Practical 

Physiological Chemistry 


By 

Philip B- Hawk. Ph.D., Sc.D. (Hon.) 

President Food and Drug Research Laboratories Inc Long Island Ctlt/ A eir 1 ark 

Bernard L. Oser, Ph.D. 

Director Food and Drug Research Laboratories Inc Long Island City Apt r I ork 

and 

William H. Summ erson. Ph.D. 

Director of Research Chemical \\ arfare Laboratories 
Army Chemical Center Maryland 


Thirteenth Edition 



-yj Collaborators on This Toitios 

Howard Bishop Lms, P« D * John Jacob Abel Profesw of lltoloRicul 
Chemistry, University of Michigan Medical School, Ann Arbor, 
Mich 

Hemiv A AIattili, Pii D * Professor of Biochemistry , State Unncnltj 
of Iona, Iona City, Iona 

Wilfried F H M Momviaerts, Pii D Associate Professor of Biochemis- 
try, Western Resene University School of Medicine, Clcv eland, 
Ohio 

Ahmaad I Quick, M D , Ph D Professor and Director of the Depart- 
ment of Biochemistry, Marquette Unit cm ty School of Medicine, 
Milwaukee, "Wisconsin 

Martin E Rfufuss, M D Professor Emeritus of Clinical Medicine 
and Sutherland M Prc\ost Lecturer m Therapeutics, Director of 
the Department of Therapeutics, Jefferson Medical College, Phila- 
delphia, Pa 

John G Reiniiold, PhD Associate Professor of Physiological Chemistry 
and Medicine, Umv crsitv of Pennsylvania Hospital, Philadelphia, 
Pa 

David Seligson, Pii D M D Directorof the Division of Biochemistry, 
Graduate Hospital, Philadelphia Pa 

Ephraim Siiorr, M D Associate Professor of Medicine, Cornell Uni- 
versity Medical College, New York, NY Assistant Attending 
Physician at New York Hospital, New York, N Y 
Arthur H Smith, PhD Professor of Physiological Chemistry and 
Director of Graduate Medical Education, Way nc Umv crsitv College 
of Medicine, Detroit, Michigan 

Albert E Sobel, Pii D Head of Department of Biochcmistr\ , Jewish 
Hospital of Brooklyn, Brooklyn, N Y Adjunct Professor of Chemis- 
try at Polytechnic Institute of Brookly n Special lecturer. New York 
State University College of Medicine 
IIarri Sobotka, Ph D Head of Department of Chemistry Mount Sinai 
Hospital, New York, N Y 

James B Sumner, Pn D Director of Enzyme Chemistry laboratory, 
New York State College of Agriculture, Cornell l/niversity, Ithaca, 

David L Thomson, PhD Professor of Biochemistry and Dean of 
Faculty of Graduate Studies and Research, McGill University, 
Montreal, Canada 

Gronor \\alo, PhD Professor of Biology, Han aril Unucrsity Bio- 
logical Laboratories, Cambridge, Mass 

I11 TV V ‘“'''m, I, ) ' '! ? Profeasor of Biochemistry and Cha.r- 

Wr™. VU n °f r A? 1 ? Scl “ ces ,n Graduate School, Boston 
University School of Medicine, Boston, Mass 

Zz[’ fA D Pr0f ^ Or 1 ° f Ghemistry School of Chemistry, 
brat of A irgima, Charlottes! illc, Virginia 



Dedicated 
To the memon of 
Lvfwctte B Mfndei 

Guiding Genius of Amenean Biochemistry 
who fifty \ ears ago inspired the 
First Edition of this work 



The Publishers are proud of the long record of con- 
tinuous authorship of thisbook under thcBlakiston 
imprint and arc grateful for the professional accept- 
anccwhichhasmadeaThirteenth Edition possible 



Preface 


It is with a mingled sense of pnde and humility that the senior author 
prebents this — the Thirteenth Edition of Pr\ctic\l Physiological 
Chemistry To have been actn ely engaged in the authorship of successive 
tuitions of a textbook for fifty 5 cars is a privilege granted to feu m the 
annals of medical publication Tor this good fortune, I am deeply grateful 
Perhaps even more than some of its predecessors, this Edition has 
undergone extensive revision and expansion The proportion of the book 
dev oted to textual material, as distinguished from experiments and pro- 
cedures, has increased to the extent that it non iccounts for about one- 
half of the entire volume Certain chapters, such as those dealing with 
Nucleic Acids and Nucleoproteins (Chapter 7), Milk (Chapter 8 ), Mus- 
cular Tissue (Chapter 10), Enzymes and Their Action (Chapter 12), and 
isotopes (Chapter 32), have been exhaustively rewritten To other chap 
V* major additions have been made, as for example Chapter 18 to 
w hich a section on Liv er Inunction has been added, and Chapter 23 which 
contains a section on Microclinical Chemistry 
as its author will no textbook in such a rapidly dev eloping area of 
re search as biochemistry, can possibly be kept strictly' up to the minute, it 
juust inevitably run a losing race with the penodical literature Neverthe- 
088 authors of this volume and their collaborators have expended 
effort in the direction of supplementing established knowledge with 
current facts, theories, and hypotheses, insofar as this is possible with full 
' ^ness that in some respects, obsolescence commences with the date of 
on cat ion (if not before) This may be of more concern to the research 
orker than to the student and for that reason the former should have 
ihis'b S \^ t) ongina * J ourna ^ s such as those cited profusely throughout 

a 11 en deav or has been made to keep pace with current adv ances in the 
ad ^ biochemistry which are benefiting from the availabihtv of 

"hich^ tec ^ ni( l lies and instrumentation Symbolic of these innov ations, 
tirne-h^ 1 ' G prormse °f epoch making advances, is the replacement of the 
the hi °T rEd frontispiece of this book depicting absorption spectra of 
tw J°° d pl SWients and their denv ativ es with a new color plate showing a 
tratm* 11 *^ 151011 ^ chromatogram of a protein hy droly zate For this illus 
■\ a j n j c authors are greatly indebted to Dr A J P Martin of the 
of gx na * ns btute for Medical Research, London and to the publishers 
£ Xt ? Evv ° DR > The Imperial Chemical Industries Ltd , London 
Hewer f ni ? entaI ’ anal Jticnl, and preparative methods employing these 
tors of tL 1 ques and research tools are scattered through v anous chap- 
nnd teap>° k°°h Only a bnef summary can be given here The student 
on eleaf 10 *, 0 ^ kiocliemistrv will find of general interest the new material 
°Pnorcsis the ultracentnfuge ion exchange resins, column and 
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paper chromatography ; countercurrent d.stnbutum the hd'eaUtrueture 
of proteins; the-polypeptide sequence of insulin; the chemistry of the 
corticosteroids; the synthesis of oxytocin; the chemistry and metabolism 
of nuclcoprotews, nucleic acid3 and derivatives; the role of muscle pro- 
teins and ATP. in muscle contraction; the biochemistry of bone and 
teeth' the kinetics of enzyme action, theories of blood clotting; the inter- 
mediary metabolism of carbohydrates, fats, and amino acids, including 
tho role of cocnzymc A and "one-carbon fragments”; the cobalamins, 
thioctic acid, leucovonn, and related factors; isotopes and their use in 
biochemical research, new material on antibiotics; and much more. 

The teacher w ill find many new experiments suitable for class use, some 
of which were developed specifically for this Edition, illustrating such 
topics as paper and column chromatographic separation of amino acids, 
punne nucleotides, etc.; countercurrent distribution; myosin and actin; 
glycogen storage and depletion; determination of blood volume with 
isotope-labeled red blood cells; blood coagulation and prothrombin time; 
liver function tests; and many others 

The clinician will find new and authoritative sections on: the bio- 
chcmifetry of liver disease; the biochemistry of the bones and teeth, 
and the use of fluondc in the prevention of dental decay; isotopes and 
their use in medicine; dextran; cholinesterase; adrenal cortical and 
pituitary hormones, and the nutritive value of milk. Clinical chemical 
procedures not found in the previous Editions include the more important 
liver-function tests (th)jnoi turbidity, cepbalin-cholesterol flocculation, 
bromsulfalcin, etc.}; determination of blood protein-bound iodine, of 
blood cholinesterase, and of blood sodium and potassium by flame 
photometry; and others A unique and valuable section has also been 
added on the use of micromcthods in clinical chemistry, with detailed 
procedures 'and descriptions of apparatus 

ftevirions of Practical Physiological Chemistry have never been a 
one-man job. The success and prestige of the book has been due in no 
small measure to the fine cooperation shown by many teachers and 
in\ cat! gators in the medical and biochemical fields A list of those who 
ha\c participated in some degree on one or more editions would read like 
a combination of giro's Who and Who Was Who in these professions. 

In the elaboration of tliis Edition the authors feel sigpaJULy honored to 
ha\e ciijojed the cooperation of many distinguished scientists and 
edmntors fo < redit them individually with specific contributions would 
tail to do justice to tho*e whoss advice and assistance is reflected in 
ueverat pla«-es, if not generally, throughout the book. 

In comequenie, deep gratitude is expressed here on behalf of my as- 
so, inted ro-uithor. and myself lot major contnlmlion, ami assistance of 
™ 2 “In ' "V “" d “ n ' ll ' at '»"’ me listed immediately 

h V 1 rrf .‘‘ rc 'I "" "Ptendid and gracious help of these 
d?S.A . . physicians it nould have been infinitely more 

" e '"T* h ,I|C Gee* of a longscriesof revisions 
mi: r' K T “" ,l ,h3n '' 8 due the following eminent 
Jmtal 1, 1 . nil Rcn, ’ ^ou, essistanrej both soheited and un- 

’ ' h,V ” ot M extent., e a, that of the aforementioned col- 
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laburators w as none the less welcome Dr Zoe E Anderson, Director of 
the National Dairy Council's Research and Nutrition Sen ice, Dr A K 
Balls, Professor of Enzy me Chemistry , Purdue tmn ersitv , Dr Albert L 
Chaney , Director of the Albert L Chancv Chemical Laboratory, Glen- 
dale, Cal , Dr L C Craig, Member, Rockefeller Institute for Medical 
Research, Dr Alexander L Dounce, Assistant Professor of Biochemistry, 
University of Rochester School of Medicine and Dentistry , Dr Theodore 
E Triedemann, Scientific Director, Medical Nutrition Laboratory, 
Titzsimons Army Hospital, Demcr, Col , Dr Linus Pauling, Professor of 
Chemistry, California Institute of Technology , Dr ICurfc G Stern, 
Adjunct Professor of Biochemistry, Polytechnic Institute of Brooklyn, 
Dr Henry Tauber, Associate Professor of Experimental Medicine, School 
of Public Health, University of North Carolina, Dr Oscar Touster, 
Associate Professor of Biochemistry, Vanderbilt University School of 
Medicine, Dr Everett C Cogbill and Mr Richard M Rush of the Uni- 
versity of Virgini a , and Dr M A Derow of Boston University 

Once again it is my pleasure to pay tribute to the skill and untiring 
efforts of my associates, Dr Bernard L Oser, whose more than quarter- 
century association with this book is well know n to its friends, and Dr 
William H Summerson, whose long experience as a teacher and inves- 
tigator at Cornell Medical College preceding our association, eminently 
qualified him for the important role he has assumed as a co-author 

For their assistance in matters editonal the authors are particular^ 
indebted to Mrs Eunice Stev ens, editor-in-chief of Blakiston, and her 
able and conscientious associate editor, Mr Barney Pisha Their efforts 
in standardizing style and typography are reflected in the enhanced 
appearance of this completely reset edition In this connection reference 
may be made to questions of spelling and nomenclature w here umformitv 
of practice in the scientific literature has yet to be achieved Since the 
American Chemical Society , more than any other single organization 
has been concerned with standardization in this field, the recommenda- 
tions of that organization have been adopted despite the risk, m some 
instances, of jarring the sensibilities of a few readers (and occasionally of 
a co-author) While appreciation is expressed to the publisher's and 
printer’s staffs for their careful efforts in proofreading the authors assume 
full responsibility for such errors and oversights as will inevitably be dis- 
covered by sharp-eyed readers 

appropriate acknowledgment has been made through this edition to 
the numerous authors publishers and instrument and apparatus com- 
panies who so graciously grmted permission for the use of illustrations, 
tables, or other copyrighted material appreciation is expressed here for 
these courtesies and, m the unlikely event that acknowledgment has 
been omitted m the specific plates where such material has been used, 
the authors claim human frailty and apologize for these ov ersights 

Finallv , the authors are deeph appreciate e of the patience and co- 
operation of the "Maple Press w ho«*e fine craftsmanship has made possible 
the production of this attractive volume 

I trust I will be pardoned for concluding this Preface with a short 
personal note 



The manuscript of the Tirst Edition of this book was drafted high up in 
the old Hare I aboratory of the Medical School of the University of 
Pennsylvania, amid the stimulating fragrance of the Department of 
\natomy It served as the basis for a course of instruction even before 
the edition was in print \o«, a half century later, and thanks to its 
friendly reception by the profession the Thirteenth Edition has rolled off 
the press 

\mong ibo^c to whom 3 was indebted for its genesis first place must 
go to the late Professor Lafayette B Mendel for it was he who generated 
the spark of inspiration The value of Dr Mendel's suggestions and 
criticism of the manuscript of several editions was great indeed His 
wonderful letters written m long hand with purple ink and crammed full 
of ideas references, and suggestions were of incalculable aid These mis- 
sives were never less than six pages long and often twice as long The 
I irst Edition was thus, quite naturally, based on the courses as given at 
"V ale Lniversity, with minor features as adopted at Columbia University 
(College of Physicians and Surgeons) where I passed my first teaching 
assignment (1901-1903) under Professor 3\ illiam I Gies Dr Mendel’s 
interest m the book never flagged It is therefore fitting and proper that 
to Dr Iafaycttc II Mendel guide, philosopher, and friend of many an 
outstanding biochemist as he was of the senior author, should be dedi 
catod this "Golden Anniversary ” Edition of Piucticu, Piiysiologicai 
Cm> Mivruv 


ilpnt 1 9// f 

Mum 111 acii, Flowdv 


Philip B Hawk 
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The plan followed in the presentation of the subject of this -volume is 
rather different, so far as the author is aware, from that set forth in any 
similar -volume This plan, however, he feels to be a logical one and has 
followed it with satisfactory results during a period of three 3 ears m his 
ow n classes at the Unit ersity of Pennsy 1\ ama The mam point m w Inch 
the plan of the author differs from those previously proposed is in the 
treatment of the food stuffs and their digestion 
In Chapter IV the “Decomposition Products of Proteids” has been 
treated although it is impracticable to include the study of this topic in 
the ordinary course m practical physiological chemistry For the speci 
mens of the decomposition products, the crystalline forms of which are 
reproduced by original drawings or by microphotographs, the author is 
indebted to Dr Thomas B Osborne, of New Hav en Conn 

Because of the increasing importance attached to the examination of 
feces for purposes of diagnosis the author has devoted a chapter to tins 
subject He feels that a careful study of this topic deserves to be included 
in the courses m practical physiological chemistry, of medical schools m 
particular The subject of solid tissues (Chapters XIII, XIV and XV) has 
also been somewhat more fulh treated than has generally been customary 
in boohs of this character 

The author is deeply indebted to Professor Lafayette B Mendel of 
Yale University , for his careful criticism of the manuscript and to Pro 
fessor John Marshall, of the University of Pennsylv ama for his painstak- 
ing revision of the proof He also wishes to express his gratitude to Dr 
David L Edsall for his criticism of the clinical portion of the v olume, to 
Dr Otto Fohn for suggestions regarding several of his quantitative 
methods, and to Mr John T Thomson for assistance in proof reading 

For the micro-photographs of o\y haemoglobin and haemm reproduced 
m Chapter XI the author is indebted to Professor E T Reichert, of the 
University of Pennsylvania, who m collaboration wath Professor A P 
Brown, of the University of Pennsylvania, is making a very extended 
investigation into the crystalline forms of biochemic substances The 
micro-photograph of allantoTn was kindly furnished by Professor Mendel 
The author is also indebted for suggestions and assistance received from 
the lectures and published w ntmgs of numerous authors and inv cstigators 

The original drawings of the volume were made by Mr Loins Sfhmidt 
whose eminently satisfactory efforts are highly appreciated by the author 

Philip B Hawk 


Philxoflphia 


3011 
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Pliysicocliemical Principles 


Living matter differs from nonh\ mg in its possession of certain char- 
acteristic properties such as growth, reproduction respiration, and mo- 
tion The science of physiological chemistry deals with the application of 
chemical and physicochemical principles and methods to the study of 
these phenomena In the early days of the science this meant the analysis 
of foods entering the organism and of excreta leaving it it involved the 
study of the composition of the \ anous tissues and organs of the body , 
the blood, the digestiv e secretions etc In this w ay a great deal of informa- 
tion has been collected concerning the composition of liv mg matter and 
the fate of the substnuces that are necessary for continuance of life and 
growth Although far from complete these researches have progressed to 
the point w here w e now possess a fairly coraprehensn e picture of the gross 
changes that take place m protoplasm 

The experimental methods used, however, for the most part involved 
the destruction of the living cell In recent years the emphasis has been 
placed on the mechanisms concerned in the reactions of the living proto- 
plasm itself Since protoplasm is largely water, this requires a study of the 
nature of solutions and the complex behavior of mixtures of clectroly tes 
Since the physical basis of protoplasm is colloidal in character, a study 
of the peculiar structure and properties of colloidal solutions is also neces- 
sary Some of the more important physicochemical principles that are 
finding wide and fruitful application in the study of life phenomena are 
discussed briefly jn the following pages 

THE COLLOIDAL STATE 

True and Colloidal Solutions. Thomas Graham m 18G1 classified 
all «uhst nines into two groups crvstallouls and colloids, depending upon 
their abihtv to diffuse through membranes such ns parchment Accord- 
ing to Graham crystalloids readily passed through parchment membranes 
while colloids did not We now recognize that matter cannot be classified 
in this m inner since many tv pic it colloids, such as certain proteins, are 
cr\ stall iznblc and prncticnlh all crystalloids may, under proper condi- 
tions, hi brought into the colloidal state 

According to modern concepts, colloidal solutions, instead of being 
solutions of particu! ir tapes of matter are solutions with n characteristic 
kind of structure Substances such as glucose or sodium chlondc, which 
form true solutions m water, disintegrate, when dissolved, into individual 
molecules or ions which are less than 1 mtx (1 millionth mm ) m diameter 
1 
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1 ho smallest particle that can be teen w ith a lnt,h pow cr light mitrotLope 
has a diameter of about 200 m|i B> means of an electron microscope parti 
eles with a diameter os small as 10 m„ arc re idilj made visible When the 
particles of solute are larger than 200 mg they arc said to be in suspension 
on standing such particles will gradually separate out When turnover 
the solute is dispersed into particles which ore intermediate in size lie- 
tween ordinary molecules such as exist in true solutions and the coarse 
part cles found in suspensions it is said to be in the colloidal state and 
solutions containing particles of that Bize arc know n as colloidal solutions 
or sols Sols which have become jell} like are called gels 
Colloidal solutions true solutions and suspensions thus differ from 
each other fundamentally only in the size of the particles of solute (the 
disperse phase) dispersed in the salient (the dispersion medium) Became 
of the dimensions of the disperse phase colloidal solutions exhibit certain 
characteristic and unique properties (to be discussed in later sections) 
which confer upon them their great importance in the structure of living 
protoplasm This importance resides in the fact that protoplasm is con 
sidered to be a complex system containing many different cr>stalloidal 
and colloidal components Although the structure and properties of this 
system are too complex to permit exact characterization in the present 
state of our knowledge we may gam an insight into these questions b) 
a study of similar though very much simpler, colloidal systems such as 
are discussed below 

Preparation of Colloidal Solutions The relationship between col 
loidal solutions true solutions and suspensions indicated above suggests 
two general methods by which colloidal solutions may be prepared These 
methods are classified as (l) condensation and (2) dispersion methods de- 
pending upon whether the colloidal particles are formed b} aggregation of 
individual molecules or by disintegration of coarse particles of matter 
Condensation Methods The principles underlying the preparation 
of colloidal solutions by condensation methods arc similar to those in 
volved in ordinary precipitation reactions In both processes the solution 
is permitted to become supersaturated with respect to borne particular 
substance Such supersaturated solutions in the presence of suitable con 
dcnsation nuclei develop molecular aggregates which continue to in 
exoasc. us. 'D.zn, as. Vawig is, wwy aww&a&J a Tusfterra\ reniams m solution Vn 
precipitation reactions th s process of growth continues until the particles 
become visible in a microscope or to the naked eye when they flocculate 
from solution By proper regulation of the experimental conditions which 
differ for different substances and procedures the growth of molecular 
aggregates may be checked when the particles attain the size charac 
tenstic of the colloidal state thus forming colloidal solutions Whether a 
particular reaction will lead to the formation of a colloidal solution or a 
vmb e precipitate depends therefore entirely upon the conditions under 
which the experiment is earned out Von Weimarn who studied this 
th!lt x by mcrely var y m S the concentre 
ll»WI „!i (C . ?i’l d , ,, ,rLSO ‘, ,rom V20000 to 7 \ the form of the 
r‘he b ° T** *? var >’ from lar Ee crystals to acolloidaJ 

gel The colloidal state as indicated in the following scheme is merely an 
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intermediate stage between coarse precipitates and true solutions which 
may be approached, under proper conditions, from either direction 

Condensation Methods-* 

True Solutions Colloidal Solutions Suspensions 

Molecules and Ions Molecular Aggregates Molecular Aggregates 
Diameter Less than Diameter 1 mg to Diameter. Greater 

1 mg 200 mg than 200 m g 

«- Dispersion Methods 

Most of the inorganic colloids may be formed by condensation methods 
invoking such reactions as reduction, oxidation, hydrolysis, and double 
decomposition Thus if a dilute solution of gold chlonde is treated with 
formaldehyde under proper conditions, the gold ions are reduced to atoms 
of gold which then aggregate into particles of colloidal size Practically all 
of the metals yield colloidal solutions under similar conditions Boiling a 
verj dilute solution of feme chlonde results in hydrolysis of this salt with 
the formation of a colloidal solution of feme hydroxide Similar solutions 
may be obtained bj using salts of Cr, Al, or Sn A dilute solution of 
arsemous oxide in water, when treated with hydrogen sulfide, undergoes 
double decomposition with the formation of colloidal arsemous sulfide In 
the preparation of colloidal solutions by these methods it is essential that 
the reactions used do not lead to the formation of soluble, strong electro- 
lytes This condition is important because colloidal solutions of the type 
discussed here are extremely sensitn e to small amounts of electrolytes, 
which cause aggregation of the colloidal particles into larger particles 
which precipitate out of solution 

Dispersion Methods The dispersion methods for preparing colloidal 
solutions involve, as indicated above, the subdivision of coarse material 
into particles of colloidal size under conditions which mil prevent coales- 
cence of those particles Manv substances may be reduced to approxi- 
mately colloidal size b} grinding m a colloid null, which consists essen- 
tially of two flat metal plates placed almost in contact and rotated at ver> 
high speeds in opposite directions Colloidal solutions of most of the metals 
may be prepared bj producing an electric arc between electrodes of the 
metal held under water or some other suitable liquid It is quite probable 
that this method involves some condensation of metal vapors as well as 
disintegration of the metal itself Solution^ prepared by either of these 
methods will gradunllv flocculate unless some stabilizing agents arc added 
to prevent coalescence of the particles Tor this purpose use is made of 
ccKain substances, either clectrolv fes or other colloids, called peptizing 
ngehts The clectrolv tes usually act In conferring an clcctncal charge on 
the colloidal particle, which is an essential condition for stability of 
colloidal solutions of this class Peptizing colloids, also called protective 
colloids, npparenth form a film about the individual particles, which 
converts them into particles resembling the protective agent in stability 
and other properties 

General Properties of Colloidal Solutions. It has ahead} been 
pointed out that the essential difference between colloidal and true 
solutions hes m tin sue of the particles of solute dispers'd in the solvent 
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Although the particles in a colloidal solution are too small to be retained 
bv ordinary filter paper, they are too large to pass through such mem' 
branes as collodion parchment or cellophane, which are permeable to 
most Substances in true solution This inability of the colloidal particles 
to diffuse through certain membranes is made use of m the process bn 0 '™ 
as dialysis, bv which colloidal solutions may be freed from nontolloidnl 
impurities The solution is placed in a suitable dmly zing bag and is sus- 
pended m a large volume of distilled water which is changed at frequent 
intervals until the liquid inside the bag no longer giv es a test for the par- 
ticular substance to be remo\cd This process of dialysis is used exten- 
sively in the preparation of salt-free solutions of such biological colloids 
as the proteins Last traces of electroly tes may be rcmo\ ed bv the process 
known as electrodialysis, in which an electrical current is passed through 
the solution in a suitably designed apparatus 

If a solution containing colloidal particles is forced through a suitable 
membrane by pressure, the membrane becomes an ultrafiltcr and the 
colloidal particles arc separated from the solution This process is called 
ullrafiUrahon By this means it is possible to separate the cry stalloidal 
and colloidal components of such a fluid as blood plasma, for example 
Furthermore it is possible to prepare membranes containing pores of 
almost any desired size so that colloidal particles of any parti < ular size 
may be separated from smaller particles as w ell as from material in true 
solution 

Another widely used method for separating colloidal particles of differ- 
ent sizes is based upon the use of the high speed centrifuge or ullraccn- 
tnfuge This apparatus originally dc\ eloped by Sv edberg for the study of 
particle size in suspensions of inorganic colloids, has found extended ap- 
plication to the problems of protein and virus chemistry by Sv edberg and 
many others, until today it is a fundamental research instrument in these 
fields With this instrument a sedimenting force up to several hundred 
thousand times the force of gravity can be applied to particles in colloidal 
suspension Naturally the heavier particles will settle out of the solution 
under these conditions faster than the lighter or smaller particles, and 
the actual separation and isolation of individual colloidal substances has 
been achieved m this way Furthermore by the use of suitable optical 
fbivwos. * to foJ.Va.T5 tb/t tftVAmg xf, Vne various ty pes (A 

colloidal particles which may be present and thus establish not only 
whether the disperse phase consists of colloidal particles of several differ- 
ent sizes ( heterogeneous ) or of only one size (homogeneous), but also the 
average size of the particles themselves If it can be shown that the col- 
loidal particle is a single molecule of the substance, the particle size then 
becomes a measure of the molecular weight of the substance This method 
chcmistry Ch ^ f ° Und partlcuIar application m the field of protein 

? partlcle under stated conditions may be char 
actenzcd by the sedimentation constant s defined as 
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where dx/dl is the rate of settling of the particle per unit time at a dis- 
tance x from the center of rotation of the centrifuge, and w is the angular 
velocity in radians per second. Since the numerical value of 5 is usually 
very low — around 1 X 10“ 13 for proteins — sedimentation constants are 
commonly expressed in terms of a unit, the Svcdbcrg, S, which equals $ 
multiplied by 1 X 10 M . 

The relation between the sedimentation constant and the molecular 
weight under ideal conditions is given by the following expression: 

ir _ RT 

M ~ s ' D(1 - ftf„) 

where M is molecular weight, R is the gas constant, T the absolute tem- 
perature, D the diffusion constant, t’ the partial specific volume of the 
substance (the volume occupied by one gram of substance at infinite dilu- 
tion in the solvent) and d m the solvent density. This equation requires 
separate determination of the diffusion constant D; errors in D will be 
reflected in the value for the molecular weight. Nevertheless the equation, 
suitably corrected for deviations from ideal conditions, has been widely 
used. Examples of the molecular weights of proteins determined by sedi- 
mentation velocity will be found in Chapter 5. 

An alternative procedure for the determination of particle size or mo- 
lecular weight in the ultracentrifuge is based upon the attainment of a 
sedimentation equilibrium. In this the rate of settling of the particles is 
established at such a point that it exactly equals the opposing force of 
diffusion, which tends to redistribute the solute throughout the solvent. 
Under these conditions the molecular weight is obtained by means of the 
equation: 

2RT In 77 

0> 2 (1 - vd m )(xl - X-) 

where C t and C 2 are the concentrations at distances Xi and x it respec- 
tively, from the center of rotation. (The symbol “In” stands for the 
natural logarithm.) The value of the diffusion constant is not required in 
this method, and this is an advantage. On the other hand, precise estab- 
lishment of sedimentation, equilibrium requires careful control over sedi- 
mentation rate for relatively long periods of time. In general, molecular 
weights determined by sedimentation equilibrium differ but slightly from 
those obtained by sedimentation velocity. 

By noting and measuring deviations from the equations just presented, 
which are based upon spherical particles obeying the gas laws, informa- 
tion concerning not only the size but also the shape of particles may be 
obtained. In the case of proteins, variation in the value of the sedimenta- 
tion constant with concentration has been interpreted in terms of equilib- 
rium between monomeric and dimeric forms of the protein molecule. 

Since the particles in a colloidal solution consist either of very large 
molecules or of aggregates of large numbers of individual molecules, it 
follows that n colloidal solution will contain only a minute fraction of 
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the number of particles present in a true solution of the same concentr 
Iran Such physicochemical properties of solutions as vapor prraaire a 
osmotic pressure depend almost entirely upon the number of particles 
solution, the chemical nature of these particles being immaterial Collo dal 
solutions, with their comparatively small number of particles, therefor 
exhibit only very small osmotic pressures, and their sapor pressures, as 
well as related boiling and freezing points, are practically the same a 
those of the pure dispersion medium 

If a concentrated beam of light is passed through a colloidal solution 
and viewed at right angles, its path through the solution is plainly visible 
as a milky turbidity True solutions under similar conditions appear 
optically void This phenomenon, known as the Tyndall effect, is due to 
the reflection and scattering of the light by the particles in solution and 
is similar to that observed when a beam of sunlight passes through the 
dust-laden atmosphere of a darkened room 

Siedentopf and Zsigmondy, in 1903, developed the ultramicroscope, in 
which a very fine, intense beam of light is focused in a colloidal solution 
and its path observed with a microscope placed at right angles to the 
beam The true nature of the Tyndall effect becomes apparent when 
colloidal solutions are 'viewed with the ultramicroscope It is then ob- 
served that the Tyndall light is composed of individual points of light, 
each point representing light reflected by an individual particle Col- 
loidal solutions are thus shown to consist of discrete particles suspended 
in the dispersion medium When viewed through the ultramicroscope the 
particles in a colloidal solution are seen to be in a continual state of vio- 
lent -vibratory motion This phenomenon is known as the Brownian move- 
ment and is due to bombardment of the particles of disperse phase by 
the molecules of the solv ent 

Colloidal particles ordinarily carry electrical charges which are con- 
sidered to be distributed over the surface of the entire particle Because 
of the presence of these charges the particles in a colloidal solution mi- 
grate toward one of the poles in an electrical field, the process being 
know n as cataphoresia or, more commonly, electrophoresis 

The distance x through which a particular colloidal particle moves 
under the influence of an eleetnc current is proportional to the time l and 
to the potential gradient E at the spot where the particle is E in turn 
deptnds upon the current t, the conductivity of the solution X, and 
the cross-sectional area q of the solution at this point The propor- 
tionality constant is known as the electrophoretic mobility it Hence 
M *= x/lE = x /t X q\/i The dimensions of n are therefore square centi- 
meters per volt per second The distance x is usually measured by the 
so-called moving boundary method In the version of this procedure de- 
veloped by Tisclius and widely used, the colloidal solution is brought 
in o contact with the solvent alone by a process of layering that uses a 
sectioned L-tubc (see Tig 105, p 4G1) to produce a sharp boundary be- 
tween the colloid-containing solution and the solvent alone, although the 
two solutions are continuous through the solvent itself An electric cur- 
r>T'“ S M ™“ l !'"’ bmmdar > "'ll carry the collo, dal particles into 
me Eolvtnt or away from it, depending upon the polarity of the current 
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and the charge on the particles If all the particles arc similar with respect 
to charge, mass, and shape, they will mo\e as a unit, so that in effect the 
boundary itself will move and will remain sharp Optical or other methods 
for measuring the movement of the boundary "ill then establish the rate 
of movement of the colloidal material If the colloidal solution is com- 
posed of various types of particles with differing electrophoretic mobili- 
ties, several boundaries or zones wall dev clop, moving at different rates 
In this way a mixture of colloidal substances may be characterized, and 
under suitable conditions the components may actually be separated 
from one another 

A simplified form of electrophoresis apparatus suitable for clinical and 
other uses employs a strip of filter paper (paper electrophoresis) saturated 
with solvent (electrolyte) and attached to two electrodes The colloidal 
solution is deposited on the filter paper at one spot, the filter-paper matrix 
tending to localize the added material Under the influence of an electric 
current the colloidal particles present wall migrate along the paper strip 
in bands m much the same manner as that described above for the 
Tisehus procedure, and these bands may be visualized by suitable pro- 
cedures (see Fig 57, p 184) 

Like the ultracentnfuge mentioned above, electrophoresis in the study 
of colloidal systems has found application not only in isolating individual 
colloidal substances from mixtures but also in characterizing the com- 
ponents of complex natural colloidal solutions such as the proteins of 
blood plasma 

Glassification of Colloidal Solutions. Colloidal solutions are classi- 
fied into (1) suspensoids, or lyophobic colloids and (2) emulsoids, or 
ly ophihc colloids The suspensoids include such colloidal solutions as those 
formed by the metals, inorganic salts, etc , and their preparation usually 
requires special methods such as the dispersion and condensation methods 
described above They are called lyophobic colloids because there is no 
affinity between the particles of disperse phase and the dispersion me- 
dium In many of their physical properties, such as viscosity , suspensoids 
differ only slightly from the pure dispersion medium The particles of a 
suspensoid carry a definite electrical charge which may be changed only by 
very special methods Suspensoids are flocculated by v ery small quantities 
of electrolytes, and when so precipitated cannot ordinarily be brought 
back into colloidal solution The precipitation of suspensoids is therefore 
irreversible When viewed with the ultramicroscope suspensoids are seen 
to contain well-differentiated particles in vigorous Browouan movement 
The cmidsoids, since they include the proteins and the higher carbo- 
hydrates, are of much greater biological importance and interest than the 
suspensoids They are called lyophihc (or hydrophilic when the dispersion 
medium is water) colloids because they have a high affinity for the disper- 
sion medium The viscosity of emulsoids is usually much higher than that 
of the dispersion medium The particles carry electrical charges which, m 
the case of proteins, for example, may be changed m sign or magnitude by 
such simple measures as changing the acidity or alkalinity of the solution 
1 he emulsoids require large amounts of electroly tes for their precipitation 
and when precipitated may usually be brought back into colloidal solu- 
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Fio 1 Stability or St bpen soros and Em lboids 


force which is ordinarily sufficient to pre\ ent aggregation and flocculation 
In this precipitating action of electrolytes on suspensoids, the acticc ion 
is the one whose charge is opposite in sign to that tamed by the suspensoid 
On the other hand, emulsoids possess tw o stability factors — charge and 
hydration — either of which is capable of pre\enting the aggregation and 
flocculation of the colloid Neutralization of the charges on the cmul«oid 
corn erts it into a neutral, or i=oclcctnc, colloid which is perfectly stable as 
long as the particles remain hedrated Dehydration of a charged, elec- 
trolyte-free emulsoid (e g by the addition of a dehydrating agent like 
alcohol) coni erts it into a suspensoid exhibiting the characteristic sensi- 
tiwty toward electrolytes The precipitating effect of large amounts of 
such salts as ammonium sulfate or sodium chloride on emulsoids is due to 
the fact that saturated solutions of these salts act also as dehydrating 
agents, thereby discharging and dehydrating the particles at the same 
time Tig 1, from Krmt illustrates these differences in stability between 
emulsoids and suspensoids 

Lnder changing conditions of temperature and concentrations of dis- 
perse phase hy drogen 10 ns and electroly tes emul«oids ha\ e the property 
of imbibing large quantities of water and setting into semirigid gels 1 hese 
gels are thought to possess a definite structure, consisting m some cases of 
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a network of disperse phase, or hydrated material, enclosing some of the 
dispersion medium On standing for a time most gels gradually contract, 
extruding a portion of the dispersion medium This process is known as 
syncresis The properties of imbibition uid gel formation exhibited by 
emulsoids probably are responsible for the characteristic physical form of 
protoplasm The swelling and shrinking exhibited by protoplasm are due 
probably to the hydration and dehydration of its colloids, presumably 
governed by the same laws that operate in the case of the simpler systems 
Colloidal particles possess appreciable surfaces which permit such phe- 
nomena as surface tension (q v ) to come into play at the interfaces be- 
tween the particles and the dispersion medium The magnitude of these 
surfaces becomes evident when we reflect that if a 1-cm cube is subdi- 
vided into cubes with 10 mp edges, the surface area is increased from 
6 sq cm to GOO sq m Substances such as most emulsoid colloids (soaps, 
proteins, etc ) which decrease surface tension tend to accumulate at sur- 
faces, whereas other substances such as sodium chlonde which increase 
surface tension tend to be less concentrated there This increase in the 
concentration of a substance at a surface is know n as adsorption In the 
case of colloidal solutions, adsorption thus mvohes an increase m con- 
centration in the boundary layer between dispersed phase and dispersion 
medium The mechanism of adsorption is obscure, it has been suggested 
that the adsorbent enters into a loose combination wath the material ad- 
sorbed by means of latent valences of atoms in the surface layers In 
many cases (such as adsorption of many different kinds of gases, liquids 
and even solids by such suspensions as charcoal), it is difficult to under- 
stand how any kind of chemical combination takes place When electro- 
lytes are adsorbed by the charged particles in colloidal solutions it is the 
ion with opposite charge which is adsorbed 

Adsorption probably plays a very important role in many of the reac- 
tions taking place in living protoplasm, since in this manner substances 
ordinarily present in low concentration may have their effective concen- 
trations increased tremendously by being accumulated at boundary sur 
faces Concentration by adsorption also finds use in the laboratory m the 
isolation from very dilute solution of such natural products as enzymes, 
vitamins, hormones, etc The adsorbed material may be released (eluted) 
from the surface of the solid adsorbent (e g , charcoal, metallic hydroxides, 
fuller's earth) by changing the acidity or surface tension of the solvent In 
the process of chromatographic adsorption the solid adsorbent is packed 
into a tall glass column down winch the solution containing adsorbable 
material is allowed to flow slowly This procedure is discussed m detail m 
the section on chromatography (see p 14) 

The studies of Harkins and of Langmuir indicate that substances ac- 
cumulate at boundary surfaces in a definite pattern Thus molecules having 
both polar and nonpolar groups orient themseh es at od-w ater interfaces m 
such a fashion that the polar groups dissohe in the water while the non- 
polar groups dissoU e in the oil Oleic acid, for example, orients itself at 
oil-water interfaces so that the polar carboxyl group is directed into 
the water, which it more closely resembles in general structure than does 
the nonpolar alkyl group, which is directed into the oil Since proto- 
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orientation of various typos of molecules ivithm the cell. 

experiments on colloidal solutions 

A Methods for Preparation of Colloidal Solutions 

1. Preparation o J Colloidal Solutions oj Prussian Blue and oj Arsenious Sul- 
fide by Double Decomposition. To 10 ml. of 0.02 N potassium ferrooan do In 
a beaker add alth rolling 10 ml. of 0.02 N ferric chloride. Dilute a portion of 
the mixture and note that there 1b no precipitate. This colloid la nefcat > 

C, *MU 50 ml. of 1 per cent arsenious oxide solution (made by boiling the oxide 
with water) with 50 ml. of saturated solution of hydrogen sulfide. Heat to 
boiling (in the hood), filter and cool. This colloid Is electronegative also. 


2. Preparation of Colloidal Ferric Hydroxide by Hydrolysis. To 200 ml- of 
boiling water add 1 ml. of 33 per cent ferric chloride solution, or about 0.3 g. 
of solid fen-ic chloride. Note the beautiful reddish-brown color. This Is a 
positively charged colloid. 


3. Preparation of a Gold Sol by Reduction. To 100 ml. of pure redistilled 
water add 1 ml. of 1 per cent gold chloride solution and 5 ml. of 0.5 per cent 
potassium carbonate solution. Ifeat to boiling, remove from the flame, and 
add two drops of 20 per cent formaldehyde solution. If necessary, heat again 
and add one more drop. Observe the changes in color as the particles of metal- 
lic gold become larger and larger. Most metallic colloids are electronegative. 


4. Preparation of Colloidal Platinum by Electrical Method. Connect two 
short platinum wires (l to 3 mm. cross-section) with stout copper wires and 
pass through pieces of glass tubing to serve as handles. Connect both wires 
with the terminals of a 110-V. d.c. lighting circuit with a lamp bank of five 
100-watt lamps in parallel (to cut down the current to about 5 amperes). 
Place pure distilled water in a crystallizing dish about 4 inches In diameter, 
add a very slight trace of hydrochloric add, and immerse the two platinum 
tips. Bring the tips together and then separate them by about 1 to 2 mm. An 
arc develops. Maintain this for several minutes. Filter. 


5. Preparation of Emulsoid Solution. Prepare solutions of gelatin (5 per 
cent), agar (1 per cent), starch (2 per cent), and soap (2 per cent) by allowing 
the dry colloid to become thoroughly soaked In the required amount of water 
In a beaker at room temperature, followed by Immersion of the beaker in a 
boiling water bath, stirring until solution is complete. Cool the solutions and 
note that gels are formed. Heat again In boiling water and note that the gels 
liquefy. On standing for some time the gels should show syneresis. 


B. General Properties op Colloid at Solutions 
1. Dilution Through Membranes (Dialysis), Prepare a dialyzing bag from 
seamless cellulose dlalyzer tubing 1 as follows: Cut a strip about 15 cm. long 


” I,odlon *“» '“’v be used. Pour 10 to 20 ml ol collodion solutioi 
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from the roll of flat tubing, wet the strip thoroughly with water, and separate 
the sides to form a tube. (This operation is facilitated by holding the strip 
vertically in a stream of running water.) Tie one end of the tube tightly with 
string to form a bag. Fill the bag with colloidal Prussian blue or ferric hy- 
droxide solution (prepared as described above), tie loosely at the top with 
string, and suspend in a beaker of water. Observe at intervals. Do you detect 
any diffusion of the colloid through the membrane? Test the water in the 
beaker for chloride. Is any substance diffusing through the membrane? 

2. Diffusion Through Gels. Place 5 ml. of 5 per cent gelatin In each of two 
test tubes. Cool until the gelatin solidifies. Pour copper sulfate over the gel in 
one tube and Prussian blue solution over the other. Let stand. Note the de- 
gree of diffusion of the blue color in the two cases. The experiment may be 
repeated with eosin and methylene blue, the former a noncolloidal and the 
latter a colloidal dye. 

3. Mutual Precipitation of Colloids. Mix equal volumes of solution of the 
negative colloid arsenious sulfide and the positive colloid ferric hjdroxlde. 
Explain. Can you write the equation for any reaction which occurred? 

4. Precipitation of Colloids by Salts. To a solution of Prussian blue, ferric 
hydroxide, or other suspensold, add a few ml. of 10 per cent sodium chloride 
solution, and allow to stand. Treat a solution of an emulsold such as gelatin 
or starch in the same way. Which are precipitated by the electrolyte? Add 
an excess of water to the precipitate. Is the colloid reversible? If the emulsold 
Is not precipitated saturate the solution with solid magnesium sulfate To 
some of the precipitate add an excess of water and boil. Is the emulsold 
reversible? 

5. Demonstration of a Protective Colloid . To a mixture of three drops of con- 
centrated nitric acid and 5 ml. of 0.05 N silver nitrate add 5 ml. of 0.05 N 
sodium chloride. Note the curdy precipitate. Repeat, but add 1 ml. of gelatin 
solution tD the silver nitrate and to the sodium chloride solutions before 
mixing. 
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emulsold and with that of pure water? A more accurate form of thU apr 
tus !. a viscosimeter of the Oatwald type (see Exp. 8). A nlat on l of « 
shows its lowest viscosity (most rapid emptying of the viscosimeter) at 
isoelectric point (about pH 4.7). 

8 Estimation of Viscosity uith Ostuald Viscosimeter . The apparatus illus- 
trated in Fig. 2 is used and is kept in a constant-temperature water bath dur- 
ing the determination. Test with water first. By means oi 
a pipet introduce a suitable exact amount (usually 5 ml., 
of water Into bulb E. Blow at F and force the liquid above 
mark C. The fluid column should still reach to bulb E. 
Allow It to flow back and note the time with a stop watch 
for the meniscus to pass from C to D. Repeat unt 
constant values are obtained. Repeat with gelatin or some 
other colloidal solution. If water requires 60 seconds and 
gelatin solution 120 seconds, the relative viscosity of the 
gelatin is 2 0. 

9. Adsorption by Charcoal. Caramelize a small amount 
of sugar by heating It In a crucible. Dissolve In 100 ml- of 
water, add 5 g. of animal charcoal, and boll for five 
minutes. Filter. The filtrate should be colorless. Charcoal 
Is used for clarification in the commercial refining of 
sugar and In many similar processes. Repeat the expert' 
ment, using a dilute solution of crystal violet or other dye 
Instead of the caramelized sugar solution. After the filter 
has drained, pour alcohol or acetone over the moist char- 
coal. Does the dye enter into a firm combination with the charcoal? Acetone 
and alcohol are more strongly adsorbed than crystal violet and tend to 
displace It from the charcoal. What is this displacement process called? 

10. Electrophoresis of Colloids. Clamp in an upright position a glass U-tube 
(one with limbs about 15 cm. long and 2 cm. in diameter is satisfactory)* 
Half fill the tube wlthaAulAahVxA>hvnpd^n,Rjitita,t*jiJivAjvy ^gtwaAtCtts swAfidiV 
ferrlc hydroxide). With a pipet slowly and carefully add distilled water to each 
limb to within about 2 cm. of the top. With suitable care a sharp boundary 
between the water and the colloidal solution is obtained. Place a platinum 
electrode in contact with the water in each limb, and connect each electrode 
to a terminal of known polarity from a source of 110 V. d.c. Note (1) the level 
of the colloid-water boundary in each limb and (2) the polarity of the elec- 
trodes, and turn on the current. Allow it to run until definite movement of 
lh. boundary ha, taken place. What doe, thi. experiment prove with regard 
polite ehr^,' ' ha ' a ' ,h ' “"°' dal i" 11 * 11 Repeat with a colloid of op- 
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ine) to be impermeable to the anion It of a salt NaR in solution on one 
ride 'of the membrane but permeable to all other ions and salts involved, 
bet us 'further suppose that we have at the beginning of the experiment 
MaR on* one side of the membrane and NaCl on the other. (See diagram 
at left, below.) NaCl will diffuse from 2 to 1 until at equilibrium conditions 
will be as indicated on the right. 


Na+ 


Na + 


R- Cl- 

W [2] 


Na+ 

R- 

ci- 

(U 


Na+ 

ea- 

rn 


Now from thermodynamic considerations it can be calculated, and by ac- 
tual determination it can be shown, that at equilibrium the product of the 
concentrations of a pair of diffusible ions (in this case Nn + and Cl") on 
one side of the membrane will be the same as the product of the concen- 
trations of the same ions on the other side of the membrane. That is, 2 


[Na + ]i[Cl"]i = [Na+] 2 [C1"] 2 

The concentration of the cation Na + in (1) must be equal to the sum of 
anions present (R~ + Cl"] in order to maintain electrical neutrality, while 
on the other side the concentration of Na + is the same as that of the anion 
Cl". It follows that, in order for the products just mentioned to be equal, 
the concentration of sodium ions [Na + ] on the left must be greater than on 
the right and the reverse must be true for the chlorine ions. That is, 

[Na + ]i > (Na+] 2 and [Ci-]i < [Cl-]* 

Thus it is possible to account for the existence of different concentrations 
of diffusible ions on the two sides of a semipcrmcablc membrane, the essen- 
tial condition being the existence of a nondiflfusiblc ion on one side of a 
membrane which is permeable to the other ions. 

This difference in concentration of diffusible ions leads to a difference 
of potential (electrical pressure, measured in volts) on the two sides of the 
membrane, and may account for certain electrical phenomena of living 
matter. The Donnan equilibrium has also been associated with the ex- 
planation for a variety of physiological phenomena, such as the formation 
of gastric juice and other secretions, certain aspects of absorption and 
elimination, and the differences in concentration of diffusible ions between 
the blood plasma and cerebrospinal fluid and between the red cells and 
plasma. In this connection it is well to remember that quantitatively 
the Donnan equilibrium is based upon ion activity rather than concentra- 
tion, winch was used in the above illustration for purposes of simplicity, 
and it is not always possible to define precisely the relation between these 
two properties, particularly in physiological fluids. 
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EXPERIMENTS ON DONNAN EQUILIBRIUM 

1 Demonstration a f Donnon Eimtlbnum Ustne a Membrane 

ml of at per cent gelatin solution into one 100 ml beaker »”* f° „ 

tilled water Into another Add 1 ml ot a 0 04 per cent thj mol blue »o'u«° 
each To the water add 0 1 N h)drochioric acid solution cautiously. drop K 
drop, until the Indicator has a color Intermediate between yellow and pi t 
(pH about 2) Add the add to the gelatin solution until a similar 
color is obtained (several ml may be required) The two solutions now 
the same hydrogen Ion concentration Transfer the gelatin solution 
dialyzing bag and suspend it in the beaker containing the water solution j~. 
It stand The gelatin solution will gradually turn yellow (decreased acimry 
and the outside solution will turn pink (Increased acidity), Indicating a 
sion of hydrogen ions through the membrane Do any other ions dl,lu * 

W hat is the sign of charge on the nondifluslble gelatin Ion In this experimen 
Explain the results in terms of the Donnan equilibrium 


2 Demonstration of Donnan Equilibrium without Use of a Membrane Pre- 
pare 100 ml of a 5 per cent solution of gelatin Add 1 ml of a 0 5 per cent 
solution of brom thymol blue Add 0 5 per cent NaOH drop by drop until a 
color intermediate between yellow and blue (pH about 7) Is obtained Poui 
it into a 2a0 ml beaker and allow it to solidify Over the gel pour 100 ml o' 
distilled water containing the same amount of Indicator and brought to thi 
same pH Tet It stand, and note the changes in the color of both gel and solu 
tion Explain Is the presence of an extraneous membrane essential for th' 
development of the Donnan equilibrium? 


CHROMATOGRAPHY 


Chromatography is the name originally applied by the Polish botanist 
Tsw ett in 1900 to a procedure for separating a mixture of different-colored 
pigments (chlorophylls and xanthophylls) from each other Tsw ett found 
that if the mixture of pigments in petroleum ether as soh ent w as poured 
onto the top of a column of calcium carbonate firmly packed in a narrow- 
glass tube, and allowed to dram down the column, the pigments were 
separated and appeared as colored zones along the column B\ the addi 
tion of fresh eo1\ ent the zones could be further separated and the separate 
pigments identified under «uitable conditions Tswctt called such a col 
umn a chromatogram and the process the chromatographic method 

As has happened with many other fundamental disco\ cnes, the useful 
nc»s of Tswctt’s simple procedure was not generally appreciated until 
years later At the present time chromatographic procedures of one kind 
or another are probably more widely used in biochemical research than 
any other single type of procedure Tswctt ascribed the difference* in the 
behavior of pigments placed on his columns to differences in adsorbability , 
the more strong »I«W chlorophyll, lor example displacing the 
t^hli adsorbed and thus forcing the xanthophylls further 

along the column under the influence of the flomng sole ent There are 
Fore'" ,n f‘ ncc “ ' sh,, ' h a , re ">° re readily explicable on some other bains 
Mwd™l~n“. n “ Itute ^ \ nun “ acd» Placed on a column of starch or 
r ^ e TL ' c ^ roma tographed and separated bj the use of 
certain soHents but the order of separation of the lanoas compounds 
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present parallels their distribution coefficients (see p 24) between the 
solvent and water Since starch or cellulose will take up appreciable 
amounts of water 3 it is reasonable to assume that the ammo acids dissolve 
in the water of the column and are extracted from it by the flowing sol- 
vent in proportion to their relative solubilities in the tv o phases (partition 
chromatography ) In columns containing ion exchange resins (see below), 
it is belie\ ed that the functional groups of the resin react directly with 
the various substances placed on the column, but to a different degree 
Thus a resm containing acidic functional groups may be expected to react 
with a mixture of bases placed on the column in the same way that an 
acid m solution distributes itself between various bases present In such 
a column the bases will be distributed along the column, the most reac- 
ts e base at the top, and upon elution they will emerge from the column 
at different rates for similar reasons There are therefore various explana- 
tions for the behavior of substances undergoing chromatographic separa 
tion, and the science is still far behind the art in this field Columns 
satisfactory for particular purposes are ordinarily found by trial, the 
explanation usually comes later 

Suitable columns have been made from the various insoluble alkaline- 
earth phosphates and oxides, starch and cellulose, and ion-exchange res- 
ins The dimensions of the column maj vary, but in general a column 
resembles the common volumetric buret m ratio of length to width 
Ei ery column has an inherent capacity for the particular substances being 
fractionated on it, if this capacity is exceeded separation will be unsatis- 
factory If the v anous substances on the column can be released by sol- 
vent change and thorough washing a used column can be regenerated 
and used again The sohent may flow down the column by gravity or 
more commonly under a controlled pressure head The rate of flow of 
sohent may vary in general, the more slowly the sohent flows, the more 
thoroughly equilibrium is reached and the potentialities of the column 
are realized Hie soh ent may be aqueous or nonaqueous as required, and 
may r be ch mged during a separation to modify distribution along the col- 
umn The wide variety of sohents available is one of the outstanding 
advantages of chromatography 

r lhe applicability of chromatography is not limited to colored com- 
pounds, thus the name is somewhat misleading Any procedure which 
identifies a substance may be used to locate it m the column Fluorescence 
under ultraviolet light has been used, as has radioactivity, m cases m 
which tlie subst nice under study is labeled with a radioactive isotope 
4 he column may also be extruded from the tube and cut into sections, 
and each section may be extracted and analy zed for the substance sought 
\n improved isolation procedure now widely used is based upon the con- 
tinuous passage of the pure solvent down the column, the effluent sohent 
being collected m ‘'Oparatc fractions and the fractions analyzed for the 
mat en it under studv I he solvent may be \ nned during this process to 
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carefully controlled conditions it is found that a particular compound mas 
shun sufficient reproducibility with regard to the » « « 

uhich it is found to afford a tentative bas.s for ident fieat.on h,s^ 
cedure has been used by Moore and Stem in their analysis of the am 
acids present in protein hydrolysates 

Ion-exchange Resins. The use of ion exchange resins in chromatog 
raphy and for other purposesm biochemistry and medicine is of sumcie 
importance to justify brief consideration at this point lon-exchangc 
ms are highly insoluble synthetic polymers containing accessible U e, 
titratable) functional groups v.hich are cither acidic (— COOH, 0 U 1 


or basic (— NH, — N(CH,), etc ) Resins noth acidic functional groups 
such as Dow ex 50, Amberlite IR 100, and Per mu tit H, are known 
cation exchange resins those with basic functional groups, such as Dowc 
1, Amberlite IR 4 andPermutitS are the amon-cxchange resins 
The action of resms is best understood by considering them to be poly 
functional acids or bases which happen to be insoluble Thus if a solution 
containing an amine salt is placed on a column packed with a cation 
exchange resin containing replaceable hydrogen, the resin will take up 
the amine cation from the solution and replace it in solution by the 
hydrogen ion ( hydrogen cycle) The amine may be subsequently displaced 
from the resin and washed out of the column by the use of a more acid 
solvent A mixture of bases on such a column may be released individual^ 
by the use of solvents of varying acidity and electrolyte content In a 
similar manner, a cation-exchange resin whose hydrogen has been ro 
placed by sodium will function in a sodium cycle toward other cation: 
such as calcium and magnesium A solution containing a calcium sal 1 
will emerge from such a column as a solution of the sodium salt the 
calcium remaining attached to the resin The resin may be returned to its 
original state by treatment with a large excess of sodium ions This is a 
principle used in the softening of hard water An anion-exchange resin 
which has been saturated with chloride ion will function in a chloride 
ejele towards other anions a column containing such a resin wall reniov® 
w cah organic acids from solution as anions and replace them w ith chloride 
The use of ion-exchange resins is not confined to chromatograph} , but 
is acquiring increasing importance in other aspects of biochemistry and 
medicine Examples of such uses include the use of resins to decalcif} 
blood and thus prevent blood clotting clinical use to control gastric 
aciditj and the dictarj absorption of elcctroljtes from the intestinal 
tract b> the oral administration of suitable resins and the deimneraliza 
tion ot milk for special dietarj purposes Since it is now known that 
resins can lie * tailor made” to fit almost anj desired purpose, such 
clinical u«cof re-ms w ould appear to be on the increase 
.™!*T Chromitography. A remarkable development m the field of 
' r , "' rl,a|> ’ ""equalled the field of biochemical 
Oieilt l bl'.’' '"T 11 ,' 'ereatilitj and uidospread application is 

.WnWIa f P r f T rh r m Purposes b, a procedure first 

i -‘rnbetf bj Gonsdcn Gordon and Martin 4 Hn Uttn nrtnrrmi.. .<tx/.nf 


>Ptl „y Gonsdcn Gordon and Martin 4 The basic principle is very 

4 Gm*W Gordon «rxd Martin Ihorhrm J J* 221 (1911) 
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simple A small drop of solution containing the mixture of compounds it is 
desired to separate is e\ aporated to drj ness on a piece of filter paper, and 
a suitable solvent is allowed to flow slowly along the filter paper oxer this 
spot, either by gravity (descending) or capillantj (ascending) The sub- 
stances m the initial spot are extracted by the flowing solvent and carried 
along the filter paper to an extent which is related to their distribution 
between the solxent and the water phase of the filter paper, as discussed 
previously After the solvent has flowed for a suitable distance along the 
paper, the paper is removed and freed of excess solv ent b> quickly drying 
and suitable tests are applied to the filter paper to locate the v arious com- 
pounds under study Under the proper conditions it is found that each 
substance present has been earned away from the initial spot to a charac- 
tenstic extent and is localized in a relativ ely small area on the filter paper 
The simplest expression of the response of a particular compound to 
this procedure is the so-called R P value which is the ratio of the distance 
the compound moves along the paper to the distance coxered by the 
sohent Thus if the sohent front is 12 0 cm from the spot of application 
of the compound, and the compound is located 9 0 cm from this spot, the 
R f value is 9 0/12 0, or 0 75 The absolute value of R F for a particular 
compound is of course dependent upon such factors as the nature of the 
solvent, the temperature, and the presence of other substances which 
influence the distribution of compound between the sohent and water 
With suitable attention to these details, however, the R F value for a pure 
substance is found to be sufficiently reproducible to serve as an approxi- 
mate basis for identification 

An improved procedure is the so-called two dimensional chromatogra 
phy Here the spot containing the substances under stud} is dried in one 
corner of a square of filter paper The solvent, running as before, carries 
the substances along one edge of the paper in proportion to their R F values 
for that solv ent After the excess solvent is remov ed b^ drying the paper 
is turned 90° and a second soh ent is allow ed to flow across the paper at 
right angles to the direction of flow of the first soh ent and in such a w a> 
as to carrj the vinous substances present from the edge of the piper to 
the middle regions After the second sohent is remoxed b} drying, the 
substances are located by suitable meins B\ the selection of suitable 
sohents it is possible using this procedure to separate ind identify the 
components of even such complex mixtures as the various ammo acids 
present in a protein h>droljzate (see Frontispiece) using onlj small 
amounts (a few milligrams) of material ind ordinary laboratory equipment 
There are of course many refinements to the procedures described here 
B> the careful use of the technique, the compounds separated are usuillv 
localized m a small and reproducible irei of the filter piper If the com- 
pound is detected at tins spot bx a color reaction, measurement of the 
color intensity miv be used to determine the amount of material present 
'1 he area max also be cut out md the compound extracted from the p iper 
thus essenti \lh isolating it m pure solution for confirm ition of iN chemi- 
cal nature by other tests I he student w ill find m in\ applications of p vper 
chromatogrnphv to biochemical problems m this book and m the bio- 
chemical literature 
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experiments on chromatography 


I. One-dimensional Paper Chromatography.* For demonstration purposes 
solutions of ammo acids will be chromatographed in this experiment. The 
amino adds will be located on the filter paper by reaction with ninhydrin to 
give a purple color. Solutions of glycine, aspartic acid, and a mixture, of 
gljclne and aspartic acid, all 0.03 M, will be used. If desired, a fourth solution 
containing either or both amino acids can be used as an unknown. 

Cut strips of Whatman No. 1 filter paper to the dimensions 13.5 X 1-8 X 1.0 
cm. Pierce a small hole in each strip, in the center and about 4 mm. from the 
broad end. This will be used for hanging the strips during the drying process. 
To minimize contamination, avoid touching the strips with the fingers. 

tor each solution under examination, draw a portion Into a capillary pipet 
having a verj fine tip,* and apply the tip of the pipet quickly and lightly to a 
filter-paper strip at the center and about 6 mm. from the narrow end. Dy 
this procedure a volume of approximately 0.2 pi. of solution is deposited on 
the paper to form an area which should not be in excess of 1.5 mm. in diam- 
eter. Circle the wet area with a light pencil line and allow to dry. Prepare a 
separate strip for each solution under examination. 

Place approximately 0.5 ml. of water- saturated phenol’ in the bottom of a 
6-Inch test tube. Using one tube for each strip, insert the narrow end of the 
treated paper strip Into the phenol solution In such a way that the strip docs 
not touch the walls of the tube except at the top. Stopper the tube with a 
soft cork. Allow to stand undisturbed at room temperature for 2 to 3 hours 
or until the solvent has ascended by capillarity to within about 5 mm. of the 
hole at the top of the strip. Remove the strip, place a bent wire or paper clip 
in the hole, and suspend In a drying oven at 110 0 for about 3 minutes. Re- 


move, and spraj the entire strip lightly with a solution of ninhydrin con- 
tained in an atomizer.* Replace in the oven and dry for about 4 minutes. 

With a pencil, mark the edge of the solvent front on the strip, and encircle 
any colored spots present. Mark the approximate center of each spot. Meas- 
ure the distance from the original spot where the solution was applied to the 
edge of the solvent front and to the center of each colored area. Calculate the 
ltr value lor each colored spot, where R, is the ratio of the distance traveled 
bj the material in the spot to the distance traveled by the solvent. How do 
>our values compare with those given by Rockland and Dunn (glycine 0.49; 
aspartic acid, 0.25)? Trom the volume of solution used, and the molar con- 
centration of amino odd. calculate the actual amount of amino add sepa- 
rated and identified by this procedure. 
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Do not overlap the edges, but allow the staples to serve as links Stand the 
c> Under upright, with the applied spot at the bottom, in a 10 cm petri dish 
filled to a depth of about 0 5 cm with a suitable solvent (see below) Cover the 
assembb with a bell jar or battery jar, preferablj with a tightlj fitting glass 
plate as a base Allow to stand until the solvent has risen to within a few 
centimeters of the top of the cylinder Remove from the petri dish, drj 
qmcklj in an oven, and unroll Remove the staples, turn the paper so that 
the circled spot is in the lower right corner, and make a new cjlinder as 
before Place upright in a petri dish containing a second solvent, cover with a 
bell jar, and let stand as before When the solvent has risen to within a few 
centimeters of the top of the paper, remove from the petri dish and drj 
quicklj in an oven Unroll, spraj the dried paper uniformly with ninhjdrin 
solution, and dry as described under Exp 1 Circle the colored areas with a 
pencil line to mark the spots, since the colors will fade in a few daj s 

Tr> this experiment with solutions of various amino acids and with various 
solvents Suitable solvents* include (1) water-saturated phenol (Exp 1), 
(2) a mixture of 70 parts n-propanol and 30 parts water, (3) a mixture of equal 
parts of.2,4,6 collidine, and 2,4 lutidine to which one third volume of water 
is added, (4) a mixture of tert butanol, water and 85% formic acid in the 
proportions of 69 5 29 5 1 0, (5) water saturated phenol made alkaline With 
1% concentrated NHiOH How do jour results compare with those shown in 
the frontispiece? 

3 Detection of Glutamate in Canned Foods An interesting use of the pro- 
cedure described in Exp 1 has been described bv Patton and Foreman 10 for 
the detection of added sodium glutamate in processed foods Sodium gluta- 
mate is an approved flavoring agent which maj or maj not be added to 
canned foods such as chicken soup Tr> the procedure of Exp 1, using fluid 
from commercial canned chicken soup or meat sauce As a control, run 
an 0 03 M solution of sodium glutamate As a second control, glutamate 
maj be added dlrectlj to the solution under test Do y our results indicate the 
presence of glutamate in the food tested? 

4 Column Chromatography Experiments illustrating the use of column 
chroma tograph> will be found In Chapters 7 and 10 
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EM'ERIMENTS ON CHROMATOGRAPHY 


I One dimensional Paper Chmmatoiraph 1 * For demonstration purposes 
solutions of ammo acids will be chromatosraphed In this experiment ine 
amino acids will he located on the filter paper by reaction with nlnhydrln to 
filve a purple color Solutions of fitydne, aspartic acid, and a mixture ol 
fily cine and aspartic acid, all 0 03 M, will be used If desired, a fourth solution 
containing either or both amino acids can be used as an unknown 

Cut strips of Whatman No 1 filter paper to the dimensions 13 5 X 1 8 X 1 0 

cm Pierce a small hole in each strip, in the center and about 4 mm from the 

broad end This will be used for hanging the strips during the drying process 
To minimize contamination, avoid touching the strips with the fingers 
For each solution under examination, draw a portion Into a capillary plp et 
having a very fine tip * and apply the tip of the plpet quickly and lightly to a 
filter paper strip at the center and about 6 mm from the narrow end By 
this procedure a volume of approximately 0 2 ^1 of solution Is deposited on 
the paper to form an area which should not be In excess of 1 5 mm in dlam 
eter Circle the wet area with a light pencil line and allow to dry Prepare a 
separate strip for each solution under examination 

Place approximately 0 5 ml of water saturated phenol 7 in the bottom of a 
6 Inch test tube Using one tube for each strip, Insert the narrow end of the 
treated paper strip Into the phenol solution in such a way that the strip does 
not touch the walls of the tube except at the top Stopper the tube with a 
soft cork Allow to stand undisturbed at room temperature for 2 to 3 hours 
or until the solvent has ascended by capillarity to within about 5 mm of the 
hole at the top of the strip Remove the strip, place a bent wire or paper clip 
In the hole, and suspend In a drying oven at 110® for about 3 minutes Re- 


move, and spray the entire strip lightly with a solution of nlnhydrln con 
tained In an atomizer * Replace In the oven and dry for about 4 minutes 
a pencil mark the edge of the solvent front on the strip, and encircle 
any colored spots present Mark the approximate center of each spot Meas- 
ure the distance from the original spot where the solution was applied to the 
edge of the solvent front and to the center of each colored area Calculate the 
Rr value for each colored spot, where R, is the ratio of the distance traveled 
by the material In the spot to the distance traveled by the solvent How do 
>our values compare with those given by Rockland and Dunn (glycine, 0 49 
aspartic acid, 0 25)? From the volume of solution used, and the molar con- 
cerrtrstiaa at am, 'no acid, calculate the actual amount of amino acid sepa 
rated and Identified by this procedure 
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Do not overlap the edges, but allow the staples to ser^e as links. Stand the 
cylinder upright, with the applied spot at the bottom, in a 10-cm. petri dish 
filled to a depth of about 0.5 cm. with a suitable solvent (see below). Coxer the 
assembly with a bell jar or battery jar, preferably with a tightly fitting glass 
plate as a base. Allow to stand until the solvent has risen to within a few 
centimeters of the top of the cylinder. Remote from the petri dish, dry 
quickly in an oven, and unroll. Remove the staples, turn the paper so that 
the circled spot is in the lower right corner, and make a new cy Under as 
before. Place upright in a petri dish containing a second solvent, cover with a 
bell jar, and let stand as before. When the solvent has risen to within a few 
centimeters of the top of the paper, remove from the petri dish and dry 
quickly in an oven. Unroll, spray the dried paper uniformly with ninhydrin 
solution, and dry as described under Exp. 1. Circle the colored areas with a 
pencil line to mark the spots, since the colors will fade In a few days. 

Try this experiment with solutions of various amino acids and with various 
solvents. Suitable solvents 9 include (1) water-saturated phenol (Exp. 1); 
(2) a mixture of 70 parts n-propanol and 30 parts water; (3) a mixture of equal 
parts of.2,4,6-coliidine, and 2,4-lutidine to which one-third volume of water 
is added; (4) a mixture of ferf. -butanol, water and 85% formic acid in the 
proportions of 69.5:29.5:1.0; (5) water-saturated phenol made alkaline with 
1% concentrated NH4OH. IIow do your results compare with those shown in 
the frontispiece? 

3. Detection of Glutamate in Canned Foods. An interesting use of the pro- 
cedure described in Exp. 1 has been described by Patton and Foreman 10 for 
the detection of added sodium glutamate in processed foods. Sodium gluta- 
mate Is an nppro\cd flavoring agent which may or may not be added to 
canned foods such as chicken soup. Try the procedure of Exp. 1, using fluid 
from commercial canned chicken soup or meat sauce. As a control, run 
an 0.03 M solution of sodium glutamate. As a second control, glutamate 
may be added directly to the solution under test. Do > our results indicate the 
presence of glutamate in the food tested? 

4. Column Chromatography. Experiments Illustrating the use of column 
chromatography will bo found In Chapters 7 and 10. 

OSMOTIC PRESSURE 

Membranes which permit the passage of molecules of the solvent but 
not of the molecules or ions of a substance m true solution arc know 11 a* 
scmipermcablc membranes One type of semi permeable membrane is made 
by depositing copper fcrrocyamdc in the walls of a porous porcelain cup 
If such a cup is Kilt'd with a solution of sugar in water and is then im- 
mersed in water, the sugar molecules cannot pass through the membianc 
The water molecules however, permeate readily and the level of the solu- 
tion in the cup will rise. The pressure that must be exerted upon the volu- 
tion within the cup to prevent any increase in volume is a measure of the 
osmotic pressure of the solution The magnitude of osmotic pressure is 
indicated by the fact that a 10 per cent solution of cane sugar at 2o° C. has 
an osmotic pressure of 7.0 atmospheres 

WhatCN er may be the fundamental cause of osmotic pressure there is no 


* and ItorkltnJ Food Hit . t*. 17 (I9i3). 

l * I'niton and larmuui. Food Trek., 4. S3 (1920). 
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inward attraction is that the number of molecules in the surface tends to 
be reduced to a minimum and the surface contracts until its area is tn 
smallest po««iUe for a gt\ en \ olume of liquid This explains the tendency 
of small drops of liquid to assume a spherical form This spontaneous con- 
traction of a liquid surface indicates that there is a certain free energj 
the surface, and that m order to extend this surface bj bringing molecules 
into the surface a certain amount of work must be done in o\ ercoming tn 
attraction of the other molecules in the interior It is customary , m con- 
siderations involving surface force,, to substitute for the free surface 
energj the concept of a surface tendon acting m all directions parallel to 
the surface Thus, if the surface tension of a liquid is y dj nes per cm , the 
work done in increasing the surface area bj 1 sq cm will be y ergs, ana 
the free surface energj of the surface will be y ergs per sq cm 
When two immiscible liquids are m contact with each other, the divid- 
ing surface or interface also contracts spontaneous becau c e each tjTie of 
molecule in the surface is attracted bj its own kind of molecule in the 
interior Thus the interface also possesses a free surface energj , or a sur- 
face tension know n as the mterfacial tension When the interfacial tension 
between two liquids is zero, the two liquids are completelj miscible 
An intimate mixture of two immiscible liquids is known as an emulsion, 
one liquid being dispersed in the form of droplets in a continuous or ex- 
ternal phase of the other liquid Emulsification is facilitated bj the pres- 
ence of substances called emubifjnng agents, which minimize the tendenej 


of the droplets to coalesce Among the most effectn e of such agents are 
substances which low or surface tension, such as soaps, proteins, bile salt®, 
etc The action of bile salts in lowering surface tension is an important 
aid in the emulsification and digestion of fats in the intestinal tract 


Emulsions mas be of either the oil-in water or the water in-oil tjT>e, 
depending upon which liquid is the continuous phase Sodium soaps, 
which are more soluble in water than m oil promote the formation of 
oil-in-watcr emulsions , calcium or magnesium soaps, w hich are oil-soluble 
promote the formation of water-m-oil emulsions This has been offered as 
an explanation for certain antagonistic effects of >>a+ and Ca^ ions on 
the phj sical state of protoplasm 
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2. Determination of Relathe Surface Tension by Drop Method. The surface 
of a liquid tends to contract 60 as to produce a minimum area. When flowing 
through a small opening it therefore tends to form drops which fall away 
when gravity overcomes the surface tension. The number of drops formed 
from a given weight or volume of fluid varies, therefore, with the surface 
tension. 

Procedure. Set up a Traube stalagmometer as in Fig. 3 so that the whole 
may be immersed in a constant-temperature bath. For approximate com- 
parative results an ordinary 1- or 2 -ml. plpet clamped 
in a vertical position may be used, regulating the out- 
flow by the use of the finger or a piece of rubber tubing 
with attached screw clamp so that discrete drops are 
formed at a uniform rate. Fill it with water above mark 
A. When the level of the water falls to this mark, start 
counting the number of drops that fall until mark B Is 
reached. By means of the scale divisions abo\eond below 
A and B (knowing how many divisions correspond to a 
drop), fractions of a drop may be estimated. If y repre- 
sents the relative surface tension of the liquid tested, 

Niv the number of drops of water, N the number of drops 

Njr * S 

of the unknown, and S Its specific gravity, y — — — — • 

Determine the surface tensions of water, of a very dilute 
soap solution, and of olive oil, cleaning the instrument 
thoroughly between tests, and rinsing several times with 
the solution tested before taking readings. Olive oil has 
a lower surface tension than water. Soaps markedly 
lower the surface tension of aqueous solutions. 

3. Determination of Surface Tension by Ring Method Tig 3 Stalagmom- 
of Dti JVoiiy. 3 * * * * * * * 11 The drop method for determining sur- eter 

face tension described in Exp. 2 Is a static method 

So also Is the measurement of the rise of fluid in a capillary tube. The oscll- 
latlng-jet method is a d> namic method in that new surfaces are constantly 
being formed. All methods give practically concordant results in the case of 
pure liquids, but not in the case of solutions. 1 * Du Noil} has suggested a static 
method based on the measurement of the force required to overcome the 
adherence of a platinum ring to the surface of the liquid in question. The 

apparatus consists of a platinum ring hanging from a lever arm which can be 

raised bv applying torsion to the wire to which it is fixed. The torsion is 

measured on a scale which can be calibrated directly in dynes per cm., the 

absolute unit of surface tension. Determinations of surface tension by this 

method may be accurately made on 1-ml. portions of fluid in 20 to 30 seconds. 

The method is nartlcularlv useful In nlivsIntnrtlMl stnillp« 11 Th* siirfnc** ton . 
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auction but that it appears to be, for substances in solution, analogous 
to tbe pres- ure of gaseous mole ulus. Thus 1 gram-molecular 'vci^t ol 
an ideal gas at 0’ C and in a volume of 1 liter exerts a pressure of Z- * 
atmospheres; 1 gram-molecular weight of an ideal nonelectrolyte in solu- 
tion under the same condition® has an osmotic pressure of 22.4 atmos- 
pheres. Furthermore under ideal conditions osmotic pressure is, like ga3 
pressure, directly proportional to the ab-olute temperature and to con- 
centration, and is independent of the chemical nature of the dissolved 
material. Thus equimolecular concentrations of all nonelectroMes have 
the same osmotic pressure, or are iso®motic. It is therefore possible to de- 
termine molecular weight by the measurement of osmotic pressure, and 
this procedure has found considerable application in biology. 

The osmotic pressure of electrolytes is considerably higher than that 
of equimolar solutions of n on el ect rolytes, since an ion is theoretically as 
effective o=mot5cally as a molecule. For example, a solution of NaCl con- 
taining Na 4- and Cl" ions should have twice the osmotic pressure of an 
equimolar solution of nonelectrolytcs such as glucose or urea. By actual 
measurement it is usually found that the osmotic pressure of electrolyte 9 
is somewhat less than the expected value, presumably because of differ- 
ences between the osmotic effectiveness (adirily) of the ions and their 
concentration. Tlie relation between ion concentration and activity must 
1*; considered in any calculation of osmotic pressure for solutions contain- 
ing clectrolj to. 

A colloidal particle is as effective o^moticallj* as a molecule or ion. Col- 
loidal solutions therefore have very low osmotic pressures compared to 
equal weights of Bubrtances in true solution because of the large «ize and 
relatively small number of particles present Colloidal osmotic pressures, 
although small, are nevertheless very important in biology, since colloids 
do not ordinarily diffuse through membranes and only substances which 
arc impermeable to a membrane ordinarily can influence the osmotic flow 
of fluid across the membrane. For example, the osmotic pressure of the 
blood colloid* is only about 0A of 1 per cent of the total orniotlc pressure 
ytt tho Uood coIlwds l>ec °roc the determining factor in the flow 
of fluid by «x*mo“is wtomi tho-e physiological w |,u are freelv 
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follow; but for practical reasons associated with the enormous pressures 
concerned and the difficulty in obtaining a truly seraipermeable mem- 
brane, other methods are usually employed for all except colloidal solu- 
tions. These methods make use of those other physical properties of solu- 
tions which, like osmotic pressure, depend upon the number of dissolved 
particles (e.g., vapor pressure, rise in boiling point, or depression of freez- 
ing point of the solvent). An aqueous solution with an osmotic pressure of 
22.4 atmospheres, for example, has a freezing point 1.86° C. below that of 
pure water, with other values in direct proportion. The freezing-point 
method is by far the most widely used in investigations on osmotic pres- 
sure in biological fluids. 

EXPERIMENTS ON OSMOTIC PRESSURE 

1, Demonstration of Osmotic Pressure of a True Solution ( Cane Sugar). Pre- 
pare a dialyzing bag similar to that described on p. 10. Tie the mouth of the 
bag to a one-hole rubber stopper. With a plpet fill the bag with a 10 per cent 
solution of cane sugar. Insert a glass tube (about 30 cm. long and of 1 to 
2 mm. bore) through the hole in the stopper until the end dips below the sur- 
face of the fluid in the bag. Blow gently through the tube to create a slight 
positive pressure In the bag. Support the bag In a large beaker of water with 
the glass tube In an upright position and the level of fluid in the bag and 
beaker approximately the same. Observe the rise of fluid in the glass tube. 
Ultimately the sugar will diffuse through the membrane and the solution 
level in the tube will fall, but meanwhile the existence of an osmotic pressure 
will be demonstrated. Copper ferrocyanlde membranes deposited in porcelain 
cups are truly semlpermeable, and are necessary’ for quantitative determina- 
tion of the osmotic pressure of true solutions by this method. 

2. Demonstration of Osmotic Pressure of Colloidal Solutions. The bag em- 
ploy ed Jn Exp. 1, or a similar one, may' be used and the determination Is made 
in the same way. The highest point of the column is generally reached in 
five or six hours. Membranes of this type are not permeable to proteins, so a 
true measure of their osmotic pressure may be obtained. The pressures at- 
tained, however, are very much lower. A 1 per cent solution of gelatin may 
give a rise of 25 to 50 mm. 

3. Ostnotic Pressure of Red Blood Cells. Add a drop or tw o of blood to 5 ml. of 
each of the following solutions: 0.3, 0.9, and 5.0 per cent sodium chloride. 
Examine each suspension under the microscope. Explain the findings. Cal- 
culate the molar concentration and approximate osmotic pressure of each 
of the three solutions. What Is the osmotic pressure of the rcd-cell contents? 

Repeat, using the following solutions: 0.16 M sodium chloride, 0.32 M 
urea, and 0.32 M urea containing 0.16 M sodium chloride. Observe os above. 
Calculate the osmotic pressure of these solutions. Which arc isosmotic with 
the red cell? Which are isotonic? Explain. 

SURFACE TENSION 

The molecules in the interior of a liquid arc surrounded by other mole- 
cules on every hide and are thus .subject to uniform attractions in even' 
direction. On the other hand the molecules in the .surface arc attracted 
inward and hv other molecules in the surface, hut there is little attraction 
out wan! Imvaum* there arc s<> few molecules outside. The result of this 
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ston of a resting surface of serum diminishes on standing (time drop) due to 
the gradual accumulation of surface active substances (see p 22) This phe 
nomcnon has been investigated b> Du Nou> '< Using this apparatus, deter- 
mine the surface tension of the liquids tested In Exp 2 and compare the re 
suits obtained bj the two methods (see Fig 4) This apparatus has been 
modified to permit the measurement of Interfacial tension between two 
liquids “ 
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and “oil” phases of protoplasm has . attracted considerable attention. 
It is not surprising to find that substances which are predominantly lip- 
ide-soluble are concentrated in the various fats and oils of living tissues. 
The presence of fat-soluble vitamins in various fish-liver oils is an ex- 
ample, as is also the reported concentration of the insecticide DDT in the 
fat of milk obtained from cows exposed to DDT-contaminated area's. The 
action of drugs has been studied in relation to vater-lipide distribution. 
According to one theory, the relative lipide-solubility of various drugs is 
of importance in determining penetrability of such drugs into, and action 
upon, such tissues as the brain and nerves, which are relatively rich in 
lipide material. In connection with such theories however it must be re- 
membered that the physical nature of the so-called oil phase of protoplasm 
has not been too clearly defined. There are relatively few tissues other 
than adipose and similar tissue where discrete fat droplets are found 
within the cell. The iipide material of brain and nerve tissue is not fat or 
oil but consists of phospholipides and similar compounds (see p. 290) 
which are dispersed within the primarily aqueous phase of the cell in a 
way which is not entirely clear, but is known to involve intimate associa- 
tion with the proteins and other water-soluble constituents of the cell. 
The extent to which the distribution of a drug or other substance between 
water and peanut or olive oil, as determined in the laboratory, is applica- 
ble to the complex environment of the living cell remains to be more 
clearly defined. 

The distribution of dissolved material between immiscible solvents has 
many practical applications. Widespread use is made of such nonaqueous 
solvents as ether, chloroform, and benzene for the extraction from biolog- 
ical material of lipides, fat-soluble vitamins, various organic acids, and 
„ other similar substances. An important advance in the use of solvent dis- 
tribution for the isolation and characterization of substances of biological 
importance has been made by Craig 16 in devising his procedure for counter - 
current distribution. In this procedure the material under examination is 
subjected to a unique and systematic series of extractions by an immis- 
cible solvent in a sequence of extraction vessels or tubes in such a way 
that various substances become separated and distributed among the 
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of impurities Countercurrent distribution has found ivide application in 
the isolation and characterization of biologically aetne substances, com- 
parison of natural and synthetic compounds, and establishment of the 
purity of drugs and similar substances An experiment illustrating the 
principles involved is described below. 

EXPERIMENTS ON DISTRIBUTION OF DISSOLVED 
SUBSTANCES BETWEEN LIQUID PHASES 

Countercurrent Distribution. 1. This experiment is designed to Illustrate 
the principles of Craig’s countercurrent-distribution procedure for the Isola- 
tion and identification o! substances in solution. A study will be made of the 
distribution of propionic acid between 2 2 Af phosphate buffer at pJI 5 2 
(aqueous phase) and Isopropyl ether.* 7 
Set up nine 25-mi. graduated cylinders with tightly fitting glass stopper*, 
and number them from 0 to 8. Place 15 ml. of water-saturated isopropyl 
ether 1 * Into each tube into Tube 0 place 0 2 ml. of propionic acid. Now add 
7.5 ml of phosphate bufler to Tube 0, stopper, and invert 50 times. Alio* 
the layers to separate. Remove the lower layer as completely as possible 1 * 
and transfer It to Tube i. Add 7.5 ml. of fresh lower phase to Tube 0. Stopper* 
equilibrate by inverting both tubes 50 times as before, and allow the phases to 
separate. Transfer the lower phase of Tube 1 to Tube 2, the lower phase of 
Tube 0 to Tube 1, and add 7.5 ml. of fresh lower phase to Tube 0. Again invert 
all tubes 50 times. Continue the transfer of lower phase from each tube to 
the succeeding tube, the addition of fresh lower phase to Tube 0, and the 
equilibration, until all nine tubes have equal volumes of both phases. The 
distribution Is now completed within the limits of the number of tubes used. 

During this experiment, the volumes of the two phases should be noted 
occasionally, particularly that of the leading lower phase, and any deficit 
made up by the addition of fresh lower or upper phase as required, so that the 
ratio of phases Is maintained at 2-1 In each tube To facilitate equilibration 
between transfers. It is convenient to clamp the cylinders or tubes to a hori- 
zontal rod which can he turned with a crank. Such a device is Illustrated In 
Fig. 5 In place of the glass cylinders, test tubes or separatory funnels may be 
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drops of 1 per cent alcoholic phenolphthalein solution to each flask, and ti- 
trate with 0,01 N NaOH solution to the first permanent pink color. As a con- 
trol, titrate 2 ml. of fresh upper phase in the same way. Subtract the buret 
reading for the control from that for each tube. Plot milliliters of alkali 
required for each tube against tube number, on cross-sectionpaper, and draw 
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uppcr-pte* volume to lovcr-pto , olume. , e„ r - 2 0 Ilm* <Soc your value am- 
Diet- With the v aluc of 0 SO estimated by Sato el cl ? , ^ t 

Another method for calculating the value of K is baaed on the fact that the ra 1 
the concentrations of substance analyzed for in any two tubes is related to 
follows 


where Ts and Ts - 1 refer to the amounts of mat* nal (or aliquots thereof, since ra > 
are concerned) found in tube A’ and in the tube immediately preceding it in e 
countercurrent distribution F is a factor, differing for each tube, 11 with the following 
values in this experiment* A' «■ 2, F « J4t A* ** 3, F — %, A r ■■ 4, F — JV ** ^ 
F M ; Y - G, F - % Again replacing K by 1/A'r for reasons already gi\en, 
the equation as applied here is: 


Using this equation, calculate K when N equals 2, 3, 4, 5, and G Average your results 
llow do they compare with the value obtained above 7 

2- Repeat this experiment using (a) acetic acid ( K = 0.09) and (b) butyric 
acid (K •* 2.24). How do the curves and calculated results compare with those 
for propionic acid? 


HYDROGEN-ION CONCENTRATION 
Acids and Bases: Hydrogen-ion Concentration and Titratable 
Acidity. Acids may be defined as compounds which yield positively 
charged hydrogen ions” in solution; bases, as compounds which yield nega- 
tively charged hydroxyl ions in solution Strong acids, such as HC1, are 
completely ionized at all concentrations; they therefore have a hydrogen- 
ion concentration which is equal to the concentration of acid present 
Weak acids, such as acetic acid, exist m solution largely in the molecular 
or undissociated form, and have a hydrogen-ion concentration under ordi- 
nary conditions which is small relative to the total acid concentration. A 
similar distinction is made between strong bases and weak bases. Alost 
neutral salts arc considered to be completely ionized in solution. 

\\ hen acids react with bases a double decomposition occurs which re- 
sults in the formation of a salt and water, as m the following equation. 

IIA = 1I + + A- 
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Such reactions, known as neutralization reactions, go to completion be- 
cause the water formed during the reaction is itself so feebly ionized that 
its formation leads to the removal of practically all of the hydrogen and 
hydroxyl ions from solution. The amount of base required to neutralize a 
definite volume of acid (i.e., the titratable acidity) depends entirely upon 
the concentration of the acid and is independent of its degree of dissocia- 
tion. This fact becomes evident upon study of the above equation. As the 
base is added some of the hydrogen ions in the solution combine with the 
added hydroxyl ions to form water, and are thus removed from solution. 
This removal of hydrogen ions disturbs the equilibrium between the un- 
dissociated molecules of acid and its ions, and more of the acid dissociates 
in an attempt to restore this equilibrium. If sufficient base is added this 
process will continue until all of the acid has been dissociated and neu- 
tralized. This will be the case irrespective of whether the acid was origi- 
nally highly ionized or feebly ionized — i.e., whether it was a strong acid 
or a weak acid. On the other hand, the hydrogen-ion concentration of an 
acid — i.e., the actual amount of free hydrogen ions present in the solution 
at a particular time — depends not only upon the concentration of the 
acid but also, for weak acids, upon the degree of dissociation. Thus the 
hydrogen-ion concentration of normal hydrochloric acid, which is 100 per 
cent ionized, is approximately 100 times as great as the hydrogen-ion con- 
centration of normal acetic acid, in which less than 1 per cent of the mole- 
cules are dissociated. As indicated above, however, equal volumes of 
normal hydrochloric and normal acetic acids will be neutralized by exactly 
the same amounts of base. In other words the titratable acidities of these 
acids, or the amounts of hydrogen ions which they are capable of yielding 
on complete dissociation, are the same. The preceding discussion of the 
hydrogen-ion concentrations and titratable acidities of weak and strong 
acids applies just as well to the hydroxyl-ion concentrations and the 
titratable alkalinities of weak and strong bases. 

Chemical Equilibrium: Ionization Constants. According to the 
law of mass action a reversible reaction of the type 

A + B?=tC-\-D 


proceeds from left to right at a velocity (vi) which is proportional to the 
product of the concentrations of A and B — i.e., t?i = ki U1 [B], Similarly, 
the opposite reaction takes place at a rate ( v 2 ) proportional to the product 
of the concentrations of C andD — i.e., v* = ki [C] [D]. At equilibrium the 
velocities in opposing directions arc equal, and hence fci [A] [£] = kt [Cl [£] 

or j ~ = K. This expression of the law of mass action states that 

for a reversible reaction the ratio of the product of the concentrations of 
the reacting substances on one side of the equation to that of the product 


of the concentrations of the substances on the other side is constant. 
That is, 


[C][D] _ 
\A][B\ ~ K 
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Applying thii to weak acids, HA, pinch ,on,zo according to the equa- 
tion, HA ♦=* H + + A", me find that at equilibrium 


PI+ltA-1 

tHAl 


=* K a 


In this ease the equilibrium constant, since it measures the equilibrium 
between the undissociatcd molecules of icid and its ions, is known as 
dissociation constant, K, For weak bases, similarly, the dissociation con- 
stant of the base BOH Is given by , 


[B+llOHj 

IBOH1 


-K b 


From the above equations it is readily seen that the larger the numeric 
\ alue of the dissociation constants, the more completely the acid or bas 
is dissociated — i e , the stronger the acid or base 

An acid solution is one that contains an excess of hydrogen ions An 
alkaline solution is one that contains an excess of hydroxyl ions A neu 
tral solution is one that contains hydrogen and hydroxyl ions in equa 
concentrations Pure water is a neutral solution It is dissociated to an 
extremely small extent according to the equation 


11,0 s± H+ + OH- 


Apply ing the law of mass action to this dissociation we get 
1H+11QH-) 
m.oi K 

Since the concentrations of H + and OH- m pure water or in dilute 
aqueous solutions are so small compared w ith the concentration of un 
dissociated water molecules, the concentration of the latter, [HjOl, m a ' 
lie considered as constant, and the equation then becomes IH + ] X (oHi 
= A HI ,01 — Kw In other words, the ■product of the concentrations of the 
II and OH ions is constant The \alue of K w at 25° C has been found to 
be 1 X lO" 1 * That is, [H+l X [OH~l = 1 X 10"“ In pure water, for 
every hy drogen ion set free a hydroxyl ion must al=o be liberated so that 
the concentrations of the two ions remain equal — that is [H+l = [OH'f 
therefore, \ \V) X lOH ~l * [H+? « [OIl'p = l x Then [H+}~ 
lOIl 1 - VI X 10-" = 1X 10~ 7 Thus pure water or a neutral solution 
wm°^S OXiraa V lly , 1 X moles**- of Hot Oil ions per liter 1 and.sa 
1/10 000 000 normal solution of II or OH ions 
llydrogi n ion concentrations arc now generally expressed, for practical 

i “ thcir logarithm. with the sign reverb 

and indic ated by the term pH Thus^pH = - log [ H+l, or [H+l * HT'" 
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The logarithm of 1 X 10" 7 is —7.0 and the pH is 7.0. To take another 
example, the hydrogen-ion concentration of 0.1 N HC1 is 8.3 X 10“ 2 . The' 
logarithm of the product of two numbers is equal to the sum of their re- 
spective logarithms. In this case, then, log (8.3 X 10 2 ) = log 8.3 + 
log 10 -2 (consulting table of logarithms 21 ) = 0.92 + (—2) = —1.08. The 
pH, being the negative log of the hydrogen-ion concentration, equals 
—(*—1.08) or 1.0S. To convert pH values to hydrogen-ion concentrations 
the procedure is reversed — e.g., in the case of pH 1.0S, the [H + ] — 10 -1 03 
= 10~ 2+0 91 = 10“ 2 X 10° 9S . The logarithm of a number is the power to 
which 10 must be raised to give the number, hence the value of 10 0>92 is 
obtained by looking up the number whose logarithm is 0.92 (i.e., antilog 
0.92). This is found to be 8 3. pH 1.08 is therefore equal to a [H + ] of 
8.3 X 10-*. 

Since the product of the H and OH ion concentrations is constant at 
1 X 10" w , when the [H + ] increases from 1 X 10 -7 (pH 7.0) to 1 X I0~ 4 
(pH 4.0) the [OH~] decreases to 1 X 10 -10 (pOH 10.0). The sum pH T- 
pOH always equals 14. According to this nomenclature an increase in pH 
indicates a decrease in hydrogen-ion concentration or true acidity. 

Since the hydrogen-ion concentration varies in a definite reciprocal 
manner with hydroxyl-ion concentration, the pH scale is universally used 
to express degrees of alkalinity as well as of acidity, as indicated in the 
second column below. 


Normality of [H + l 

pH 


pOH 

Normality of IOH - ) 

N/10 

1 

>» 

13 


N/ 1,000 

3 


11 


N /l, 000, 000 

6 

< 

8 


N/ 10,000,000 

7 

Neutrality 

7 

N/ 10,000,000 


8 

& 

6 

>.71.000,000 


11 

£ S 

3 

N/1,000 


13 


1 

N/10 


^Buffer Action and Buffers, buffer action is meant the ability of 
-solution to r esist marked change m^p HT on the addition or los s oi acid 
7~T)ase7~SGbslan ces whose presenceTn the solution a re responsifileTo r 
>uffer action are known as buffer^T hough strop g~acids or bases may 
omctimes act as buffers, under ordinal conditions the most common 
lasis for buffer action lies in the presence within the solution of a weak 
,cid -(or weak base) together with its salt. Such solutions have charac- 
eristic properties with respect to hydrogen-ion concentration which are 
>f value not only in the laboratory but also in the firing organism, and an 
inderstanding of these properties is of fundamental importance. 

If we take for example a solution containing a weak acid, HA, and its 
salt, BA, the hydrogen ions in the solution can come only from the 
lissoemtion of the acid molecules The dissociation equilibrium of the 


u See Appendix. 
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acid h giten by the equation ^Irr- 1 = K ‘, » described previously. 

11 , [HA] 

From this it follows that the hydrogen-ion concentration [H+] - Ka j A -j 
F or a weak and, which is relatively little ionized, the difference between 
the concentration of imdiv«ociated acid molecules [HA] and the tow 
acid concentration {Acid} is wnall This difference becomes even less u 
the presence of a ralt of the acid, f-ince the salt ions A~, by a mass actio" 
effect, repress still further the dissociation of at id molecules. Thus in * 
mixture of salt and acid we can substitute the total acid concentration 
[Acid) for the quantity [HAJ, with very little error. Similarly the con- 
centration of acid ions A" derived from the dissociation of the acia 
molecules is \ery small compared to that furnished by the salt 13 A vbict 
is completely dissociated into B 4 " and Ar ions, po that wc may considei 
the value of [A - ] to be determined primarily by the salt concentration 
Although the salt is completely dis-xxnated, because of the existence o 
interionic forces the effects e concentration of salt ions, [A - ], is some 
what less than the actual salt concentration. The ratio between these tw 
quantities is, however, sensibly constant over tlie range of concentration 
that ordinarily comes into question, so that we may say [A~J equal* 
fcfSalt). Substituting /.-[Salt) for [A") in the above equation, and com- 
bining constants, wc obtain the expression 


[ll+l = K 


, [Acid] 
4 [Salt) 


This equation tells us that the hydrogen-ion concentration of a solution 
containing a weak acid and its salt is determined by the value of K'a f? r 
the acid and by the ratio of acid concentration to salt concentration in 
the solution While usable in the form given, it is more convenient 
convert it into terms of pH rather than of [I I-*) If the logarithm of both 
rides of the equation is taken, and the signs reversed, we obtain: 

- log IHH - - log K'j - log 14^1 
[halt] 

Now - log [II 4 ] has already been defined as equal to pH. In an analo 
grnw way and for similar reasons we can define a term p K’ A as equal t< 

~ lof l K ‘- aml vre can replace the ncguUvc expression - log b; 

& [SaltJ 

its equivalent, the poutive express™ log’ll. Substituting the* 
Various terms in the oIkjvc equation, we obtain: 
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particular acid, and by the logarithm of the ratio of salt conccntr ition 
to acid concentration m the solution Tor example, the xalue of K' A for 
acetic acid is approximately 1 8 X 10~ 5 , or 10" 47 The p K'a for acetic 
acid is therefore 4 7, and the pH of an acetic-acid-sodium-acctate buffer 
is gi\ cn by the equation 

__ . _ , _ (Sodium acetate] 

pH = 4. + log — , Ace tic acid] " 


When {Sodium aeetate] = ( Acetic acid] the pH is 4 7, since the ratio of 
salt to acid is 1, and log 1 = 0 By \ ary ing the proportion of salt to acid 
in the mixture the pH will xary oxer a range of approximately 1 5 pH 
units beloxx and abo\ e the p K\ \ alue — l e from pH 3 2 to pH 6 2 
Outside of this range the equation is not applicable for this particular 
system To cox er other pH ranges other weak acids with suitable p h' A 
xalues are selected, so that by this means it is possible to prepare buffer 
solutions of almost any desired pH This procedure is illustrated in the 
section on the pieparation of pH standards which follows 

In addition to their x alue in the preparation of solutions of known pH, 
buffer solutions possess another property of fundamental importance m 
the living organism, namely the ability to resist marked changes m pH 
on the addition of small amounts of strong acids or bases It has been 
pointed out by Van Sly ke that if a small amount of strong acid such as 
HC1 is added to blood winch contains se\eral buffers the resulting 
hange m pH in the direction of increased acidity may be only 1/1,000 of 
hat which would have occurred if the blood w ere unbuffered The action 
if a buffer solution in minimizing the effect on pH of added acid or base 
nay be xasuahzed as follows 

When base is added to the mixture the excess hydroxyl ions are re- 
noxed by the hydrogen ions coming from the acid, which combine with 
hem to form water Upon the addition of acid the excess hy drogen ions 
rom the added acid are remoxed by the salt ions which combine with 
diem to form more molecules of the relatixely un ionized weak acid The 
reactions mx olx ed are as follows 


Buffer f Acid HA H + + A - on addition of base, OH" + H + H«0 
Mixture {Salt B V B + + A" on addition of acid H + + A" -> HA 

Thus the addition to a buffer solution of small amounts of base results 
merely in the production of more salt ions at the expense of an equix alent 
amount of the weak acid present the addition of acid similarly results 
in the production of more x\ oak acid at the expense of the salt The pH of 
the solution must meiitably change, but this change in accordance with 
the demands of the IIcnderson-Hasselbalch equ ition is due to a change 
m the xalue of the logarithm of the ratio of «*alt concentration to acid 
concentration which numerically js quite small m comparison to the 
concentration of II + or OH" ions added to the solution 

It is obxious from what has just been said that the more concentrated 
a buffer is the ‘•mailer w ill be the change m pH on the addition of a gi\ cn 
amount of strong acid or base — j e the greater will be the buffer power 
of the solution Furthermore, if for example acid is added to a buffer solu- 
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tion m an amount greater than that equivalent to the buffer salt present, 
the buffer capacity of the system will be exceeded and its ability to 
function as a buffer will disappear, since it mil no longer consist of a 
mixture of buffer salt and acid Another property of buffer solutions 
which is also evident from inspection of the Henderson-Hasselbalch equa- 
tion, is that they maj be diluted considerably without appreciable change 
in pH, since the pH depends upon a concentration ratio rather than upon 
concentration itself 

The abov e discussion has been based entirely upon a consideration of 
buffers containing weak acids and their salts An entirely analogous 
derivation can be made for solutions containing weak bases and their 
salts 

Preparation of Standard Buffers of Known pH. Tig G indicates 
how standard solutions of definite hydrogen ion concentration may be 
made up from a series of stock solutions, mixed in definite proportions 
The stock solutions indicated on the chart were suggested by Sprensen 
and are as follows 0 10 Is HC1 0 10 Is NaOH, 7 505 g glycine plus 
5 85 g NaCl per liter, 11 876 g ISTa-HPOi 2H s O per liter, 25 9 078 g 
IxH-POi per liter 21008 g citnc acid in 1 liter of 0 20 N jSaOH, 
12 404 g bone acid in 1 liter of 0 10 1C ISaOH The other solutions are 
0 20 2C sodium acetate and 0 20 N acetic acid Solutions of known h> dro- 
gen ion concentration are prepared from these by mixing m the propor- 
tions indicated in Fig 6, the abscissas representing parts of the relatively 
more alkaline constituent Thus a mixture of sev en v olumes of the sodium 
acetate stock solution with three volumes of the stock acetic acid solution 
gi\ es a mixture with a hy drogen ion concentration of 1 X 10~ 5 (pH 5 0) 
The mixtures are most satisfactory through the ranges where the hy 
drogen ion concentrations change most gradually — that is through the 
flatter portions of the curves The phosphate mixtures covering the range 
5 3 to 8 0 are especially useful in biological work The standard buffer 
solutions of Clark and Lubs, described below, are arranged to differ by 
even increments m pH instead of m component solutions, and are quite 
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0 2 M IvCl add the indicated number of ml of 0 2 > HC1 and dilute to 
200 ml Indicator th> mol blue 



Group 2 To o0 ml of 0 2 M acid potassium phthnlate add the indi 
cated number of ml of 02 J* HCl and dilute to 200 ml Indicators 
thj mol blue and brom phenol blue 



Group 3 To jO ml of 0 2 M acid potassium phthalate add the inch 
cated number of ml of 02 N NaOH and dilute to 200 ml Indicators 
brom phenol blue brom cresol green and brom cresol purple 



Group S f To oO ml of 0 2 M acid potassium phosphate add the indi 
cated number of ml of 0 2 \ ‘NaOH and dilute to 200 ml Indicators 
brom cresol purple brom thj mol blue and phenol red 
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pH 

IsaOH 

pH 

ISaOH 

pH 

JsaOH 

pH 

NaOH 

5 8 1 

3 72 

6 4 

12 60 

7 0 

29 63 

7 6 

42 80 

6 0 ' 

5 70 ' 

6 6 

17 80 

7 2 1 

35 00 

7 S | 

15 20 

C 2 

8 60 

6 S 

23 6o | 

7 4 

39 50 

S o ! 

•JG 80 


Group 5 To 50 ml of 0 2 M boric acid m 0 2 M RCl add the indicated 
number of ml of 0 2 Is IxaOH and dilute to 200 ml Indicators cresol red 
and thj mol blue 


pH | 

KaOH 

pH 

NaOH 

pH 

NaOH 

pH 

JsaOH 

7 8 i 

2 61 

S -1 

8 50 

9 0 j 

21 30 

9 G 

3G 85 

8 0 

3 97 

S 0 

12 00 

9 2 

20 70 

9 S 

40 SO 

8 2 

5 90 

8 8 , 

36 30 

®* . ! 

32 00 

10 0 

43 90 


Theory of Indicators, Indicators maj wniallv be regarded os weak 
orgamc acids (or bases) whose un-ionized molecules exhibit one color 
whereas their anions (or cations) po^css a different color In the ease of 
an indicator which behaves as a weak acid, for example, we have the 
following equilibrium reaction 

H Indicator ^ H + + Indicator - 
(Color A) (Color 0) 

Applying the law of mass action to this ionization of the indicator acid, 
we get 

[H+J [Indicator - ! __ [H + ] _ [H Indicator] 

[H Indicator] ’ ° r K ' [Indicator] 

where K' is called the apparent dissociation constant of the indicator 
The color imparted to a solution by the indicator depends upon the 
relative proportions of the two forms of the indicator present m the 
solution, and this, in turn, depends upon the ratio fH+l/iv' Since K' is a 
fixed number, specific for each indicator, the color formed wall depend 
upon the hj drogen ion concentration of the solution In the case of 
brom cresol green, for example, K f = 10 -4 , the undissociated molecules 
are 3 ellow while the anions are blue Tor this indicator, therefore, the 
above equation may be written 

[H + ] _ [Yellow molecules] 

10 -4 " ~ [Blue ions] 

If brom cresol green is added to a buffer solution who^e hv drogen ion 
concentration is 10 -4 7 (i e , is numerical!} equal to the v alue of K' for 
the indicator), then according to the above equation the concentrations 
of vcllow molecules and blue ions m the solution must be equal In this 
case therefore the solution will assume the green color which results when 
equal numbers of these jellow and blue particles are mixed together 
If, on the other hand, the indicator is added to a sencs of solutions whtv?c 
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hydrogen ion concentrations are progressively greater tlian > 
as the hydrogen ion concentrations increase the proportion J I ^ 
molecules to blue ions in these mixtures Mill also 'aorcase Vl y 
hydrogen ion concentration of about 10 a 8 (pH - 3 8) the y 
longer detect the presence of blue ions in the mixture At tins p 
solution exhibits the yellow color of the undissociatcd indicator molecules 
and further increases in hydrogen ion concentration \ull not produce anj 
perceptible changes in color Similarly in solutions whose hydrogen i 
concentrations are less than 10* 47 the blue amons predominate and w 
the hydrogen ion concentration decreases a point is reached -where it is 
the yellow molecules which no longer can be detected in the mixture 
At this pH (approximately 5 4) the solution exhibits the blue color of the 
indicator ions and further reduction in hydrogen ion concentration pro- 
duces no perceptible change in the color Thus m solutions having a p 
between 3 8 and 5 4 the indicator exists as a mixture of yellow molecules 
and blue ions and the relative amounts of each of these substances in th< 
mixture and the colors formed vary with the hydrogen ion conccntra 
tions of the solutions In tins range therefore brom crcsol green can b< 
used to determine the pH of an unknown solution by comparing the colo 
formed with the colors produced when the indicator is added to a scric 
of standard buffer solutions of known pH In solutions whose pH is les 
than 3 8 or more than 5 4 however the eye can detect the presence c 
only one form of the indicator and variations in pH are no longer accon 
pained by visible changes in color The pH of such solutions therefon 
cannot be determined by means of this particular indicator Since eac 
md cator has its own value for K it follows that for each indicator thei 
is a definite range of hydrogen ion concentration in which the indicati 
exists as a mixture of the ionized and un ionized forms and in whu 
variations in hydrogen ion concentration will be accompanied by visib 
changes in color The problem of determining the pH of an unknow 
solution by means of indicators depends therefore upon the selectu 
of an indicator whose effective range includes the pH of that particul 
solution 

Uses of Indicators Both the concentration of free hydrogen ions ir 
solution and its titratable acidity (or alkalinity)— i e the total amou 
of hydrogen (or hydroxyl) ions which the solution is capable of yieldi 
on complete dissociation— may be determined by the use of proper in 
cators Tor the latter determination the solution is titrated with standi 
alkali or acid m the presence of an indicator which serves as an index 
the end point of the reaction The indicator used for this purpose shoi 
be one which gives a shaip color change when an equivalent amount of ' 
standard and or alkah ha, been added It at th , point the reaction 

M .l l'. T 13 pr ? ct, “ ly " cutral ( pH 7 > an indicator changing cc 
at nl out tins reaction (litmus or rosohe acid) would be suitable On 
other band it w add 20 ml of 0 1 It JvaOH to 20 ml of 0 I N acetic s 
idroU B » nR -n!e‘l™r " 111 be " 0t n , cutral but rathCT 8l ‘stitly alkaline dui 
u^tome n 'o i IT “ C ' ta " ! t ? rn ’ od W ' 11 rcact '"‘ h ™tcr to , 
is awrak an , c<pma! "'t amount of acetic and Acetic . 

a weak and and will dissociate tew hydrogen ion, but NaOH 
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strong base and dissociates completely, liberating OH ions w hich, being 
in excess, cause the solution to be alkaline In titrating weak acids such as 
acetic and most other organic acids it is therefore necessary to use an 
indicator which changes color in a slight!} alkaline medium Phenol- 
phthnlem has been found to be suitable For similar reasons the titration 
of weak ba*es such as ammonia necessitates the use of an indicator which 
changes color in an acid medium Methyl red and alizarin red are often 
used in such cases If a strong base such as NaOH is titrated with a strong 
acid such as HC1, almost any common indicator maj be used, because 
one drop of 0 1 N solutions of these will throe the hydrogen-ion concen- 
tration so far beyond that of neutrality as to pass the turning point of 
an\ of these indicators (Tor further discussion see electrometric titration 
method, p 50, and titration cun es, Tig 11, p 50) 

In making use of indicators for determination of hy drogen-ion concen- 
tration, the first problem is to choose an indicator whose effective range 
includes the pH of the unknown solution That is, the indicator used must 
be one which, when added to the unknown solution, wall exist as a mixture 
of both the ionized and un ionized forms, so that the color will be char- 
acteristic of the pH After selection of the proper indicator the unknown is 
treated with a measured volume of this indicator and the color obtained 
is compared with those produced w hen the same amount of indicator is 
added to a senes of buffer solutions of knowai hydrogen -2 on concentration 
The pH of the unknowm is considered to be the same as that of the buffer 
solution which yields exactly the same shade of color For use in the 
determination of the hydrogen-ion concentration of a solution an indi- 
cator is selected which show s a satisfactory gradation in color through the 
range m question, which is not readily affected by the presence of neutral 
salts or other substances likely to be present, and the color of which does 
not fade too rapidly The ranges through which a number of indicators 
may be used with satisfactory results for the determination of hy drogen 
ion concentrations are indicated in Fig 6 The sulfonphtlialem senes of 
Clark and Lubs is especially brilliant and reliable 

EXPERIMENTS ON DETERMINATION OF 
HYDROGEN-ION CONCENTRATION 

1 Colorimetrtc Determination of Hydrogen-ton Concentration The first 
step In this procedure is to determine the approximate pH of the unknown 
solution so that a suitable indicator may be selected Treat a small (about a 
I-ml ) portion of the unknown solution with 1 drop of an indicator* 7 solution, 

17 Indicators maj be obtained in powder form or m prepared solutions from LaMoite 
Chemical Products Co W A TajlorandCo or Hjnson Westcott and Dunning all of 
Baltimore Md 0 04 per cent solutions of all of the Clark Lubs series at indicators are used 
Tor mans purposes 0 04 per cent solutions of tl e indicators in 95 per cent alcohol maj be 
u«cd Clark and Lubs prefer to use aqueous solutions of the alkali salts To prepare tl cse 
stock solutions rub 0 1 g portions of drj powder in an agato mortar with the following 
quantities of OOo N JsaOlI phoi ol red 5 7 ml brom phenol blue 3 0 tnl cresol red or 
mein crc*>ol purple 5 3 ml thj mol blue 4 3 ml brom th> mol blue 3.2 ml brom cresol green 
2 9 ml chlor phenol red 4 7 ml If exact equn alenta are not desired solution is more readilj 
obtained bj using 1 1 equualents of \aOIJ W hen solution is complete dilute to 25 ml with 
water Dilute portions of tl esc stock sol ltions ten times to get 0 04 per cent solutions Other 
ind cator solutions maj be ma fe up os follows \fizann jellow It (p-mtrobcnxcne-azo-sali 
c>bc acid) mcthjl orange tropacolm O tropaeolm 00 and tropaeolm OOO in 0 01 per 
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lies within the effective tan 6 e of this indicator and it may be u»«d 'or t 
colorimetric determination o! pH a. described below. If on the other h 41 1 
unknown shows either the full acid or full alkaline color with <h. ^ 
selected, it is unsuitable and another Indicator must be tried n a aim 
manner, until an indicator has been found whose effective ranfic includes in 
pH of the unknown solution. 

When the proper Indicator has been selected, look up the eflectlvc pi 
of this Indicator (see chart, p. 34. or table, p. 381). Into a series of clean test 
tubes of clear (preferably pyrex) glass of uniform Internal diameter (a ® u 
mm.), measure 10-ml. portions of standard buffer solutions covering 
range, preferably in steps of 0.2 pH unit. Add 10 drops (0.5 ml.) of In ca 
solution to each tube and mix. Prepare a 10-ml. portion of the unknown so ° 
tion in a test tube similar to that containing the standards and with the sam 
amount of added indicator. Compare the unknown against the standards, 
using a comparator block (Fig. 7). The pH of the standard most close f 
matching the unknown Is the pH of the unknown. It should be possible to 
Interpolate between standards, thus attaining a precision of 0.1 pH unit, 
the standards differ by 0.2 pH. 

For approximate orientation in the preliminary trials, suitable use m»> 
be made of the ordinary laboratory indicators (litmus, phenolphthalein, 
methyl orange — see Fig. 6), but the final choice of indicator should be based 
upon trial with those indicators which have been specially selected for use in 
the colorimetric determination of hydrogen-ion concentration. In this con- 
nection it is well to remember that thymol blue has two effective pH ranges 
(1.2 to 2.8, and 8.2 to 9.8), the alkaline color for the first range as welt as the 
add color for the second range being obtained with some solution having » 
pH between 3 and 8, such as dilute acid potassium phosphate solution. In 
measuring out the indicators the dropping pipet should be held perpendicu- 
larly so that drops of constant size are obtained. In measuring out buffer 
solutions with a pipet the latter should not be blown out and if used for an- 
other solution must first be rinsed very thoroughly with distilled water from a 
flask which has not been blown through (because of the COj In expired air).* 1 
Color comparisons should be made m a good light using a sheet of whit£ 
paper as a background. 

If the stock solutions of Sorensen are used, 10-ml. portions of standard 
solutions may be made up from these as required. The stock solutions are 
measured from burets and the proportions required for a certain pH may be 
found In Fig 6. Let us suppose that the unknown solution has been found to 
have a pH within the range of phenol red (6 6 to 8.2). This range is covered by 
the Phosphate buffer mixtures. Measure out 5 ml. of the acid phosphate and 5 
h!V°i 'Ll*! i Phosphate, mix, and add 10 drops of indicator. If the same 
* V 0b '" Cd a * wlth V* e unknown, consult the chart. It will be found that 
£ ? re , 3 P " ° f 6 8 3nd the pH of the unknown must also 

be 6.8 If the same tint Is not obtained on the first attempt make other trials 


mu per cent in CO per cent^lrohnl 8 *^!!^^ solution in 50 per cent alcohol Neutral r< 

rbenSpMhalem OC^t ^ ^ ~ nt » 6 *** «nt alcoh 
** For the standard* it la best totLe bottle,^ A * ol . ,tmin m a iaeotu solution- 
used b> more than one peraoT buU^^ vL V** £?***” C3rr >' Mml P>P®ts '* h 
person, bulbs imj he used to fill the pi pets. 
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using proportions of 4 6, 3 7, etc For other ranges of pH use other indicators 
and other buffer solutions in the same manner 

If the unknown solution possesses a color of its own either of two proce 
dures may be resorted to The first method is to add to the standard, before 
any Indicator is added, enough inert coloring matter to match that in the 
unknown and then add Indicator to both 18 A better method which may also 
be applied to moderately turbid solutions was suggested by Walpole The 
comparator shown in Fig 7 is used 30 The colored fluid plus indicator is placed 
in a test tube in hole 3 and the standard solutions for comparison on each 
aide in holes l and 5 Then opposite the standards in holes 2 and 6 are placed 
tubes containing the colored unknown 
solution without added indicator and in 
hole 4 a tube containing water only Com- 
parison is made through the apertures A, 

B, and C 

2 Colorimetric Determination of Hydro 
gen-ion Concentration Without Use of 
Buffer Solutions » This procedure is most 
simply carried out using indicators chang- 
ing from colorless to a single colored form 
such as phcnolphthalein or the nltro 
phenols Within the effective range of the 
indicator, the depth of color varies with the 
pH and depends upon the amount of dis 
sociated Indicator present The amount of 
completely dissociated indicator required 
to give the same tint as the unknown is a measure of the pH of the latter The 
standards are made up by adding measured amounts of indicator solution to 
portions of solution in which the indicator gives its maximum color (com 
plete dissociation) 

To 10 ml of unknown solution in a test tube add 1 ml of indicator solu- 
tion ** To another tube (the standard) add 9 ml of a solution giving the 


* Solutions suitablo for this purpose include Bismarck brown tropaoolin O and tropaco- 
hn 00 m 0 02 per cent aqueous solutions cotton blue 0 01 per cent methj 1 violet 0 002 
per cent methjl orange 0 01 per cent all in water curcuminc 0 02 per cent in GO per cent 
alcohol and hchmthm II 0 01 per cent in SO per cent alcohol 

30 A comparator mnj bo made b> boring 6 holes in pairs in a block, of soft wood tl o paired 
holes being as close together a3 possible and just largo enough to hold ordinary test tubes 
Smaller holes are then bored perpendicular to these Stain black w ith nn alcol ol wood stain 
A sheet of ground glass placed between the light source and the tubes is helpful 
11 Michnclis and G\omant Rioehem Z 109 165 (1920) 

33 MichaeUs suggests the following indicators 



Name 

Compoei/ion 

pK 
18° C 

Range 
of pH 

Stock Solution of 

In Iwator 

0 Pinitrophenol 

l-ox> 2 G-dinitrobenrol 

3 fO 

2 2-4 0 

0 1 g 300 ml 11,0 

(v-Dmitrop) pno! 

l-oc\ 2 4-dmitraben*<»l 

4 0G 

2 S -4 3 

0 1 g 200 ml 11x0 

Dmitropl ei ol 

l*ox> 2 5*dmitrobcn*ol 

5 15 

4 0 5 5 

0 1 g -00 ml 11,0 

p-Nitro; hei ol 


7 IS 

5 2 7 0 

0 1 g 100 ml HiO 

m Nitropl enol 


8 33 

C 7 S 1 

0 3 g 100 ml 11,0 

Phenol; hth&lcio 


9 73 

S 5~W 5 

0 Ol g 30 m) a} co- 





hoi +70nl IIxO 
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mm.mum color ** *. indicator (e.g^, 

cator solution diluted ten times . same volume as the 

color Is obtained which on diluting tie 6 " nown . if the first standard does 

unknown (11.0 ml.) r Uh V^ °L th ', rr,™aV“.:,.d indicator 
not exactly match, make a second one; .( more than 2 ml. ol a 

are needed, repeat, using undiluted Indicator. 

Calculation. 

C 

pH = pK' + 1°£ TT 77; 


where pK' is ft constant for the indicator (consult table) and C 13 flf dl j u ted 

of indicator added to the standard, expressed on an undiluted basis lf R , 7 _ 18) 

indicator were used (0 l ml of undiluted) and the indicator is p-mtrophenol tp 
we have pH - 7.18 + log - 7 18 + (log 0 1 - log 0 9)= 7.18 + l” 1 ~ 

— 10)) - 7.18 — 0 95 «* G 23. A chart giving values of log \~Z~C 13 convenient * 
making calculations ” 


Other Colorimetric Methods for Determining Hydro£en-ion Concentra ti * 
The method without huiTers may also be applied to two-color Indicators ( 
lesple). In this case each standard consists of two tubes set one behind 
other in the Walpole comparator. One tube contains for example a kno 
amount of phenol red In alkaline solution (red) and the other in acid solut o 
(yellow). Ry varying the proportions any shade of this indicator may be o 
tained. For further details, see Clark. 

Indicator paper (“Hydrion,” “Accutlnt,” etc.) may also be used for t 
determination of pll. Such paper Is convenient and sufficiently accurate 1° 
many purposes. 


3. Comparison of Il)dro£en-ion Concentration and Titratable Acidity . 
Determine colorimetrically the hydrogen-ion concentration of a 0.01 N solu- 
tion of hydrochloric acid using thymol blue as an Indicator and of a 0.01 ** 
acetic acid solution using hrom creso! green as an Indicator. Note the great 
difference between the true acidities of the two solutions. 

Titrate 10-ml. portions of 0.01 N hjdrochlorlc acid and of 0.01 N acetic 
acid with 0.01 N NaOlt, using phenolphthaleln as an indicator. Note that 
Identical results are obtained for the titratable acidities of the two. 

(11) Mix equal portions of M/15 potassium dlhjdrogen phosphate and M/* 3 * 5 
dUodlum phosphate (see chart). Note that the mixture Is practically neutral 
to litmus. Titrate one 10-ml. portion of this mixture with 0.1 N NaOII. usiuft 
phenolphthaleln as an Indicator. Titrate another portion with 0 1 N HC1 solu- 
tion, using meth)l orange. Explain results. 
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electrometric determination of hydrogen-ion 
CONCENTRATION 

Electrode Potentials. If an excess of solid glucose is placed in water, 
some of the molecules of the solid, being in a continual state of vibration, 
escape into the liquid. As the molecules of glucose in solution accumulate, 
some of them collide with the particles of solid and are retained. An 
equilibrium is finally* established in which there is a balanced exchange of 
molecules between the solid and the solution. At this stage the solution is 
saturated with glucose and the solution pressure of the solid is said to be 
equal to the osmotic pressure of the dissolved substance. 



Tig. 8. Diagram or Relations at Surface of a Metal Dipping into 
Solutions Containing Its Ions in Different Concentrations 

(P =» solution pressure of the metal, p = osmotic pressure of metallic ions.) 

If a strip of metal (electrode) is dipped into water, it also tends to dis- 
solve owing to its solution pressure, P. The metal goes into solution as 
positive ions leaving its electrons (presumably less firmly bound valence 
electrons) behind as a negative charge on the electrode. This charge, by 
attracting the positive ions of metal already in solution, builds up an elec- 
trical double layer at the interface between electrode and solution which 
opposes the entrance of anj* more positive ions into the solution, and the 
process of solution ceases therefore when this charge becomes large enough 
to prevent the further separation of positive ions from the metal. Al- 
though equilibrium is established before a measurable quantity of the 
metal dissolves, since the charge on each ion is comparatively large, a 
measurable potential difference is developed between the electrode and 
the solution. 

When a metal is dipped into a solution of one of its salts the conditions 
are somewhat altered because the positive ions of the metal already in 
solution oppose the separation of more ions from the metal. The point of 
equilibrium therefore will depend upon the relative values of the two 
oppWng forces: the solution pressure (P) of the metal ami the osmotic 
pressure (,>) of its ions in solution. Wc may therefore distinguish three 
possibilities (sec Fig. 8) ; ' 
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1 p > p In this ease the metal continues to send positive ions into the 
solution until the accumulated charges oppose further action The metal 
thus acquires a negative charge relative to the solution 

2 P < p In this case the positiv e ions in solution deposit on the me 

yielding to it their positive charges, until the accumulated charges 0PP° 
further deposition The metal thus acquires a positive charge relatue to 
the solution , 

3 p c p In this case there is neither solution nor deposition ana 

potential difference develops between the metal and the solution 

\crnst has shown by thermodynamic reasoning that the potentia 
difference between a metal and a solution of one of its salts is given > 


RT, P 
E = — p In - 
nr p 


where E = electrode potential R = gas constant = 8 31G joules per de- 
gree, T = absolute temperature, n = valency of metal ion F =* faradaj 
= 90 500 coulombs P = solution pressure, and p = osmotic pressure 
of metal ions in solution (The sjmbol “In” stands for the natural 
logarithm ) 

I rom this equation it liecomes e\ident that, since RT/F is a constant 
for any given temperature the magnitude and sign of the electrode poten 
tial f , is determined bj n and P, which depend solely upon the nature of 
the metal used, and p which is a function of the concentration of metal 
ions in solution If therefore we have two electrodes of the same metal 
dipping into solutions of different concentrations the tw o electrode poten 
tinls will be different And if we make suitable connections 14 between the 
twoclcctrodcsand the tw o solutions an electrical current will pass from one 
electrode to the other, the electromotive force of which will be equal to 
the difference between the two electrode potentials — i e 


Ei — Lt 

RT. Pi RT , Pi 

3 n m p 111 

nF pi nF p t 

m in 

nf 

-"JlnH! 
nf p, 


(In Pi - In Pi - In P, + In p,) 

same metal) 


M osmotic pressure is regarded as proportional to 
replace pi and pj b> Ci and cj and get 


concentration, wc ma) 
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An arrangement such as here described is know n as a concentration cell, 
and the abo\ e equation permits us to calculate the concentration of metal 
ions m an unknown solution from the electromotive force developed when 
that solution is combined m a cell with a similar solution of known ionic 
concentration It should be noted that the concentration calculated bv 
the use of the abov e equation will be that of electromotn ely active ions, 
w hich is not necessarily the same as that obtained by ion conductn lty or 
other means Tor a further discussion of this point the reader is referred 


to Clark 

The Hydrogen Electrode. A strip of platinum coated with platinum 
black and saturated with hydrogen gas, acts exactly as the metal elec- 
trodes described above when dipped into a solution containing hydrogen 
ions We can therefore construct a concentration cell by dipping two such 
electrodes into tw o solutions of different hy drogen ion concentrations, 
and, if the concentration of hydrogen ions m one solution is kept at a 
known constant value we can use the electromotn e force developed by 
such a cell to calculate the hydrogen-ion concentration in the second 
unknown solution If the concentration of hydrogen ions in the known 
solution is normal the equation for the electromotn e force becomes 

E ~ ~ In By substituting the values for R, T n, and F at 25° C 
and multiplying by 2 303 to change from the natural to the common 


system of logarithms, we get E — 0 059 log r^-r or E = 0 059 (— log 

[H J 

(H + l) Hydrogen ion concentrations following the comention mtro 
duced by Sorensen, are usually expressed m terms of pH by definition, 


pH ■ 


■ log [H + ] Therefore, E — 0 059 pH or pH = 


0 059 


In practice it is convenient to use, instead of a hy drogen electrode in a 
normal solution of hydrogen ions , a calomel electrode which has been 
standardized against such a solution A calomel electrode is made up of 
mercury in contact with calomel in a solution of potassium chloride, the 
latter being either normal, tenth normal, or, more often, saturated The 
normal hydrogen electrode is approximately 0 25 volt more positive than 
the saturated calomel electrode* 5 so that the difference of potential be- 
tween the calomel electrode and the unknown wall be 0 25 volt greater 
than that between the latter and the normal hydrogen electrode There- 
fore, using the saturated calomel electrode at a temperature of 25° C , 

pH — — o 059 ^ ^ c ma ^ reat ^ ^ directly in ' °lts on a \ oltmetcr, or by 

me ms of a potentiometer, so that the calculation becomes very simple 
Variations of pH with E may be plotted in the form of a curie In some 
instruments the voltmeter is graduated to read pH directly 

Regardless of the t\ pcs of electrodes, used in the chain, the measurement 
of C must be conducted by means which do not entail an appreciable flow 
of current from the sy stem, because such a flow mtroduc cs polarization 


*‘T1 is figure \anrs with the temperature and with tl e concentration of HC1 solution in 
tl e calomel electrode («oo * nines for h a in tl c tal 1c on p 4S) 
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dluts at the electrodes The potcnUometnc method^ .toll} 

parotus as « nsualH found m anv laboratory, and serres 



umic DbTrRMiSATiON op Htdrogen Ion ConcFn 
tration (Mmion or Hiu>k«ram ) 

If M tbf hv tiro Ren electrode C the calomel elec 
trwle I a\oltmetrr C a Rah anometcr H a rheostat 
<1 Of IteaVer containing the unknown foltition and 
II a c< nnfftmx \c«!«e| 


th« principles of the electrometric method Hit u«c of a potcntiom 
Hv-ti-vd of the \ohmeter indicated inerea.ses the accuracj or the detei 
nation ami is to Ik; prt ferred 


Defcrm/noffon of Hydroten ion Concentration by Hildebrand’s Meth 
Set up the apparatus a* Indicated In Fig 9 The battery may be an ordi 
dr> c«U The eott meter I ahould bare a range of I 2 polta and scale diet* 
to * %\ %ott The portable galea no meter C ahould hare a aen*ltMt> < 
U*»t one megohm A capillary electrometer may be used In place o) 
taV.ant.mem The xheo.tat R ma> be » tubular wire rheo.tat haelnft at 
1S4 turn* ol »lf* Kl.a contact key for opening and closing the circuit 
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the calomel electrode 88 H is a hydrogen electrode of the Hildebrand type 
especiallj suitable for solutions not containing protein The Clark electrode 
is a type frequently employed in biochemical work and may be used with a 
shaking device to assist in obtaining equilibrium rapidly. 

The essential part of the hydrogen electrode Is the piece of platinum foil 
which Is to dip Into the unknown solution This must be given a spongy coat 
of platinum black so that it will retain as much hydrogen as possible and 
must be saturated with hydrogen just before use 89 

The unknown solution Is placed in beaker A The calomel electrode is 
clamped in place, as also is the prepared hydrogen electrode A stream of 
hydrogen 40 is passed through the side arm of the hydrogen electrode so that It 
bubbles up through the solution at the rate of about two bubbles per second 
Beaker B contains saturated KC1 solution The connecting tube contains 
saturated KC1 made up in warm 3 per cent agar and allowed to solidify in the 
tube This prevents syphoning between B and A 

Stir the solution well an automatic stirring device is best for this purpose 
Move the sliding contact on the rheostat until the voltage drawn from the drj 
cell is equal to that produced m unknown solution This is indicated by the 
fact that no current passes through the galvanometer when the contact key 
K is pressed down, and there is therefore no deflection of the needle Until a 
balance is reached the spring contact key should be closed only momentarily 
b> a slight tap At the balance point read the voltmeter 
Calculation of pH See the discussion preceding Determination At 25° using 
saturated calomel electrode pH = (J5 — 0 246)/0 059 If for example the voltmeter 
reads 0 652 then pH = (0 652 — 0 246) /0 059 * 7 0 and the solution possesses a 
neutral reaction Corrections for different electrodes and temperatures are gi\ en in the 
following table This apparatus should have an accuracy of about 0 1 pH Test the 
apparatus first, using buffer solutions of known pH 41 


Calomel Electrode Place about 3 ml of carefully purified mercury in the bottom of the 
electrode vessel Hub together mercurj and mercurous chloride (calomel) with a little Bat 
urated KCl solution to form a paste Place a laj er of this paste about a half inch thick over 
the mercury and fill the vessel to the end of the side tube with saturated KC1 solution If it 
is desired to make a normal or tenth normal calomel electrode corresponding solutions of 
KCl should be used instead o{ the saturated solution It is convenient to make a permanent 
connection between the upper side arm and a reservoir bottle containing KCl solution Bj 
running a iittte of the solution through the calomel cell before each senes of determinations 
the side arm may be washed free from materials that may have diffused up into it The stop- 
cock of this electrode should be tight but should not be greased A typical calomel electrode 
IS shown in C Fig 0 

** Clean the platinum electrode thoroughlj with chromic acid Connect with the negative 
pole of a drj cell and connect another strip of platinum with the positive pole Dip both 
in a dilute (2 per cent) solution of platimc clvlortde Electrolyze for 10 to 15 minutes fro- 
qucntlj reversing the current Dip into 10 per cent sulfuric acid with the electrode as the 
cathode and let the current run for a feu minutes The platinum is saturated w ith hj drogen 
Wash with distilled water Keep under distilled water when not in use Tl e platinum coat 
should last for sov eral w coks but must be saturated with h j drogen 3 ust before use Instead 
of a strip of platinum a wire al out l mm in diameter slightlj flattened at the end maj he 
used Equilibrium with such an electrode maj be brought about more rapidlj Shorter 
periods of clectrodepo-ution produce electrodes which como to equilibrium more rapidlj but 
uhich are not so permanent 

4 ®H> drogen maj lie purchased In cjlinders or maj be prepared bj electroljsis of an 
NaOH solution or from pure xitic To purifj pass through a wash bottle containing alkaline 
I \rogallol solution and two Ik ttlcs containing water Connect one of these bottles with a 
third tube dq ping below the surface of mercurj in another vessel Tins acts ns a safetj 
W ith gas tanks a gas regulator for adjusting flow is desirable 

4 * \ suitable solution tentl normal with re*»j>ect to both acetic acid and sodium acetate 
ma\ lie u«e | \t 25® with tl c saturated cal >mel electrode tl is gi\ es 0 r >10 volt and with tl e 
0 1 N electrode 0 f I OS volt Mix 50 ml N NaOU and 100 ml N acetic acid with water to 
make 500 ml 
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Stammrd \ alves tor. Calomel 1 lfctrodes 
(It# fern* 1 to the 'Normal H\drogcn Electrode) 


Tti prrai rr 
* C 

ft for Different Concentrations of KCl j 

2303^ 

01 V 

1 Oil 

Saturated 
{ \pprozimale 
Potential) 

13 

0 3390 I 

0 2S04 

0 2^00 1 

0 0a77 

20 

0 3379 ■ 

0 2SG0 

0 2-192 , 

0 OoSl 

2> 

0 3VG 

0 2848 

0 2404 

0 0o91 

30 

0 '1372 

0 2836 

0 2437 

0 0001 

•10 

0 33G0 
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do this is the most frequent cause of error with a pH meter, since the 
calibration may change significantly from time to time, particularly if the 
glass electrode is new or has been allowed to become dry. It is best to 
keep both glass and calomel electrodes immersed in water when not in 
use. The temperature of the solution will also influence the determination 
of pH. In the Beckman pH meter illustrated (Fig. 10), for example, the 
temperature control must be set at the temperature of the unknown solu- 
tion before the reading is made 

The glass electrode is used for determinations of pH in all types of 
biological systems. Since (unlike the hydrogen electrode) it does not cause 



Fiq. 10 Glass-Electrode Apparatus (Beckman). 

Glass electrode shown at right (above) and calomel electrode 
(below). 


is to bubble through the solution, it may be used on systems like blood 
hicli contain dissolved C0 2 . The sample is not contaminated, so that 
io method is especially applicable where the amount of material is 
mited. Electrodes are available which require only a few tenths, or even 
iinclredtbs, of a milliliter of solution for each determination. Hetermi- 
ations with the glass electrode are rapid, and with most instruments the 
c curacy is within 0.05 pH. It may be used on unbuffered, colored, or 
irbid solutions and solutions containing sediments. With the ordinary 
lass electrode, determinations arc accurate up to a pH of 10 or even 
igher, provided the solutions do not contain appreciable quantities of 
odium, lithium, or potassium ions. Sodium ions, especially, c\ert a con- 
idcrablc effect on determinations in solutions with a pH of 9 or above, 
>hcn they are present in a concentration of normal or greater. Corrce- 
ions may be applied in such cases (Dole). Special electrodes have been 
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developed (or use m strongly alkaline soluhons, for solids ouch as cheese 
of Acids and Bases In many 

u «o of indicators in titration is unsatisfactory because of color -or b d ^ 

of solutions to be examined or the presence of buffer “^stances “ 
make the end point uncertain 11, e hydrogen or gla-s ectrodes may 
U'cd ,n such ca-es ,n titrating solutions to a definite acidity or a halm j 
I Ins method also makes it po-ilile to follow the changes macKhtj du » 
the courre of a titration and gives information as to the character o 



Pio 11 Tituati >s Ctnits or Varihr Acit * Ortained by I i fctro - 
wrTRic Mtam hkmknt 

Twenty ml of 0 1 N 1 y Irorl lone an 1 arrtir nc Is u***d I hnujikwjc uetd al* 70 * 
molar Hone aevl rat iratM »srlut on 

ands or hopes in solution borne applications of tliiH method arc illustrated 
in Pig 11 


Procedure The apparatus already described and Illustrated In Pig 9 may b c 
u*ed The unknown aolutlon I* placed in beaker A, into which are Introduced 
both the hydrogen and calomel electrode* Beaker B and the connecting tub* 
are omitted Hydrogen 1« bubbled through the solution and acid or alkali 
added from a buret with. Hiring At interval* read the voltmeter Plotacurr* 
of voltage or pH again*! milliliter, of acid or alkali added Neutralization H 
in Heated by a rapid change of voltage or pH 1)1 or triba.icacid.or base, ma) 
*how two or more *uch change* See the curve for titration of phovphorlc a<* 


The glat» electrode pH meter U 
Special electrode* with long lead* 
ordinary beaker 


particularly aultable for thl* purpov* 
are available for direct titration In a' 


Chap. 1 


Physicochemical Principles 


51 


in [H+3 at the end point is very sharp because, as long as even 0.1 ml. of 
the acid remains unneutralized, the pH is still quite low and 0.1 ml. of 
0.1 N NaOH in excess gives a very large increase of pH. Evidently either 
methyl orange, litmus, or phenolplithalein may be used in the titration. 
With acetic acid however the beginning [H + ] is lower because this acid is 
weakly dissociated. The change in pH is at first fairly rapid because the 
sodium acetate formed yields acetate ions which repress the ionization of 
the acid. As the titration is continued the ionization of the acid is almost 
completely repressed by the larger amounts of acetate formed. When an 
equivalent amount of alkali has been added, the reaction is alkaline owing 
to slight hydrolysis of the sodium acetate to form acetic acid (nearly all 
undissociated) and highly dissociated NaOH. The actual end point of the 
titration is therefore on the alkaline side and phenolphthalein is the proper 
indicator. 

Fig. 11 shows also how it is possible to titrate the first hydrogen of 
phosphoric acid using methyl orange as an indicator and the second using 
phenolphthalein; the third cannot be titrated because the change is too 
gradual. Note also that boric acid cannot be titrated with phenolphthalein 
as an indicator. 

Electrometric Oxidation and Reduction Titrations. When an ion 
is oxidized it loses electrons or negative charges ; when it is reduced it gams 
electrons. Thus when Fe^ is oxidized to Fe +++ there is a loss of one elec- 
tron. The process is therefore similar to that resulting in the loss of an elec- 
tron when hydrogen passes into solution as H + . If a platinum wire is placed 
in a solution containing ferrous and ferric ions, the ferrous ions tend to give 
up electrons to the platinum and the ferric ions tend to take them away. A 
difference of potential will arise depending upon the concentrations of the 
two ions. If an oxidizing agent is now added there will be a change of po- 
tential, slow at first and then very rapid, as the concentration of ferrous 
ions becomes very small compared to that of the ferric ions. This rapid 
change of potential marks the end point of the titration. 

Procedure. The apparatus used is the same as for the electrometric titration 
of acids and bases. The platinum electrode should however be small and 
should not be platinized but be bright, and kept In 1 : 1 HCI when not in use. 
The calomel electrode should be connected to the negative side of the main 
circuit instead of the positive. Instead of a beaker a flask may be used and a 
current of CO* passed over the surface of the solution (not through It) to 
prevent oxidation by the air.” Run in an oxidizing or reducing agent from a 
buret. Readings of the voltmeter are taken at Intervals and at the end point 
a drop or two of solution produces a marked change of potential. 

An electronic pll meter with the glass electrode replaced by a platinum 
electrode may also be used. See the manufacturer’s directions lor the proper 
connection and use. 

The Polarograph. Instead of adding a reactant to the solution and 
using the change in potential at an electrode for quantitative purposes as 


M It desired the voltmeter may bo eliminated. In tins cmo adjust the rheostat so that 
there U no gab anometer deflection at the beginning of the titration. The end point is indi- 
cated by the gnl\ anometer needle Wing thrown off the scale. 
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described above it is possible to apply an external voltage aero® the^ec 
"nd electrolyse the ions by forcing them to react 
At the cathode for example the univalent metallic ion A 
electron < and be reduced to the metallic state 
M+ + < = M 

Under the proper conditions the v oltage required to bring about .such a i r 
action is characteristic of the chemical nature of the ion and th 
resulting from electron transfer may be used as a measure ot the 
tration of the ion 



Fig 12 Typical Polarocram 
Air free solution of 0 001 M CdSO, in 0 1 M Co Cl* 
buffered at pH 5 

From M Oiler J Chtm Edxuation 18 71 (1941) 


The instrument employed to apply a known and \ anable voltage aero" 
the electrodes and to measure the resulting current is called the P°^ ar ^j 
graph (Hcyrov sky) A simple form of polarograph w hich can be assembled 
from equipment available in most laboratories has been described b> 
Mtillcr** 'I he graphical recording of the relation betw cen applied voltage 
and rurxent is called a polarogram (Tig 12) Most commercial polaro- 
graphs' 4 pro\ ide for the continuous and automatic recording of the polaro- 
gram using automatic recorders or photography 

In its simplest form the current-* oltage curve for a particular ion 13 
approximate!} symmetrical around the half wa*c potential which is de- 
U rmtned b , the kind of ion undergoing reduction Lnder the proper con 
unions the wax e height becomes a measure of the concentration of thcion 
C ZTT n rw l uire( l for polar ograpbic anal} sis is quite 

Tf T 10 M , l ° 10 ‘ M undw circumstanced ■» » 

1 1 ml or moro u '» worthy Of note tliat solutions may be re- 
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Carbohydrates 


Definition. The name carbohydrates is given to a class of substances 
which, are especially prominent constituents of plants and are found also 
in the animal body, either free or as components of certain proteins, 
lipides, and other compounds. They are called carbohydrates because they 
contain the elements C, H, and 0, the H and 0 being present in the pro- 
portion to form water. The term is not strictly appropriate inasmuch as 
there are compounds (such as acetic acid, lactic acid, and inositol) which 
have H and O present in the proportion to form water, but which are not 
carbohydrates, and there are also true carbohydrates which do not have 
H and 0 present in this proportion — e.g , rhamnose, CeH^Os. Chemically 
considered the carbohydrates are aldehyde or ketone derivatives of poly- 
hydric alcohols, or condensation products of such substances. The alde- 
hyde derivatives are spokeu of as aldoses, and the ketone derivatives are 
spoken of as ketoses. It is worthy of note that among pure organic com- 
pounds, the one prepared in the largest quantity in the United States is 
sucrose, a carbohydrate. 

Classification. The carbohydrates are usually classified, according to 
the number of simple carbohydrate groups which they contain, as mono-, 
di-, tri-, and polysaccharides. The monosaccharides, which contain only 
a single such group and cannot therefore be hydrolyzed into simpler sub- 
stances, are further characterized according to the length of the carbon 
chain as trioses (CaHeOj), tetroses (C«H«C«), pentoses (CaHjoOs), hexoses 
(CeHisOg), etc. The disaccharides give two molecules of simple sugars 
on hydrolysis and the more common ones have the general formula 
CuHoO,,. The polysaccharides give many molecules of simple sugars 
on hydrolysis and the formula for the more important members of this 
group is (CtHioOs)* where x represents the number of simple sugar groups 
present. In a general way the solubility of the carbohydrates varies with 
the complexity, the more complex being the less soluble. This means 
simply that, as a class, the monosaccharides (hexoses) are the most soluble 
and the polysaccharides (starches and cellulose) are the least soluble. 

The more common carbohydrates may be classified as follows: 

I. Monosaccharides. 

1. Hexoses (C*H«0e). Glucose, fructose, galactose, mannose. 

2. Pentoses (C»HioOs). Arabinose, xylose, ribose, rhamnose 
(methyl-pentose) C«HiaO*, dcoxyribosc (CsHmOO- 

II. Disaccharides (Ci-iI«Ou). 

Maltose, lactose, sucrose, gentiobiose, isomaltose, cellobiose. 

55 
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III Insacchandcs (CuHuOit) 
llaffinobc 

1Y Polysaccharides (CclIioOs)* 

1 Starch Group Starch dextrin, glycogen, inulm 

2 Cellulose Group 

(a) Cellulose 

(b) II emi celluloses 

(1) Pentosans Gum ambit 

(2) Hexosana Galactans, agar-agar, dextrans, lc- 
vans 

(3) Hexo-pcntosans Pectin 

Photosynthesis. It is interesting to note that the bulk of these highly 
complex carbohydrates found in nature, whose structures in many m 
stances are as yet unknown, are Bynthesizcd by plants from such simple 
precursors as water and carbon dioxide Although the mechanism of such 
synthesis is still obscure, it has long been recognized that the synthetic 
process is related to the presence of sunlight and chlorophyll or other 
such coloring matter in the plant 

It is generally agreed that photosynthesis occurs in two distinct phases, 
one involving reactions which proceed in the absence of light {dark re- 
action or Blacl man reaction), and the other involving the presence of 
light and a photosensitive catalyst such as chlorophyll or other pigment 
Opinions vary as to the relative contributions of these two phases to the 
total process, earlier views postulated that carbon dioxide utilization took 
place in the dark, but oxygen evolution was associated with the presence 
of light and chlorophyll More recent views incline to the belief that both 
carbon dioxide assimilation and oxygen production arc dark reactions m 
the sense that they do not fundamentally require light, the function of 
the light being to initiate and maintain the sequence of dark reactions by 
the photochemical decomposition of a suitable bubstancc, possibly water 
itself (see below), in the presence of the photocatalyst chlorophyll or simi- 
lar pigment 

The simplest possible formulation of the over all reaction for the pro- 
duction of a carbohydrate such as glucose (C«H u O,) from carbon dioxide 
and water by photosynthesis is the following 
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by the use of the oxygen isotope 0 18 ( heavy oxygen, see p 983) as a tracer 
indicates that the oxygen evolved dunng photosynthesis is derived from 
the water entering the reaction and not from the carbon dioxide utilized 
Furthermore, the oxygen of the water that is formed is derived from the 
carbon dioxide Hence the reaction is essentially a reduction, water sup- 
plying both the hy drogen required for the reduction aud the oxygen which 
is evolved According to this view the role of water in the photochemical 
process may be visualized as follows 

Hydrogen for reduction 

/ 

H 2 O + Light energy 

N, 

Oxygen 

The availability of carbon dioxide labeled wnth radioactive carbon has 
stimulated research into the mechanisms of carbon dioxide assimilation 
during photosynthesis The results of Calvin and his associates are of 
particular interest m this connection Using various green plants (grains, 
algae), these investigators were able to show that, following a bnef period 
of photosynthesis in the presence of radioactive carbon dioxide, a number 
of compounds containing radioactive carbon could be isolated from the 
plant extracts and identified Paper chromatography (see p 16) proved 
to be of particular value in these experiments As the period of photosyn- 
thesis w as made progressiv ely shorter until it w as reduced to a matter of 
only a few seconds’ exposure to light, the number of different labeled com- 
pounds isolated was reduced until only one substance stood out as a major 
bearer of the assimilated radiocarbon this substance is phosphogly cenc 
acid 

CH 2 OPO,H 2 

I 

CHOH 

COOH 

Phosphoglycenc acid 

Ihe radiocarbon is found more abundantly in the carboxyl group of the 
phosphoglycenc acid than m the other two carbon atoms, this leads to 
the belief that the first step in CO*-uptahe during photosynthesis is the 
condcnsition of CO 2 with some 2 carbon precursor to form phosphoglyc- 
cnc icid The nature of this precursor is not known, the finding of the 
isotope label in the other tw o carbon atoms of phosphoglyccnc acid, but 
to a lesser extent, indicates that the precursor is produced by some cyclic 
process yet to be worked out m wluch phosphoglyccnc acid itself plays a 
pirt v tentitivc cycle involving 0 carbon and 7 carbon sugars as inter- 
mediates h is been proposed, but the details remain obscure. 

Pliosphogly eerie acid is 1 well recognized intermediate m the break- 
down of <urbohydritc by animal tissues (see p 27 o) Indeed, the student 
of animal biochemistry will note 1 striking resemblance between the re- 
actions of pi mt photosynthesis thus far desenbed and those already 
known for carbohydrate met ibolism m animal tissues Furthermore, CO-- 
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assimilation also occurs in animal tissues to a limited but definite extent, 
as discussed in Chapter 33, and there appears to be much in common be- 
tween the processes as they occur in plants and animals. The action oi 
light in photosynthesis remains obscure; according to one view, the light 
energy acts by opening the S — S bond in a compound such as 6,8-thioctic 
acid (a-lipoic acid, see Chapter 35). This would then be the reduction re- 
action mentioned above; how this fits in with the water reaction remains 
to be established. 

It should not be inferred that photosynthesis is of importance solely in 
connection with carbohydrates. Plants also produce nitrogenous and non- 
nitrogenous substances such as amino acids, proteins, and fats, which arc 
of fundamental significance to animal nutrition, and there is no reason to 
believe that the energy of photosynthesis is not used directly or indirectly 
for the formation of these compounds also. 

Spatial Configuration of the Sugars. The triosc glyccrose (also 
called gjyceraldehyde) has one asymmetric carbon atom and therefore 
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light by the compound. If it is desired to indicate the direction of rotation 
for the compound, the symbols (+) meaning dextrorotatory and (— ) 
meaning levorotatory, may be used. Thus a dextrorotatory compound 
with the D configuration may be indicated as d(+), while a levorotatory 
compound with the same configuration has the symbol d(— ). 

As the number of asymmetric carbon atoms in the sugar molecule in- 
creases on going from the trioses to the higher monosaccharides, the num- 
ber of stereoisomers increases in accordance with the vau’t Hoff formula 
2“, where n represents the number of asymmetric carbon atoms. All of 
these stereoisomers which have a configuration identical with that of 
D-glycerose around a suitably selected reference asynmetric carbon atom 
are called d sugars, regardless of their direction of rotation. The reference 
carbon atom is, for sugars containing more than one asymmetric carbon, 
the asymmetric carbon atom farthest removed from the active (i.e.J alde- 
hyde or ketone) end of the molecule. These relationships for the d aldoses 
are illustrated by the preceding chart, in which the reference asymmetric 
carbon atom is indicated by heavy black type In this connection note 
that if the structure is written with the active group at the top it is 
conventional to write the OH group on the right-hand side of the refer- 
ence asymmetric carbon atom for the d configuration and on the left-hand 
side for the l configuration. Naturally occurring sugars are mainly of the 
» configuration; l sugars have, however, been isolated from certain plant 
and animal sources. 


MONOSACCHARIDES 

HEXOSES, C 6 H 12 0« 

The hexoses are monosaccharides containing a chain of six carbon atoms 
in the molecule. They may be either aldoses or ketoses. They are among 
the most important of the simple sugars and occur widely distributed in 
nature, either in the free state or m combination with other molecules, 
from which they may usually be separated by hydrolysis. The most impor- 
tant hexoses biologically are glucose, fructose, galactose, and mannose. 
Of these, fructose is a ketohexosc; the others are aldohexoses The various 
aldohexoses differ structurally from one another solely in the spatial ar- 
rangement of the H and OH groups around certain of the carbon atoms 
in the molecule (see p. 58). This difference may result in markedly 
different physiological properties. As a class the hexoses are extiemely 
soluble, are optically active, and possess certain characteristic general and 
specific chemical properties which are used in their identification and 
determination. 

Glucose 

CHO 

(dlHOH). 

Glucose, also called dextrose or grape sugar, is found widely distributed 
in nature cither in the free state or combined with other compounds. To- 
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gether with fructose, it occurs m the juice of many fruits, and is obtained 
commercially by the hjdroljns of starch It is the sugar found in the 
blood, ■where its concentration normallj is about 0 1 per cent Ordinanl} 
it is not present in the urine except povablj in traces, but appreciable 
amounts are found under certain conditions, such as in diabetes melhtua 
It is dextrorotatory m solution, having a specific rotation of +52 a 
As an aldohcxose it may be oxidized to the corresponding sugar acids or 


reduced to an alcohol 
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Another oxidation product, glucuronic acid, CHO (ClIOH)« COOH is 
of considerable physiological importance, bung found in the urine in com 
bination with certain excrctorj products (see Chapters 20 and 29) 
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In freshly prepared solutions of the usual crystalline glucose the a form 
exists alone, the solution having a specific rotation of -f- 1 On stand- 
ing, however, some of the molecules are slowly transformed into the 0 
form and an equilibrium is finally established between the two forms. A 
trace of alkali hastens the formation of this equilibrium. The specific rota- 
tion of the solution falls as the amount of the /3 form increases until equi- 
librium, with its characteristic specific rotation of + 52 . 5 °, is reached. 
This phenomenon is known as mularolalion. Mutarotation is observed 
not only with glucose but with all sugars which have a free or potentially 
free aldehyde or ketone group in the molecule. 

In addition to the amylene oxide configurations, glucose may exist in 
forms where the terminal carbon atom is linked through an oxygen atom 
to other carbon atoms than the fifth, thus forming ethylene, propylene, 
and butylene oxide rings each of winch may exist in the a and ft forms. 
Of these various forms the butylene oxide form predominates, but there 
is evidence that all of the forms mentioned may exist in glucose solutions. 
These modifications are more reactive than the ordinary amylene oxide 
form and are presumably responsible for the concept of an “active” form 
of the glucose molecule, the so-called 7-glucose. 
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a and p forms, respectively, of butylene oxide structure of D-glucose 

Haworth has pointed out that the amylene oxide and butylene oxide 
rings arc structurally related to pyran and furan, respectively. Normal 
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glucose, using the nomenclature proposed by Haworth and now widely 
1 used, thus becomes glucopyranosc while the butylene oxide form is called 
f ijhtcofurano$c. 
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i x OH H /| 
HO \| ,1/ OH 

cA-ic 

I I 

II OH 

a p glucopjranose 



P glucofuranose 


ray examinations indicate that the five carbon atoms of the pyrano*< 
nng lie in the same plane while the oxj gen atom lies in a different plane 
The II and OH groups arc placed above and below this plane of carboL 
atoms in accordance with the chemical evidence concerning the portions 
of these groups in the sugar molecule 

In common with other reducing sugars, glucose is quite labile to the 
action of alkali V trace of alkali accelerates the attainment of equilib- 
rium between the a and 0 forms Further contact with alkali results m 
the appearance of fructose and mannose m the solution in equilibrium 
with glucose, probablj through the intermediate formation of a common 
cnol tautomer involving the first two carbon atoms Strong alkali (with 
heating) decomposes the molecule completely producing a number of 
smaller fra b mcnts and condensation products which usually give a brown 
color to the solution (Moore s test, now obsolete) 

Glucose is one of the sweetest of the common sugars being excelled onlj 
1>3 fructose and sucrose The following table gives the relative sweetness 
of some of the sugars considering sucrose as 100 
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low) without the preliminary formation of an insoluble hydrazone (man- 
nose, p 75) and in the absence of a positive Resorcmol-Hydrochloric Acid 
Reaction (fructose, p 73) 

I. Solubility Test the solubility of glucose In water and in alcohol if in 
doubt about the solubility of a compound, filter from excess solid and test the 
filtrate for the substance in question, or if the solvent is nonaqueous, allow 
it to evaporate and examine it /or a residue 

2 <x-Naphthol Reaction ( Moltsch ) To 5 ml of sugar solution in a test tube, 
add 2 drops of MoUsch’s reagent (a 5 per cent solution of a-naphthol in alco- 
hoi) Mix thoroughly Incline the tube and allow about 3 ml of concentrated 
sulfuric acid to flow down the side of the tube, thus forming a layer of acid 
beneath the sugar A reddish-violet zone appears at the junction between the 
two liquids Repeat the test, using 5 ml of 0 1 per cent furfural solution in 
stead of the sugar Instead of a naplithol, 3 to 4 drops of a 5 per cent alcoholic 
solution of thymol may be used 3 

The reaction is due to the formation of furfural and furfural deriva- 
tives, such as hydroxymethylfurfural, by the acid acting on the sugar 


HC- 
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HC CH 
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Hydroxymethylfurfural 


The test is thus given by furfural and all furfural-yielding substances and 
is not a specific test for carbohydrates Concentrated solutions of organic 
compounds may give a red instead of a violet color due to the charring 
action of the sulfuric acid In case of doubt the reactiou should be repeated 
on a more dilute solution of the material to be tested 


3 Phen$lhydraztne Reaction To a small amount of phcnylhydrazlne mix- 
ture (about 0 5 inch In a small test tube),* add 5 ml of the sugar solution, 
shake well, and heat on a boiling water bath for one-half to three quarters of 
an hour Allow the tube to cool slowly (not under the top) and examine the 
crystals microscopically (see Plate II) Better crystals may be obtained If the 
tubes are allowed to cool in the water bath 

If the solution has become too concentrated m the boiling process it 
will be light red in color and no cry stab will separate until it is diluted 
with water 

Yellow crystalline compounds colled osazoncs are formed from certain 
sugars under these conditions, each individual sugar in general gi\ mg rise to 
an osazone of a definite crystalline form which is typical for that sugar It 
is important to remember in this connection that, of the simple sugars of 

*Th>mol has the ad\ antaco that its solutions do not deteriorate Like tl e a nnphthol 
test it is also given b> aldchj des and bj acids such as formic lactic oxalic citric etc and 
b> ao» tone The tests are \ erj delicate Items B' cu by solutions of 0 001 per cent glucose 
and 0 0001 per cent sucrose 

* Sco Appendix- 
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interest in physiological chemistry, glucose, fructose, and mannose yield 
the same oaazonc because of similarities in their molecular structures Of 
the various o*azones, it is generally posable to recognize gluco^azone b) 
its crystalline form Maltixazonc may aLo be recognized if it happens to 
crystallize in its most characteristic form Otherwise it may not be pos- 
sible to distinguish it from lactosazone The melting points of the re- 
crystallized osazones may be used as further means of identification, hut 
since they extend over a range of several degrees and are not far apart 
for the different sugars, the determination of melting points is of doubtful 
value * The reaction with glucose is sufficiently delicate to produce under 
favorable conditions a visible precipitate with solutions containing as little 
as 0 01 per cent glucose 

The reaction leading to the formation of gluco azone is indicated b> the 
following equations The intermediate steps between hjdrazone and o=a 
zone are not known with certainty, despite earlier views to the contra*} 
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►, j 0SAZONES. 

Upper form, dextrosazone (gluco^azone), central form, maltosazone, louer form, 
Iactosizone 
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In testing a solution preserved by chloroform i positive reaction may be 
obtained in the absence of sugar I his is due to the fact that the hot alka l 
produces reducing substances from the chloroform 

Ymmonmm salts also interfere with I eliling s test If present in excess 
the solution (e g urine) she uld be made alkaline with \u 2 COj and boiled 
m order to decompose the ammonium salts Prolonged contact with ho 
strong alkali may lead to destruction of the sugar present 

If the solution under examination by 1 chling s test is acid in reaction 
it must be neutralized or made alkaline before applying the test 

b Benedict s Test Benedict modified the behling solution to produce an 
improved reagent which has largely displaced the latter in routine laboratory 
practice The following is the procedure for the detection of glucose in solo 
tion To 5 ml of the reagent' in a test tube add exactly 8 drops of the solution 
under examination Mix well Boll the mixture vigorously for two minutes (or 
place in boiling water for three minutes) and then allow the fluid to cool 
spontaneously (do not hasten cooling by Immersion in cold water) In the 
presence of dextrose the entire body of the solution will be filled with a pre 
cipltate which may be red yellow or green In color depending upon the 
amount of sugar present In the presence of over 0 2 to 0 3 per cent of glucose 
the precipitate will form quickly If no glucose Is present, the solution will 
remain perfectly clear 


Even very email quantities of glucose (0 1 per cent) yield precipitates 
of surprising bulk with this reagent and the positive reaction for gluco'rf 
is the filling of the entire body of the solution with a preeipitate eo that 
the solution becomes opaque Since amount rather than color of the precipi 
tate is made the basis of this test it may be applied even for the detection 
of small quantities of glucose as readily in artifieial light as in daylight 
Chloroform does not interfere with this test nor do uric aeid or creatinine 
interfere to such an extent as m the case of Fehlmg s test 


(NyUmder) To 5 ml ol ,u 6 ar volution In a te.t 
u.« m a h mT ’n ' * rea 6 em* and heat (or live min 

\ b °‘ " nS ^ th The 8 °lnllon will darken !( rednelnS .ufiar 

present and upon standing for a few „ ut __,. ... 7 , „ ar 
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(а) Bi( 0H) 2 N0 3 + KOH Bi(OH), + KNO* 

(б) 2Bi(OH), - 30 -> 2Bx + 3H 2 0 

d. Bar/oed’s Test. To 5 ml of Barfoed’s solution 8 In a test tube, add 0.5 ml. 
of glucose solution and heat to boiling Reduction is indicated by the forma- 
tion of a red precipitate of cuprous oxide. If the precipitate does not appear 
after boiling for 30 seconds, allow the tube to stand for about 15 minutes 
and examine. 

To compare reactions of mono- and disaccharides, place 0.5-ml. portions 
of glucose, fructose, maltose, lactose, and sucrose solutions in each of five 
test tubes, add 5 ml of Barfoed’s solution to each tube, mix, and place in a 
boiling water bath. Note the time when signs of reduction first appear in 
each tube. Continue boiling for 15 minutes, remove the tubes from the bath, 
and note the amounts of precipitate in the bottom of each tube after it has 
been standing for 15 minutes Record your observations 

Barfoed’s test is not a specific test for glucose, serving simply to detect 
monosaccharides Disaccharides wall also respond to the test under proper 
conditions of acidity Also if the sugar solution is boiled in contact with 
the reagent long enough to hydrolyze the disaccharide through the ac- 
tion of the acetic acid present m the Barfoed's solution, a positive test 
results Barfoed's is a copper reduction test, but differs from Fehhng's 
and other reduction tests in that’the reduction is brought about in an acid 
solution It is unsuited for the detection of sugar in urine or in any fluid 
containing chlorides 

e. Tauber and Kleiner Modification of Barfoed’s Test. Introduce into one 
test tube i ml. of an approximately 0.1 per cent solution of the sugar to be 
tested. Put into another tube 1 ml. of water Add 1 ml. of copper reagent 7 to 
each. Heat in a boding water bath for 3 minutes, cool for 2 minutes. Add 
1 ml. of color reagent 8 to each Mix. A blue color will be obtained if mono- 
saccharides are present. With only disaccharides present the color will be 
the same as in the control. Chlorules Interfere hut not in amounts as latg* 
as 5 mg. per ml. of solution. 

f. Picrlc‘Actd Test . To 5 ml. of the sugar solution add 2 to 3 ml. Qf saturated 
picric acid solution and about 1 ml of 10 per cent Na 2 COj. Warm. Note the 
development of a mahogany-red color in the presence of glucose due to 
reduction of the picric acid with the formation of plcramlc acid: 

C 8 H 2 OH(NOj)» -+ Calls OH NHj(NOs)i 
Picric acid Picramic acid 

6. Alcoholic Fermentation Prepare 500 ml of a concentrated (10 per cent) 
solution of glucose, add a small amount of egg albumin or commercial pep- 
tone, and introduce the mixture into a liter flask. Add yeast, and by means of 
a bent tube connect this flask with a second flask containing a solution of 
barium hydroxide protected from the air by a soda-lime tube in the stopper 
(Fig. 13). Place the flasks in a warm place and note the passage of gas bubbles 
into the barium h>droxide solution. As these gas bubbles (CO*) enter, a white 
precipitate of barium carbonate will form. The glucose has been fermented 


7 See Appendix 

* Benedict a or lolin a phosphomofj bdic reagents for sugar m blood may be used Seo 
blood-sugar methods. Chapter 23 
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OH 

Cu^ -*■ Cu0 + H! ° 
X ° H 

Cupric hydroxide Cupric oxide 
(blue) (black) 

Reaction in absence of a reducing agent 


OH 


/ 


2Cu 

\h 

Cupric hjdroxide 


Cu 2 0 + 2HrO + O 


Cuprous oxide 
(yellow to red) 

Reaction in presence of a reducing agent 


, metallic oxide or hydroxide as a reagent is 
The use of a suspension of a meta unds f particularly those con- 

obviously impractical. Certain » ps ^ n the molecule (eg., tartaric 

taining one or more alcoholic OUg P themselves), react in alkaline 
acid, citric acid, glycerol, even ® a so luble complex ion which, 

solution with metallic hydroxid , dissociates to yield sufficient 

though relatively little ionized, nev occur The formation of such 

•ous of the metal for reduction reagents for reducing 

a complex is the basis of most ot tne j 

sugars. . bout considerable decomposition of 

The alkali in these reagents brings abo wUch may also reduce the 

the sugar molecule into reactive 8 . f or a gi ve n concentration of 

metal ions. Thus while the total red conditions a nd is therefore 

sugar may be constant under ca y : mDO ssible to write a balanced 
utilizable for quantitative purpos > irnt o e oxidation of the sugar and 
equation for the reaction in terms o 

reduction of the metal ion. exemplified in the following 

The chemical reactions here dossed “^ tests to the detection of 
tests. (For the application of these and other 

sugar in urine, see Chapter 29.) ^ tube a<ld 

a. Fehling's Test. To about 1 ml- oi ' ^^“deteTmine whether the solution 
about 4 ml. of water, and boll. This is .done to q( brownisb . r ed cuprous 

"ill Of Itself cause the formation of a P solution must not be used. To 

otide. If such a precipitate forms, the F e ® on a [e , v drops ot a time and 
the warm Fehllng's solution add sugar duction of yellow or brounlsh- 

heat the mixture after each addition. Tb P tilkcn place. The differences in 

ted cuprousoxide indicates thatreduc , diflerent conditions are p- 

color of the cuprous oxide P«dP the mote Body divided 

Patently due to diilerences in the slxe oft P co3rscr ones are ted. In the 

precipitates having a yellow color wh* yeUow precipitate Is usual y 

presence of protects e colloidal substan 

formed. 
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in which 

d = sodium light, 
a = observed rotation in degrees, 
p = g of substance dissolv ed in 1 ml of liquid, 
l = length of the tube m decimeters 

If the specific rotation has been determined and it is desired to ascertain 
the percentage^)! the substance in solution, this may be obtained by the 
use of the following formula 


V 




The value of p multiplied by 100 will be the percentage of the substance 
in solution 


Si seme Rotations ok Mouf Common Cahhohyouati »** 


/^GIucon 

+ 52 5® 

lvlructogp 

- 02 3® 

o-Gaiactosc 

+ 81 5® 

u-Mannohc 

+ 14 2® 

L* Vrabmose 

+ 104 5° 

i»-\> lose 

+ 19 0® 

Rhamnosc 

+ 9 0® 


Sucrose 

+ 00 5® 

Lactose 

+ 32 5® 

Maltose 

+ 137 0® 

Rafimose 

+ 101 0® 

Dextrin 

+ 19o 0® 

Starch (soluble) 

+ 190 0® 

Glycogen 

+ 197 0° 


\i b> i mean , S ° f " hlch thc cxtent of the rotation may be 
in tal cd , a P° UniC °Pe or polanmetcr Such an instrument 
t P y f ,° r thc exaimna ti°n of sugar solutions ls termed a 
sacehanmeter or polarizing sacchanmeter Thc form of polanscopc in 

aJ cither enTft^ T? ° f f ,0ng barrel P rovidcd «th a Nicol prism 

through a Nicol nn-sm Tin ° inBlrument an d is polarized by passing 
l"iu.d vv.thm thc tube itete ‘ h ° COl T n n! 
active thc plane o[ thc polarized ray .a m at i , ,t ubstan “ is optical!} 
pounds mtat,n ? the ra/to t,^ “d 
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Sugar solutions (glucose, lcvulose, lactose, and maltose, but not sucrose) 
when freshly prepared possess a changing rotation — so-called mutarota- 
tion For this reason such solutions before polariscopic examination should 
be allowed to stand over night, heated to 100° C. and then cooled, or 



Fia. 17. One Form op Lvurent Polarxscope. 

(B) Microscope for reading the scale; (C) a vernier, (E) position 
of the analyzing Nicol prism, (H) polarizing Nicol prism in the tube 
below this point. 


treated with a drop of ammonia followed by a drop of acid. This brings 
about an equilibrium betw een the a and 0 forms possessing different rota- 
tions, such as those of w hich ordinary glucose is a mixture. 

Polarizing saccharimeters are also constructed by which the percentage 
of sugar in solution is determined by making an observation and multiply- 
ing the value of each division on a horizontal sliding scale by the value of 




] HO 

€ f g 

— => 


Fxa. 18. Diagrammatic Representation of Course op Light 
through Laurent Poeariscope 
The direction is rev ersed from that of Fig 17. (a) Bichromate 
plate to purify light; (b) polarizing Xicol prism; (c) a thin 
quartz plate cov enng one-lialf the field and essential in produc- 
ing a second polarized plane, (rf) tube to contain liquid under 
examination; (c) analyzing Xicol prism, (/) and (g) ocular 
lenses. 


the division expressed m terms of dextrose. This factor may vary accord- 
ing to the instrument. 

Methods embracing the determination of the optical rotation are uti- 
lized in many analytical procedures for identifying liquids or solutions, 
as well as for establishing the composition of solutions. 
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according to the following equation 

CiH jOt-^CjIhOH + 2CO* 

The important intermediate products formed during this reaction are indl 
cated below (For further details see Chapter 33 on carbohydrate metabolism ) 

Ilexose -4 Hexose — * Phosi hofjjcer c — * lyruvic-* Vcctaldchy de —¥ tthjl 

d pi ospbonc ac d acid alcohol 

acid 


When the activity of the yeast has practically ceased, decant the supernatant 
fluid return It to the cleaned flask connect 



Fig 13 Pkhuentatxo*j Ap- 
paratus. 


with a condenser and distil Catch the first 
portion of the distillate which may he redis- 
tilled if its alcohol content is low, and test for 
alcohol by the following reaction 

Iodoform Test Render 2 to 3 ml of the dis 



Fio 14. Iodoform. 
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the filtrate add several drops (enough to give a yellow color to the whole mix- 
ture), of a strong solution of iodine in potassium iodide (e g , Lugol’s) Warm 
gently Note the iodoform odor and examine under a 


microscope for crystals of iodoform What does a positive 
test here indicate? 

$, Demonstration of Optical Actnity A demonstration 
f the use of the polariscope should be made by the 
fistructor, each student being required to take readings 
ind apply the polariscope to the determination of either 
:he specific rotation or the concentration of a sugar. 

THE POLARISCOPE 

For a detailed description of the different forms of 
polanscopes, the method of manipulation, and the 
principles involved, the student is referred to any 
standard textbook of physics A brief description 
follows 

Wav es of ordinary light vibrate in all planes perpen- 
dicular to the direction of propagation By certain 



Fig 15 Einhoba 
Sacchaboaieteb 


means light may be caused to vibrate in but a single plane, and is 
then said to be plane polanzed Thus if a ray of light is passed through 
a crystal of calcite (natural crystallized calcium carbonate), it is divided 
into two rays (each polanzed) vibrating in planes perpendicular to each 
other (Fig 16) As the tw o rays are unequally bent it is possible to com- 
pletely separate them and thus obtain light vibrating m but a single plane 
For this purpose we may use a Nicol prism consisting of two pieces of 
calcite cemented together w ith Canada balsam The ray of light l on enter- 
ing the pnsm is divided into tw o raj s One, called the ordinary ray o, is 



Fig 16 Path of Light Rat through 
Nicou Prism 


reflected from the Canada balsam to the extenor and absorbed by the 
black \ amish coating the pnsm The other, the extraordinary ray c, passes 
through the balsam and emerges from the pnsm as polanzed light Many 
organic substances (sugar, proteins, etc ) have the power of twisting, or 
rotating, this plane of polarized light, the extent to which the plane is 
rotated depending upon the nature of the molecule and upon the number 
of molecules which the polanzed light passes Substances winch possess 
this pow er are said to be opttcally actue The specific rotation of a substance 
is the rotation expressed in degrees which is afforded b> 1 g of substance 
dissoh ed in 1 ml of w ater in a tube I decimeter in length The specific 
rotation, (a) D , may be calculated by means of the following formula 


(«)* 


a 

Pi 
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CHjOH 

I 

0=0 

I 

(CHOH)j 

CHjOH 

•\s already stated, fructose, sometimes called levulose or fruit sugar, 
occurs widely disseminated throughout the plant kingdom m companj 
with glucose It has been prepared commercially from the mulm of the 
Jerusalem artichoke It is not found in detectable amounts in animal 
tissues or fluids except under certain exceptional conditions, but m the 
form of its phosphoric acid esters it is a recognized intermediate in carbo- 
hjdrate metabolism 

Ylthough fructose is a ketose it nevertheless reduces metallic oxides io 
ph An solut,on » owing to the presence in it of the terminal group CO 
CHjOH For the same reason monohjdrox> acetone (CH, CO CHjOH) 
al«o reduces such solutions although acetone (CH, CO CH,) does not 
'' 11 “ phenj lhj drazme, fructose forms the same osazone as glucose With 
inethj Iphenylhydrazinc, it forms an osazone more rapidly than does 
glucose 

Fructose in solution undergoes mutarotation just as glucose does, and 
tor similar reasons, the rotation of a fresh solution being -133 5" which 
changes to -M3* on standing or ui the presence of a trace of alkali, 
rhe relation between the free ketone form and the o and 3 forms, and 
the existence of pj ranose and furanose structures are similar to the atua- 
1™ h f rC U^ y described for glucose and are illustrated by the formulas 



3- O-fructi, "fructose H ^0H 

fketone form) “ “ ' r “ C,0,ur!,n0 “ 
Ordinary fructose consists chiefly of the nr t 

combined state as in sucrose and im> I, „ ranCtee form, fructose in t 
more reactive furanoae form a PPtar3 to be invarutblj m t 

o experiments on frlctosf 
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7. Resorcinol-Hydrochloric Acid Reaction (Selivanoff). To 5 ml. of Selivan- 
off’s reagent 11 in a test tube add 5 drops of a fructose solution and heat the 
mixture to boiling. A positive reaction is indicated by the production of a 
red color with or without the separation of a brown-red precipitate. The 
latter may be dissolved in. alcohol, to which it will impart a striking red 
color. 

To compare the reactions of aldose and ketose sugars, place 0.5-ml. por- 
tions of glucose, fructose, maltose, lactose, and sucrose solutions into each 
of five test tubes, add 5 ml. of Selivanoff’s reagent to each tube, mix, and 
place In a boiling water bath. Note the time when color first appears in each 
tube. Continue boiling for 15 minutes, noting the color developed in each 
tube at approximately 5-minute intervals. Record your observations. 

This test is also given by sucrose which is hydrolyzed during the course 
of the test yielding fructose ns one product If the boiling be prolonged a 
similar reaction may be obtained with solutions of glucose or maltose. 
This has been explained in the case of glucose as due to the transformation 
of the glucose into fructose by the catalytic action of the hydrochloric 
acid. The precautions necessary for a positive test for levulose are as fol- 
lows: The concentration of the hydrochloric acid must not be more than 
12 per cent. The reaction (red color) and the precipitate must be observed 
after not more than 20 to 30 seconds’ boiling. Glucose must not be present 
in amounts exceeding 2 per cent The precipitate must be soluble in 
alcohol with a bright red color. 

8. Atninoguanidine Reaction {Tauber). 13 Place 0.5 ml. of concentrated sul- 
furic acid In a test tube. Add 0.2 ml. of a 2.5 per cent aqueous aminoguani- 
dlne sulfate solution without mixing. Add 0.2 ml. of the test solution and mix 
well. In the presence of ketohexoses or compounds which yield ketohexose, 
a bright reddish-purple color is formed in about 1 minute and persists for 
several hours. 

As little as 0 05 mg. of fructose is said to be detectable by this test. 
Sucrose and inulin also give a positive test Aldohexose up to a concentra- 
tion of 1 per cent does not interfere. Higher concentrations give a positive 
reaction, so solutions to be tested should be adjusted by dilution to con- 
tain not more than 0.5 — 1 0 per cent total carbohydrate. No color is given 
by aldopentoses, starch, glycogen, various pure proteins, or formaldehyde. 

9. Formation of Methylphenylfructosazone. To a solution of 1.8 g. of Ievu- 
losc in 10 ml. of water add 4 g. of methyiphenylhydrazine and enough alcohol 
to clarify the solution. Introduce 4 ml. of 50 per cent acetic acid and heat the 
mixture for 5 to 10 minutes (no longer) on a boiling water bath. On standing 
15 minutes at room temperature, crystallization begins and is complete In 
two hours. By scratching the sides of the flask or by inoculation, the solution 
quickly congeals to form a thick paste of reddish -yellow silky needles. These 
are the crystals of methylphenylfructosazone. They may bo rccrystallized 
from hot 95 per cent alcohol (m, p. 153“ C.). Glucose may ghe the same 
osazone more slowly (after five hours). 


11 Boo Appendix, 

** Tauber: J. Biot. Chtm.. isz. COS (1950). 
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II— C— OH 
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no— c — h 


H— i— OH 

I 

H— C— Oil 

I 

HO— C— II 


IIO— C— II 
n— i— i 

i: 


OH 


HO— C- 
H-k 
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-ii 


SHjOH CH 2 OH 

D galactose a d galactopyranose 
Galactose occurs with glucose as one of the products of the hydrolysis 
of lactose It is also found as a constituent of the galactolipides of nerv ous 
tissue Galactose is a typ ica | 
aldohexose, is dextrorotatory and 
exhibits mutarotation in solution 
and forms a characteristic osazone 
with phenylhydrazine It ferments 
cither very slowly ornotatall with 
ordinary yeast, although some 
varieties of yeast ferment it read 
ily Lpon oxidation with mtnc 
acid, galactose yields mucic acid 
(rig 19), thus differentiating this 
monosaccharide from glucose and 
fructose Lactose also yields mucic 
acid under these conditions Mucic 
acid is COOH(CHOH)*COOH, 
the II and OH groups on carbon 
atoms 2 to 5 having the same 

spatial configuration as for galac- 

„ . . tosc itself Althoueh mucic acid 

“fX STJSr C ,\ rb ° n aU,nW ’ 11 “ opLcally "native because 

" lh ° m " r0r “W 01 th » °“>er half (stalled 



Fig 19 Mccic \cid Crystals 

Jj **» ■* rr KI»ph furnul f<i by Prol 
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boiling water bath for 1^ hours Let stand over night A cr>stalhne precipitate 
of mucic acid, which may be identified by microscopical examination of the 
crystals, forms under these conditions 

3. PhenyUiydrazine Reaction . Make the test according to directions given 
for Glucose (p 63) 


INI AN NOSE 

CHO 


CH.OH 

Mannose is an aldohexose, differing structurally from glucose solely m 
the spatial arrangement of H and OH groups around carbon atom number 
2 (see structure, p 58) It is found m nature chiefly in the form of poly- 
saccharides called mannans or mannosans which occur m plants, particu- 
larly in certain seeds (“vegetable ivory ’), and from w hich mannose may be 
obtained by hydrolysis Interest in mannose has been heightened by the 
discovery that it is present in small amount in certain animal proteins 15 
Mannose is a reducing sugar and is fermentable by yeast It is readily dis- 
tinguished from glucose by the formation of a sparingly soluble, colorless, 
crystalline phenylhydrazone when treated with pheuylhydrazme at room 
temperature 


EXPERIMENTS ON MANNOSE 
1-4 Repeat Benedict's, Barfoed’s, Selhanoft’s, and Fermentation tests as 
given for Glucose and Fructose (pp 62, 72) 

5 Reaction with Phenylhydrazine Place a small amount of solid phenyl- 
hydrazine reagent in a test tube and add 5 ml of mannose solution Shake 
well and allow to stand at room temperature for 10 or 15 minutes Observe 
the development of a colorless crystalline precipitate of mannose phenyl- 
hjdrazonc (examine a drop under the microscope) When the hydrazone 
has been obtained, place the tube In boiling water for one-half to three- 
quarters of an hour, remove, and allow to cool slowly What change has oc- 
curred? Examine a drop of the suspension at this point under the microscope 
Explain As a control, a glucose solution may be carried through the same 
experimental procedure 


PENTOSES, CJI 10 O tt 

Pentoses are usually defined as sugars containing five carbon atoms m 
the molecule, although rhamuosc, CsHi Os, a methylpento^c, is an excep- 
tion to this statement The pentoses are widely distributed in plant and 
amm il tissues, usually as components of some larger molecule In plants, 
and more particularly in certain gums, pentoses occur as complex poly- 

\crsit> o( Illinois College of Medicine Smaller quantities of galactose (or lactose) maj be 
u^ed (.0 mg ) but in such ra^es cost situation ma\ t3ke two or three dn>s 

" Uuuiagton ZhocAem J 11 , 430 (1920) bsreaseo and Hangard Compt rend, trat lab 
Carhbery 19 No 12 (1933) 
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saccharide* called pentosans, from which the free pentode (e g , a » b “^5 
xyloac) may be obtained on acid hydrolysis In both plant and aninw 
tissues certain pcntO'es (nbose, dcoxynbose) are unners3lly foun 
constituents of the nucleoproteins of the cell, being present m the nuc 
acid portion of the molecule Riboae is likewise an essential coxnpon 
of certain mono- and dinucleotides found m cells, such as adenylic a 
coenzymes I and II, and riboflavin (vitamin B?) 

Vs a class the pentoses may be either aldoses or ketones, are nonl 
mcntable by y cast, have strong reducing power, and form osazones vri 
pheny lhy drazine The stereochemistry of the pento=es is similar to 
already described for the hexo-es The p> rano=e ring appears to be 
most common for the free sugars In nucleic acids, nbo=e is present in 

lu ran os; form For structures of the \anous a\dopento=es, see p «>8 3 

distillation with strong hydrochlonc acid, pento=es and pentosans yt® 
furfural, a reaction which 13 used not only for the quantitate e determine 
tion of pentoses but also m the commercial production of furfural fro 
plant by products *11 ch as oat hulls 

Pentoses are an important constituent of the diet of herbivorous a w 
mals Their role in human nutrition is not well established In the rare 
and apparently harmless condition known as pentosuna (p 844) sign* 1 * 
cant amounts of the pentose xyloketose arc found m the urine and n* 3 ) 
lead to a false diagno is of diabetes melhtus Pentosuria is also said to 
occur m normal individuals after the ingestion of large amounts of certain 
fruits 

The following experiments on pentoses maj be earned out on !■(+)' 
arnbinosc as a typical aldopentosc The L-arabmoae may be obtained froin 
gum arabic or from plum or cherry gum by boiling for 10 minutes with 
concentrated hydrochlonc acid 
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just described may be considered to be demativcs of these sugars of the 
type known generally as glycosides If the sugar is glucose, the compound 
is known specifically as a glucoside, if galactose, a galactoside, and so on 
The di-, tn-, and polysaccharides are glycosides, as well as a wide variety 
of naturally occurring substances such as phlonzin, sahcm, amygdalin, 
digitahn, etc , which contain in addition to a sugar residue a specific non- 
sugar portion which is known as the aglycone 

Glycoside formation may be illustrated by the reaction betw een glucose 
and methyl alcohol, in which under the proper conditions a molecule of 
water is split off between an OH group in the glucose molecule and the 
OH of the methyl alcohol, to give a methyl glucoside 


H— i— O H 
H— i— OH 
HO— i— H 
H— i— OH 
H— i- 


ill, OH 
a d glucose 


+ HO CH, H— C— OCH, 

H,CO — i — H 
| 

H— i— OH 

H— G— OH 

0 I 

1 

-> HO— 6— H 

-f- H*0 HO — C — H 

H— C— OH 
[ 

1 

H — C — OH 

H C 

I 

II Q 

i,H OH 

in.OH 


Methyl a-D glucoside Methyl 0 d glucoside 


Since the reaction involves the OH group on carbon number I of the 
glucose molecule, two methyl glucosides are possible as shown, corre- 
sponding to the a and jS forms of the glucose molecule, and m general 
both « and 0 glycosides are found in nature They may be readily dis- 
tinguished by the use of enzymes which catalyze the hydrolytic splitting 
of either the ao r 0 glycoside linkage specifically For example, m the pres- 
ence of the enzyme maltose, only a glycosides are hydrolyzed, whereas 
the enzyme emulsm behaves similarly with respect to 0 glycosides In the 
presence of acids both types of gly cosides are readily hydrolyzed to yield 
their component molecules 

DISACCHARIDES 

The disacchandes may be regarded as glycosides in which both compo- 
nents of the molecule are sugars The common disicchandcs have the 
general formula Ci-Hj-On, and yield hexoses on hydrolysis, a molecule 
of water being taken up in the reaction 

CijHjjOu H*0 *= 2C 6 H 1S 0 6 

The products of hydrolysis of the more common disacchandes are as 
follows 

Maltose = glucose + glucose 
Lactose — glucose -{- galactose 
Sucrose = glucose + fructose 

In the formation of i gly cosidc linkage between tw o hexoses, the reduc- 
ing property of one Ucxomi is orduianly lost If the reducing property of 
the second hexose is not involved the resulting disaecliande is a reducing 
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sugar and exhibits the general properties of such a substance (e g , osazone 
formation, mutarotation, etc ) Maltose and lactose are examples of reduc- 
ing disacchandcs In bucrosc, however, the gljcosulc linkage involves the 
potential reducing group of both the glucose and fructose components 
Sucrose therefore u> not a reducing sugar, docs not form osazoncs, and docs 
not show mutarotation in solution 


Mveroai, CijIIjiOh 

Maltose or malt sugar is formed m the h>drol>sis of starch through the 
action of ancnzjme, vegetable amylase (diastase), contained in sprouting 
barley or malt Certain enzymes in the saliva and in the pancreatic juice 
cause a similar hydrolysis Maltose is also an intermediate product of the 
action of dilute mineral acids upon starch It is btrongly dextrorotatory, 
shows mutarotation, reduces metallic ions in alkaline solution, and ls fer- 
mentable by y cast after being conv erted to glucose by the enzyme maltasc 
of the yeast In common with the other disacchandes maltose may be 
hydrolyzed by dilute acid with the formation of two molecules of mono- 
saccharide In this instance the products arc two molecules of gluco=e 
With phenylhydrazine maltose forms an osazone, malto^azonc The fol- 
lowing formula represents the probable structure of maltose 
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Maltose (a form) 
l> glucose 4- (« o glucoside) 

I ”^ mc '" <ilca , tc ''- "'‘‘Hose is a glucose a glucoside with a 

W only elucoiu on hydrolysis an- 

bond Th ,0bc tbe t>pB anJ Potion ot the gluco ide 

dunn- f^ r, i »*>■>«» IHtacosul.. mth a 1,4 linkage, Stormed 

5 ,7 , CC " UlOSC a rare d saccharide 

Tohn W r il S 0 „ C “'““ ■» a glucoi /3-glucosido rrrth a 

LdSSSE Jth^lYl l ’ ?* fr ° m yrafct - 18 a no-reducing gluco=e 
otlL of SJSr f0un , d 33 a m,nOT cnd I ’ roduct 

1,G linkage y P ° ht rth ’ w glucose a-glucobide with » 

EXPERIMENTS ON MALTOSE 

1 - 6 . Repeat Solubility, Benedict . , 

'” J •' anJ F "”'««<a.lon let. a. a «„ to, G. u "„«, E " 
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Lactose, C12H22O11 

Lactose or milk sugar occurs ordinarily only in milk, but it has often 
been found 111 the urine of women during the penod of lactation 
Lactose is a reducing disacchande, is dextrorotatory, exhibits mutarota- 
tion ui solution, and forms an osazone w ith phenylhj drazme On hydroly- 
sis it yields glucose and galactose Chemical evidence indicates that the 
glycoside linkage involves carbon number 1 of the galactose molecule, 
lactose is therefore a galactoside Enzjmatic studies indicate that the 
galactoside linkage has the 0 configuration The structure of lactose is 
probably as follows 

H OH CH 2 OH 



1 1 1 

CH-OH H OH 


Galactose Glucose 

Lactose (a form) 

D glucose 4 03 n-galactoside) 

Since I icto«c exhibits mutarotation, it exists in a and 0 forms The a 
form is the common!} obtained variety although the 0 form has become 
eommcrcnllj ivadablc It is more soluble than the a form and has been 
recommended for infant feeding 

\ avAoM; is not fermentable b} ordinary bikers* jeast Thus when glucose 
and lactose ire present together m solution they ma> be differentiated 
in terms of the reducing pow er of the solution before and after fermenta- 
tion On oxidation with mtnc acid lactose }ields the sparmgl} soluble 
mu tic acid because of the presence of galactose m the molecule Hus 
rciction ma> be used to identif} Iictose under the proper conditions 
In the souring of milk the / actohactllus acidophilus or Streptococcus 
lachcus ind cert 1111 other microorganisms bring about lactic uid fer- 
ment it ion In truisformmg the 1 ictose of the milk into lactic acid CIIj- 
C1IOH COOII llus same rciction maj occur in the aliment ir> < m d as 
the result of the let ion of L actdophtlus and certain other orguusm* In 
the prep intion of kefir ind koumiss the lactose of the milk undergoes 
ikohohe fermentation, through the action of ferments other ih m }e u>t, 
and at the suite time 1 ictie icid is pro<luccd 


EXPCR1MLNTS ON LVCIOSE 
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Sucrose, CuHjjOu 

Sucrose, also called saccharose or cane sugar, is one of the most impor- 
tant of the sugars and occurs very extensively distributed in plants, par- 
ticularly in the sugar cane, sugar beet, sugar millet, and certain palms 
and maples. 

Sucrose is dextrorotatory, and, as before mentioned, upon hydroljM* 
the molecule of sucrose takes on a molecule of w ater and breaks dow n into 
two molecules of monosaccharide. The monosaccharides formed in tm3 
instance are glucose and fructose. This is the reaction: 

C„1I„0„ + 11*0 -4 C*H»0, + CelliiO# 

Sucrose Glucose Fructose 

This hydrolysis may be produced by bacteria, enzymes, and certain weak 
acids. After hydrolysis the previously strongly dextrorotatory solution 
becomes lcvorotatory. This is due to the fact that the fructose molecule 
13 more strongly lcvorotatory than the glucose molecule is dextrorotatory. 
The reaction is therefore frequently called inversion, and the mixture 
of glucose and fructose obtained is called invert sugar. 

Sucrose does not reduco metallic ions in alkaline solution and forms 
no osazone with phenylhydrazine. Prolonged boiling in the presence of an 
acid phenylhydrazine solution will, however, hydrolyze the sucrose and 
cause the formation of glucosazone. It is not fermentable directly by 
yeast, but must first be inverted by the enzyme sucrasc (invertase or 
invertin) contained in the yeast. The probable structure of sucrose may 
by represented by the following formula (Note the absence of any poten- 
tial ketone or aldehyde group.) Upon inversion the active form of fruc- 
tose indicated m the formula is rapidly transformed to the more stablo 
modification. 


CHjOH 



Sucrose 


a-D-glucopyrano.yl-a-D-fructofuranosIde 
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neutral with saturated barium hydroxide Filter off the precipitate of barium 
sulfate and upon the resulting fluid repeat the Phenylhydrazine, Benedict’s, 
Nylander’s, and Barfoed’s reactions as given for Glucose, pp 62 if. 

TRISACCHARIDES, C 18 H 32 0i 6 

Raffinose 

This tnsacchande, also called melitose or melitnose, occurs m cotton 
seed, Australian manna, and m the molasses from the preparation of beet 
sugar It is dextrorotatory, does not reduce Benedict’s solution, and is 
only partly fermentable by yeast 

Raffinose may be hydrolyzed by weak acids just as the polysaccharides 
are hydrolyzed, the products being fructose and melibiose Further hy- 
drolysis of the mehbiose yields glucose and galactose Raffinose may also 
be hydrolyzed by the enzyme raffinase, occurring in certain bacteria and 
yeasts 

POLYSACCHARIDES 

The polysaccharides are complex carbohydrates of high molecular 
weight, cither quite insoluble in water or, when soluble, forming colloidal 
solutions Polysaccharides in the solid state do not ordinarily appear to 
be crystalline, but a few crystalline polysaccharides have been isolated 
and \~ray analysis indicates that certain polysaccharides (e g , cellulose) 
possess a definite crystalline structure Through the action of certain 
enzymes or of acids the polysaccharides may be hydrolyzed with the for- 
mation of simpler compounds which are regarded as constituent units of 
the polysaccharide Some polysaccharides yield only simple sugars on 
hydrolysis, others yield not only sugars but various sugar derivatives such 
as glucuronic or galacturonic acid (known generally as the uromc acids), 
hcxosamincs, and even nonsugar compounds such as ethyl alcohol, sul- 
furic acid, etc 

The constituent units of the polysaccharide molecule appear to be ar- 
ranged m the form of a long chain, cither unbranched (cellulose, amylose) 
or branched (glycogen, amylopcctm) The linkage between units is gen- 
erally the 1,1 or 1,6 glycoside bond already described, with cither the a or 
/3 configuration as the case may bo Other types of linkage are known, 
however As a class the polysaccharides are nonfcrmcntable aud are non- 
rtducmg except for a trace of reducing power due presumably to the free 
reducing group at the end of a chain 1 licy are optically activ c but do not 
exhibit mutarotation, uul ire rcl itnely stable to alkali This latter fact 
is utilized for example in the separation of glycogen from tissues prior 
to analytical determination 

Sr Mien, (CJIioOs), 

Starch is widely distributed throughout the veget iMl kingdom, occur- 
ring in grams, fruits, uul tubers It is found m tells in the form of granules, 
the microscopic d ippcarmic bung tvpital for each individual starch (see 
P $a) '1 he granules differ in size ai cording to the source and they also 
differ ■annewhu in composition The chief constituents arc known as 
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amjlose and amjlopectin which usual! > exist in a proportion of about 
1 3 in the granule, although some \anation in this ratio may be found 
Amjlopectin appears to contain a small amount of phosphoric acid as a 
part of the molecule An aniy lohcmicellulosc containing silica has also 
been reported as present m cereal starches 

When boiled with water, starches form pastes The starch granules maj 
merely swell without disintegration and thus give a high viscoaitj to the 
solutions Potato-starch granules disintegrate more casilj and form lc^ 3 
viscous solutions If ^tarcli is ground in a ball mill, much of it disperses 
readily in w atcr like soluble starch Soluble starch is formed by the action 



(Kerr) 


f'™ a e i™md ^'° nC T? ' ,P °“ ? arch 11 18 “ because it readily 

fiTfi. , c _ r solution with liot water The acid apparently modi 

pletely oTheatogmth ^teT"" 1168 “ ‘ l ‘‘“"“‘'grates m° re com 

BtUucnWSe Taroh^ ^ «*“<» The tiro ma,or con 

largely, therefore in their f m>ose and amylopectin, must differ 
pears to consist ot about 300 cWow S '™ cturc The amjlose molecule ap- 
molccular » ngW o! about “ “ “ unbraMh ' d chain, with a 

m water and forms a clear solution Is !L PUre a . m5l ° so is sparingly soluble 
and is completcK h\ drnlv 7 «»a * ^ ® lves a dee P blue color with iodine, 

pectin on the other hand f„™?‘ ‘ *>bne form by Kerr (Fig 20) Amylo- 
Molct color with iodine »hichTLuehT’ C ‘ !n V 0lUt ' OI1S ’ E " Bi a purplc 10 
action, and is only partly hvdrnlc ? mt f nse than m th e amjlose re- 

pectm appears to contain mam t ad , to . ™ alto=e b >' ^-amylase Amylo- 

cain many branched glucose chains in the molecule. 
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each chain having about 25 glucose units, and the entire molecule having 
a molecular w eight up to 20 times that of amylose (Fig. 21). 

The linkage between glucose units in the unbranched amylose chain is 
the 1,4 glycoside bond described previously. The structure of a portion 
of such a chain is probably that indicated in the formula: 


CH-.OH 

i-^-o 


cmou 
i — o 


CH OH 
) 

c — o 


CIlsOH 
0 


yi \f yi \? yi m yi \f 


Portion of amylose chain 


lit the branched-chain structure characteristic of amylopectin, both 1,4 
and 1,6 glycoside bonds are found; the 1,4 linkage forms the linear por- 



000005003 Glucose units. 

A Aldchy die end- group. 

■ — End of initial degradation iij lasc, 

3 iclding residual-dextrin /. 

( Limit of degradation produced by ct-gltt- 

cosidase, ghirtg dextrin II, hydrolyzable 
by lose. 

End of further attack by $-a/nylusc, 

$ iclding residual dextrin III. 

Fio. 21. Meier's Schematic Representation’ op 
tub Branched Amylopectin Molecule (Hassid). 

Courttsj, Wallcrttcm Communications- 

tion of a chain and branching takes place by union of a side chain through 
carbon atom number 1 of a terminal glucose residue of the side chain with 
carbon atom number G of a glucose residue in the main chain. 

In the course of the digestion of starch by salivary or pancreatic a-am- 
ylase there is first formed soluble starch (a clear solution giving a blue 
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color with iodine) then dcxtnns giving blue or red colors with iodine, next 
achroodcxtnns giving no eolor with iodine, and finally maltose Some 
maltose is, however, formed almost from the beginning of the digestion. 
The amylase apparently catalyzes the hydrolytic splitting of every other 
glycoside bond thus producing maltose units I he action of a amylase on 
the linear and branched glucose chains, amylose and amylopcctin, re«pec 
tively, is discussxl on p 352 In the case of acid hydrolysis the ‘■ame 
intermediate produets are formed but glueo e is the end product The 
hydrolysis of starch by acid is an example of the catalytic action of the 
hydrogen ion 

Synthetic starches have been prepared by the action of certain muscle 
and potato enzymes on glucose 1 phosphate, the Con ester (see p 333 
for an expenment demonstrating such a synthesis) These synthetic 

starch f.X rf.M>.mbl<. ^mvlfiu> tn fguir • / m r >1 nmnnrtif a 
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6. Benedict’s Test On starch solution” (see p. 66). Does starch have any <h* 
tectable reducing ability? 

7. Hydrolysis of Starch. Place about 25 ml. of 1 percent starch solution” In a 
small beaker, add 10 drops of concentrated 11C1, and boil gently. By means o 
a small pipet, at the end of each minute remove a drop of the solution to the 
test tablet and make the regular iodine test. At the end of the same 1-minute 
intervals add exactly 3 drops of the mixture to 5- ml. portions of Benedict » 
solution in a senes of test tubes As the testing proceeds the reaction 
Iodine should become weaker and finally be negative. At this point place 3*1 
the tubes containing Benedict’s solution In a boiling water bath for 3 min* 
utes, then remove and allow to cool Note the degree of reduction in each case 
and compare with the rate of disappearance of the Iodine react*on. Make the 
phenylhydrazine test upon some of the hydrolyzed starch. What sugar b a * 
been formed? 


8. Dijjusibiltty of Starch Paste. Test the dlffusibillty of starch through a 
suitable dialyzing membrane. Compare with glucose in this respect. 


IN'ULIV, (C«Hi 0 Oi) x 

Inulm is a polysaccharide which may be obtained as a white, odorless, 
tasteless powder from the tubers of the artichoke, elecampane, or dahlia 
It has also been prepared from the roots of chicory, dandelion, and bur* 
dock The rubber-producing plant guayulc also contains inuhn It is vetf 
slighUy soluble in cold water and quite easily soluble in hot water In cold 
alcohol of GO per cent or over it is practically insoluble Inulm gives a 
negative reaction with iodine solution It is very difficult to prepare inuho 
which does not reduce Benedict’s solution slightly This reducing power 
t0 an im P«nty Practically all commercial preparations of 
", 1 " P f 868 considerable reducing power Inulm is a polymerized form 
un,“iTirka^ nta,n,ng ab0Ut 30 fructo,ur *n°se units per ebam, 

innui".Y v, l ebh?fc a ‘° ry " nd u p °" hydrolysis by acids or by the enzyme 
Set Wut TH mo nosaccharidc fructose which readily reduces Bene- 

tlie Jerusalem artu 1 °" °' fruct<,i,! hydrolysis of the inulm of 

CC0In8 comm o r oml importance The ordi- 
lm \3 iartofSr ”rr ng , ,n ,h0 b ody do not digest mu- 

tne JTSKL I T f '" Ul,n bo hydrolyzed by the acid gas- 

dietanes'must be questioned TutalS f*'™ 4 "“"""i ot e " er8y m hu "f“ 
Inulm administered intrascnousK , homo sly co 8on from inulm- 

parcntly Ikcaumj the inulm mn i J y excre tcd by the kidneys, ap- 

to pass through the renal donurul ° th ° U ? h colloida, > 13 sufficiently small 
this proijcrty m the n,kr mcmbr ‘ ine bse lh made clinically of 

studies of rcU Mll,",:!" dearanai ““ o' kidney function and m other 
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2. Iodine Test, (a) Place 2 to 3 ml. of the inulin solution in a test tube and 
add a drop of dilute iodine solution. Compare with a control containing water 
instead of inulin solution. What do you observe? 

(b) Place a small amount of inulin powder in one of the depressions of a 
test tablet and add a drop of dilute iodine solution. Is the effect any different 
from that observed above? 

3. Resorcinol-Hydrochloric Acid Test. Test a portion of inulin solution by 
this test, following the directions given on p. 73. Explain the results. 

4 . Benedict's Test. Make this test on the inulin solution according to the 
instructions given for Glucose (p. 66). Is there any reduction? Explain. 

5. Hydrolysis of Inulin. Place 5 ml. of inulin solution in a test tube, add a 
drop of concentrated hydrochloric acid, and boil for one minute. Now cool 
the solution, neutralize it with concentrated sodium carbonate solution, 
and test the reducing action of 1 ml. of the solution upon 1 ml. of Benedict’s 
solution. Compare with a control using l ml. of unhydrolyzed inulin solu- 
tion. Also try the Resorcinol-Hydrochloric Acid reaction as given on p. 73, 
likewise comparing with a control of untreated inulin solution. Explain the 
results. 


Glycogen, (C 6 HioO$)* 

Glycogen is the form in which carbohydrate is stored in the animal or- 
ganism. It is found in the liver, muscles, kidneys, and other tissues, but is 



Fio 33 Structure of Gin codes. 

The circles represent glucose units, (A) the aldc- 
hjdic end of a chain. 

Jilej cr. Adrancet in BMymoloev, 3, 109. 1943 

notably absent from brain. On hydrolysis with amylase it yields maltose, 
and with acid it yields glucose. It thus resembles starch and the dc\trms 
in these respects but differs significantly from these compounds in molec- 
ular architecture. lit the glycogen molecule the component glucose resi- 
dues are linked in chains by both 1, l- and 1,0- a-glycosidc bonds as with 
tho starches, to give a highly branched structure as contrasted with the 
unb ranched amylose or slightly branched amyl opec tin chains of starch 
(see Fig. 33). Glycogen is soluble in cold water to form an opalescent solu- 
tion and ordinanl v uncs a red color with iodine, although some forms of 



1 BAUT1CAL PllYBIOLOrlCAL Clli UISTRY 


Chap 2 


83 


glycogen which give blue or purple colors with iodine are known Ihtse 
color differences are apparently related to the extent of chain branching 
the blue color representing relatively unbranched chains and the red color 
with iodine corresponding to highly branched < h uns 

For a further discussion of glycogen, and experiments, see pp 
and 280 


Dextrin, (CJIioOO, 

The dextnns arc found as intermediate products m the course of by 
drolysis of starch to glucose or maltose by acids or enzymes They are to 
loidal in nature but of a lower degree of molecular complexity than starch 
As would be expected a variety of dextnns arc known, most of which arc 
relatively ill-defined, the higher dextnns resembling starch m certain re- 
spects while the lower dextnns more nearly resemble the sugars As a 
class the dextnns arc readily soluble m water, insoluble in alcohol, and 
do not diffuse through cellulose membranes of ordinary porosity 
The dextnns may be hydrolyzed by dilute acids to form glucose and by 
amylases to form maltose I hey are not fermentable by yeast Various 
dcxtniiH give different colors with iodine, depending apparently upon their 
molecular complexity the higher dextnns give a blue or purple color, in 
tcrmcdiatc dextnns give a red color, and the lower dextnns may give nc 
color at all As is the case with most other polysacchandcs, the glucose 
chains m the dextnn molecule have a free reducing group at one end the 
ability of dextnns to reduce Benedict’s solution therefore depends upon 
the molecular weight and chain organization, dextnns with low molecular 
weight showing detectable reducing power I he reducing ability of com 
mcrcial dextnn preparations is ordinanly due to the presence of free sugar 
ihc formation of vanous dextnns as intermediate products of the action 
of amylases upon starch is illustrated schematically in I lg 21 
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bulk of saturated ammonium sulfate, shake vigorously, and allow to stand 
for five minutes The starch is precipitated Filter through a dry paper, and to 
a portion of the filtrate add a drop or two of iodine solution Compare with an 
iodine test on the dextrin solution alone which has been treated with am- 
monium sulfate In like manner 

4 Benedict s Test See if the dextrin solution will reduce Benedict s solu- 
tion 

5 Precipitation by Alcohol To about 50 ml of 95 per cent alcohol in a small 
beaker add about 10 ml of a concentrated dextrin solution Dextrin is thrown 
out of solution as a gummy white precipitate 


6 Dtjjusibility of Dextrin (See Starch, 8, p 86 ) 


Cellulose, (C 6 Hi 0 O a ) K 

Cellulose forms a large portion of the cell walls of plants Physically, 
cellulose is distinguished from other carbohydrates largely by its extreme 
insolubility in most of the ordinary solvents Chemically, cellulose has been 
shown to consist of a large number of /3 glucose units ]onied together m a 
chain by 1,4 glycoside bonds, as indicated in the formula given herewith 
Various methods for estimating the number of glucose units in the cellulose 


CHiOH H OH CHjOH H OH 

a in in oh A (1h <Jh,oh 


Portion of cellulose chain 


molecule yield results which vary from 200 to 2,000 such units, depending 
upon the method employed X ray studies of cellulose indicate that it is 
crystalline m structure and consists of bundles of long chains with the 
chains running parallel to the fiber axis These chains are unbranched and 
straight rather than coiled and there is some evidence for the existence of 
cross linkages between adjacent chains the chemical nature of such cross 
linkages is obscure The close packing of the long straight chams produces 
a fiber with much mechanical strength, and may also account for the 
insolubility of cellulose 

Cellulose is not soluble m water or the usual organic solvents nor in 
dilute acid or alkali It vs soluble however in a variety of special solvents, 
such as Schweitzer’s reagent (ammomacal copper hydroxide), zme chlo- 
ride — hydrochloric acid solution, and sodium hydroxide and CS* which 
latter are the reagents for making viscose, a form of artificial silk With 10 
per cent sodium hydroxide, cellulose is converted into kijdrocdlulosc and 
is said to be mercerized \bout 70 per cent sulfuric acid converts it into 
icgdalde parchment Such commercial products as rayon cellophane, sau- 
sage casing, etc , arc made from cellulose With strong nitric acid and con- 
centrated sulfuric ucid it forms mtroceliulo^ 

Cellulose is not by droly zed by boiling w ith dilute mineral acids It may 
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be hydrolyzed, horvovcr, by treating mil. concentrated su | f,,nC “‘, < J’ 
diluting the solution mtli uater, and boiling 1 he product of this 
jbis is glucose Hydrolysis of cellulose by icrtain bacteria baa been „ 
ported to yield the disacchande rcllobiose, analogous to the pr 
of maltose from starch , .i u . 

There is some difference of opinion as to the exact extent to w 
lose is utilized in the animal organism It is no doubt more ellicien y 
hzedby herbivora than by carnivora or by man It is cjaimed tba 
25 per cent may be utilized by hcrbivora and less than 5 per cent y ' 
whereas the quantity utilized by man is too small for it to play a n 
tional role in the diet of a normal individual In neither man nor the 
animals has there been demonstrated any formation of sugar or glye B 
from cellulose It is probable that the cellulose which disappears from 
intestine is transformed for the most part into low cr fatty acids (ace 
etc ) by the action of intestinal bacteria A ccllulase capable of digc*> * 
sawdust and filter paper has been found in the digestive diver ic 
attached to the stomach of the shipworm 


EXPERIMENTS ON CELLULOSE 

lor these experiments, a high-grade filter paper, absorbent cotton, 3 4 
cleansing tis ne may be used 

1 .Solubility Test the solubility of cellulose in water, dilute and concen 
trated acid, and alkali 

2 Iodine Test Add a drop of dilute iodine solution to a few shreds of cott°® 
on a test tablet Cellulose differs from starch and dextrin in giving no co ° 
with iodine 


3 Formation of Amyloid 11 To 6 ml of distilled water in a test tube, add 19 

ml of concentrated sulfuric acid The acid should be added to the water ' •*> 
small portions and the mixture stirred with a stirring rod and cooled unde f 
the tap, or by immersion in a beaker of cold water, between additions ‘O 
the cooled mixture add a two inch square of cleansing tissue and stir for 

5 to 10 minutes, when most of the tissue is dissolved Pour about 3 ml ° f 1 , 
solution into about 10 ml of distilled water, and note the flocculent predp‘ 
tate of amyloid formed To another small portion of the solution add 
and note the blue or black color formed Pour the remainder of the acid *ol° 
lion of tissue into about 25 ml of distilled water in a small beaker and bod f° r 
** *® ? co ° 5 ' neutralize with solid sodium carbonate, and te*« 

with Benedict . solution Glucose has been formed from the cellulose by ** 
action of the add 
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5. Hydrochloric Acid — Zinc Chloride Solubility Test ( Cross and Bevan). Place 
a little absorbent cotton in a test tube, add Cross and Bevan’s reagent, 19 and 
stir the cellulose with a glass rod. When solution is complete, reprecipitate 
the cellulose with 95 per cent alcohol. 

6. Iodine — Zinc Chloride Reaction. Place a little absorbent cotton or quanti- 
tative filter paper In a test tube and treat it with the iodine — zinc chloride 
reagent. 19 A blue color forms on standing. Amyloid has been formed from the 
cellulose through the action of the ZnCls and the iodine solution has stained 
the amyloid blue. 

7. Other Cellulose Solvents. It has been demonstrated by Deming that there 
are many excellent solvents for cellulose (filter paper) — for example, the 
concentrated aqueous solutions of certain salts such as (1) antimony tri- 
chloride, (2) stannous chloride, and (3) zinc bromide. In hydrochloric acid 
solution the solvent action of the above salts is increased. The following salts 
are also good solvents In hydrochloric acid solution: mercuric chloride, bis- 
muth chloride, antimony pentachloride, tin tetrachloride, and titanium 
tetrachloride. In the case of the last-mentioned salt the swollen, transparent 
character of the cellulose fibers preliminary to solution can be seen very 
nicely. 

Try selected solvents suggested by the instructor. 

Hemiceleueoses 

The hemicelluloses differ from cellulose in that they may be hydrolyzed 
upon boiling with dilute mineral acids They differ from other polysac- 
charides in being not readily digested by amylases. Upon hydrolysis hemi- 
cellulose may yield pentoses or liexoses or both, together with uromc acids. 
The vegetable gums and pectins may be included under this head. 

Pentosans. Pentosans yield pentoses upon hydrolysis. So far as is 
known they do not occur in the animal kingdom. They have, however, a 
very wide distribution in the vegetable kingdom, being present in leaves, 
roots, seeds, and stems of all forms of plants, many times in intimate asso- 
ciation or even chemical combination with galactans and uronic acids In 
herbivora, pentosans are 40 to 80 per cent utilized. The few tests on record 
as to the pentosan utilization by man indicate that 80 to 95 per cent dis- 
appears from the intestine. According to Cramer, bacteria are efficient 
hemicellulose transformers. It has not yet been demonstrated that pento- 
sans form glycogen in man, and for this reason they must be considered 
to play an unimportant part in human nutrition. Gum arabic, an impor- 
tant pentosan, may be hydrolyzed by boiling with strong hydrochloric 
acid for a short time. The pentose arabinosc results from such hydrolysis. 

Galactans. In common with the pentosans the galactans have a very 
wide distribution in the vegetable kingdom. One of the most important 
members of the galactan group is agar-agar, a product prepared from 
certain types of Asiatic or American seaweed. Chemically, the agar mole- 
cule appears to consist of a chain of n-galuctose units linked by a 1,3- 
glycosidc bond, with a single L-galactose unit in a 1,1 linkage at the 
reducing end of the chain, this latter unit also being estcrificd in the G 
position with sulfuric acid. Thus the products of hydrolysis include much 
n-galaetose, some n-galactose, and sulfuric acid. This galactan is about 50 
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per cent utilizable by herbivora and 8 to 27 per cent utilizable by 
Agar ingestion has been shown to be a very efficient therapeutic a 
cases of chronic constipation. This is particularly true when the const p , 
tion is due to the formation of dry, hard fecal masses (scybala), a 
of fecal formation which frequently follows the ingestion of a diet win 
is very thoroughly digested and absorbed. The agar, because of its re * 
tive indigcstibility and its property of absorbing water, yields a bui 7 
fecal mass which is sufficiently soft to permit of easy evacuation. Aga 
has been used with good results in the treatment of constipation in c ^ 
dren. Agar is not limited to its use in connection with constipation, u 
may serve in other capacities as an aid to intestinal therapeutics. 

Dextrans and Levans. The dextrans arc polysaccharides produced ) 
the action of certain bacteria on sucrose, the reaction being as follows. 


nCijHjjOn — nC*HtiO« -f (CtHi(,Os) B 
Sucrose Fructose Dextran 


In effect, the fructose residue is removed from the sucrose molecule, an 
the remaining glucose residues polymerized to form the polysaccharide 
dextran. The dextrans have a high molecular weight (which varies wnn 
the conditions of preparation and species of organism used) and ford 
rather viscous colloidal solutions in water. For many years they were re- 
garded as undesirable by-products in the sugar and fermentation indus- 
tries. They have attracted considerable clinical interest because of their 
proposed used as plasma substitutes, since they form nontoxic solutions 
with a high colloidal osmotic pressure, suitable for intravenous adminis- 
tration as a temporary replacement for plasma proteins lost from tb c 
blood by hemorrhage. Dextrans so administered gradually disappear frod 
the circulation; their metabolic fate is however still obscure. 

The dextrans consist almost entirely of D-glucose units joined in chain 3 
by 1,6-gly coside bonds, with evidence for occasional cross-linking be- 
tween chains by the formation of 1,4 bonds. On hydrolysis with dilute 
acids dextrans yield only n-glucose. In general, dextrans are not acted 
known ° r “ nary amy ' ase3 > although some exceptions to this rule aft 


Similar polysaccharides containing fructose residues and known as if 
PF oliuc « i by certain microorganisms. The reaction is ansl' 
3 Iwlf. • ST f 7 de * 4ran [or ™ a «<>n, with the formation of glu^ 
except that the incidence of side reac- 
tions m\ oKing the breakdown of part of the sucrose to free glucose and 

fmcTo*^ ??r r n C1,emiCaUy ’ levans found to be poU" 
Sn aSl," ^linkages between units, thus differing fro» 
f “ mue 

proper co'ncentmd™ TT? are , coll ° id a> carbohydrates which with tW 

sugar (usually sucrnvf ^l t £°'7« Per Cent P ectin . 65 to 70 per cent ol 

.pared from apples and’ lemnn<f l ° 3 ' 5 ' Conim ercial pectin ft P* 6 " 

apples and lemons. On hydrolysis the pectins yield galactu- 
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ronic acid, arabinose, galactose, acetic acid, and methyl alcohol. The char- 
acteristic properties of pectin appear related to the presence of a long 
chain of anhydrogalacturonide residues, partly methyl esterified. Non- 
galacturonide material, galactan, and araban, which appear to act chiefly 
as diluents, may however make up a considerable portion of the weight 
of the pectin. 

EXPERIMENTS ON A PENTOSAN 

1. Solubility. Test the solubility of gum arabic in hot and cold water and 
alcohol. 

2. Iodine Test. Add a drop of dilute iodine solution to a little gum arabic on 
a test tablet. It resembles cellulose in giving no color with iodine. 

3. Hydrolysis of Gum Arabic. Introduce a little gum arabic into a test tube, 
add 5 to 10 ml. of strong hydrochloric acid (cone. HC1 and water 1:1), and 
heat to boiling for 5 to 10 minutes. Cool, neutralize with sodium hydroxide, 
and test by the Benedict or some other reduction test. A positive reaction 
should be obtained, indicating that the gum arabic has been hydrolyzed 
by the acid with the production of a reducing substance. What is this re- 
ducing substance? Ifow would you identify it? 

EXPERIMENTS ON A GALACTAN 

1. Solubility. Test the solubility of agar-agar in hot and cold water. Observe 
Its marked property of imbibing water (see above). 

2. Iodine Test. Add a drop of dilute iodine solution to a little agar-agar on a 
test tablet. It resembles cellulose in giving no color with iodine. 

3. Hydrolysis of Agar-agar. Introduce a few pieces of agar-agar in a test 
tube, add 5 to 10 ml. of strong hydrochloric acid (cone. HC1 and water 1; 1) and 
heat to boiling for 5 to 10 minutes. Cool, neutralize with sodium hydroxide, 
and test by the Benedict or some other reduction test. A positive reaction 
should be obtained, indicating that the agar-agar has been hydrolyzed by the 
acid with the production of a reducing substance. What is this reducing sub- 
stance? How would you Identify it? 

EXPERIMENTS ON PECTIN 

/. Preparation of Pectin. Pare off the yellow layer from a grapefruit rind. 
Run through a meat chopper, cover with water, and let stand over night. 
Strain on cheesecloth and squeeze out the fluid. Boll the pulp with water 
for about two hours, bringing finally to a low volume. Pour off the fluid and 
add alcohol to precipitate the pectin. Filter and dry. 

2. Formation of a Gel. Into a weighed 400-ml. beaker Introduce 70 g. of cane 
sugar, 1 g. of dry pectin, 0.5 g. of citric or tartaric acid, and 100 ml. of water. 
Heat to boiling. Concentrate to a weight of 100 g. Let It stand over night. 

REVIEW OF CARBOHYDRATES 
In order to facilitate the student’s review of the carbohydrates, the 
preparation of a chart similar to the appended model is recommended. The 
signs -r and — may be conveniently used to indicate positive and nega- 
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THE LIPIDES 

The term lipide is applied to a group of naturally occurring substances 
characterized by their insolubility in water and their solubility in such 
fat sohents as ether, chloroform, boiling alcohol, and benzene. They are 
limited to substances which are utiiizable by the animal organism. Indi- 
vidual members of this group show large individual variations in solu- 
bility, but as a class the lipides are readily distinguishable from the car- 
bohydrates and the proteins, the other two great groups of naturally 
occurring compounds. Chemically, the lipides are either esters of fatty 
acids or substances capable of forming such esters. They are very wide- 
spread in nature, being found in all vegetable and animal matter. Some 
members of this group, such as the phosphatides and sterols, are found 
in all living cells where, with the proteins and carbohydrates, they form 
an essential part of the colloidal complex of protoplasm. Complex lipides 
are also found in large quantities in brain and nervous tissues, thus indi- 
cating the important role these substances must play in the living organ- 
ism. Other lipides, such as the fats and oils, represent the chief form in 
which excess nutrients are stored in the animal body. They arise from 
ingested lipides and from the metabolism of carbohydrates and proteins, 
and are stored in fat deposits, such as in the subcutaneous connective 
tissue, in the intermuscular connective tissue, in the omentum, in the 
perirenal fat depots, and in the genital fat. Lipides act as heat insulators 
and as reserve supplies of energy. They may be classified as follows: 

CLASSIFICATION 
Simple Lipides 

The simple lipides are esters of fatty acids with certain alcohols. They 
are usually further classified according to the nature of the alcohols, as 
follows: 

1. Fats and Oils. Esters of fatty acids and glycerol. Oils are fats which 
are liquid at room temperature. 

2. Waxes, Esters of fatty acids with, long-chain aliphatic alcohols or 
with cyclic alcohols. These may be subdivided into: (1) True waxes; (2) 
Cholesterol esters; (3) Vitamin A and its earotenoi esters; and (4) Vita- 
min D esters. 
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Compound on Conjugvtl Liiides 
The compound hpides are ester, of fifty •Kids nlitcli, on hjdroVjsts, 
yield other substances m addition to fatty acids and all alcotiol borne 
important members of this group are , 

1. Phospholipidcs (Phospha tides). I ipidts which, on hydroljsi* 
yield fatty acids, phosphoric acid, sometimes, but not always, gljccro , 
and a nitrogenous base These are subdivided into the following groups 

(a) Lecithins Lipidcs containing fatty acids, phosphoric acid, gl> c ” 

erol and the nitrogenous base choline . 

(b) Cffiialins Lipidcs which yield on hydroljsis fatty acids, glyccro 
phosphoric acid, and cither the base cthanolamme (colamine) or t c 
amino acid serine Lipidcs of uncertain structure which contain inositol 
fatty acids, phosphoric acid, ethanolaminc and possibly galactose an 
tartaric acid arc also included in tins class 

(c) Sphingomyelins Lipidcs containing the nitrogenous base sphin 
gosme a single fatty acid molecule, phosphoric acid and choline, hut »° 
glycerol 

2 Cerebrosides. Lipides which contain carbohydrate (galactose or 
glucose), one fatty acid and sphmgosinc, but no phosphoric acid or 
glycerol 

3 Sulfohpldes Similar to cerebrosides except that sulfunc acid is 
present as cerebronic acid ester Sulfohpides containing sphingosine, g^ 
lactose cerebronic acid, sulfunc acid and potassium hav c been described 


Derived Lipidi s 

The derived lipidcs arc substances formed in the hydrolysis of simple 
or compound lipidcs which btill retain the properties of this class of 
compound 

1. Fatty Acids Saturated and unsaturated at ids 
2 Alcohols Compounds of high molecular weight but not gyccrol 
These may be classified as follows 

(a) Aliphatic alcohols such as cetyl (CH*(GII*), 4 CH 2 OH) stearyl 
(ClI*(CH*)i,CH*OH) and myncyl (GH 2 (GH 2 ) 2)l CH 2 OH) 

(b) Sterols which contain the phenanthrene nucleus (cholesterol 
ergosterol, sitosterol stigmastcrol) 

(c) Alcohols Containing tue /3 Ionone Ring T hesc include vitamin 
A. k‘tol and carotenols such as cryptoxanthin lutein and zeaxanthin 

3. Hydrocarbons Compounds having no carboxyl or alcohol groups 
anti which cannot be saponified 

(a) Auuunc tunwacMmosa Fentarosane C11 i(CH 2 ) 22 CH», and 
homologucs to hentriacontane G 2 ill« 4 

(b) Carotenoids C m II m compounds such asa.fi- and y-carotenc 
anti ljcopenc 

(c) Squalinf Unsaturated hydrocarbon C M II„ in oluc and shark 
liver oils 

... lI Uai TJ n f D Dlfrc , r from btero, ds in that the phenanthrene nucleus 
w ruptured between carbons 9 and 10 


* Bhx Z pAyiuJ Chen 219 82 (1033) 
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5 Vitamins E. Chroman derivatives, a-, S-, V, and 5-toeopheroIs 
6. Vitamins K. Derivatives of 1,4 naphthoquinone with long hydro- 
carbon side chains 

THE FATS 

stearlff acid^CH^fCH-i) ^COhHl^are^stra^t-chain^satura^ed acnis^bfr- 

0°S^e— ra^i from ^ to 

bonds in their molecules Thus oleic acid gj^JWhM and lln . 

in its m °1^7' e '^ a ^T h “i three* Practically all the fatty acids found m 
olemc acid (C 1S H 3 »0 2 ) has tore at0 ms, althougll porpoise oil 

nature contain an e\ en number shoun to contain isovaleric 

and the head od of the white whale some hpldes CO n- 

acid (CfiHioOa) J “ "^n Stod and uLturated, and d.carbovyhc 
tam hydrovy acids both saturat ted hydrox y acid, ncinoleic 

acids Thus castoi oil contains - unsatu rated fatty acids are 

acid (C,.H„0,) Certain cyclic tant eh em,cal and phys- 

Ukeuise found in nature Some of t d fatty aclds a re discussed 

ical properties of saturated and unsaturatea la y 
below 

SATURATED FATTY ACIDS, C.Hi.Oi on CUW.COOH 
SATURA saturated fatty acids depend upon their 

The physical properties of the lds tb at contain ten carbon 

molecular weights Whereas th ° s . at room temperature, the re- 

atoms or fewer in their molecules 1 ns( , wltb lncre asing molecular 
mainder are solids whose meltm , s p volatile fatty acids, since they 

"eight The liquid acids are a'so h u the nonv 0 i a tile acids, are 

may be distilled with steam, whereas the otuc , 

Saturated Fatty Acids ^ 


Common Name 

Chemical Name 

Structure 

Butjnc 

Caproic 

Caprj he 

Capric 

Laurie 

Butanoic 

llevanoic 

Octanoic 

Dccanoic 

Dodecanoic 

CHi (CH*)i COOH 
CH. (CH-). COOll 
CH. (CH-). C00I! 

ciij (Ciiih coon 

cn. (CHO..COOH 

Mjnstic 

Tctradccanoic 

jCHi (CHt)i* COOH 

I 1 Umitie 

llevadccanoic 

CH* (CH*)i» COOll 

Stearic 

OcUdecanoic 

CH. (CH.)i* COOH 

Vrachidic 

llchuuc 

Lignoeeric 

1 ico niunc 

Doco'v.moie 

*letraco»auoic 

CH* (CUi)a COOH 
CI1* (CH-)** COOH 
CH. (CH ) .COOH 


Occurrence 


Butter fit 

Butter fat coconut oil 

Butter fat coconut oil 

Butter fat coconut oil 

Laurel kernel oil butter fat, 
coconut oil 

Nutmeg fat, butter fat 
% cgetablc fats. 

Most vegetable and animal 
fata 

Mo»t vegetable and animal 
fits 

1\ umt oil 

Rape<eed oil, peanut oil 

Ccrebrosidra sphingomyelin 
peanut oil 
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earned over by steam distillation only in traces or not at all Fatty acids 
vv ith four carbon atoms or fewer arc miscible vv ith w ater in all proportions 
As the length of the carbon chain increases beyond this, however, the 
solubility rapidly diminishes to zero The common straight-chain satu- 
rated fatty acids found in nature as constituents of hpide molecules are 
listed in the table on p 99 

UNSATURATED FATTY ACIDS 
The unsaturated fatty acids arc characterized by the presence of one 
or more double bonds m the molecule They have been classified m ac- 
cordance with the number of double bonds as monoethenoid, diethenoid, 
tnethcnoid, etc , and named by reference to the parent hydrocarbon, 
the position of the double bond or bonds m the chain being indicated by * 
number referred to the carboxyl carbon atom as number one As is true o 
the saturated fatty acids, many of the unsaturated fatty acids have com 
mon names which may be used as frequently as the chemical name 
Because of the presence of the double bond the unsaturated fatty acids 
arc much more reactive than the saturated acids, the reactivity increasing 
with increase in the number of double bonds The unsaturated fatty acids 
arc capable of taking up one molecule of water, oxygen, hydrogen, bro- 
mine, or iodine at each double bond, and the amount of such substance 
(e g , iodine) absorbed by a given weight of acid is used to determine its 
degree of unsaturation It is obvious that a variety of isomensm is P 05 " 
siblc among the unsaturated fatty acids, depending not only on the posi 
tion of the double bond m the chain but also on cis irana isomensm across 
a double bond Relatively few of the large number of possible isomers of 
the unsaturated fatty acids are found m nature 
The most common unsaturated fatty acid found in nature js the mono- 
cthenoid acnl oleic acid (9-octadccenoic acid) This acid is bo w idely dis- 
tributed that, according to Hilditch, no natural fat or phosphatide has 
as yet been found not to contain oleic acid Vacceruc acid, an isomer of 
oleic acid, has received considerable attention It occurs in low concen- 
tration in certain animal and vegetable tissues Other common unsatu- 
rated fatty acids include (1) the diethenoid acid linoleic acid, found m 
both animal and plant fats, (2) hnolcmc acid, which is a tnethenoid acid 
found largely in vegetable fats, but also in some animal fats (horse, egg 
yolk), and (3) araclndomc acid, a tetraethenoid acid which is found in 
both the fat and the phosphatide fractions of many animal tissues, par- 
ticularly m liver and m suprarenal phospholipides The chemical char- 
acteristics of these representative straight-chain unsaturated fatty acids 
follow 
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From the empmcal founulas it can be been that oleic, bnoleic, and hno- 
lemc acids may be considered dematives of the saturated Cu acid, ste- 
aric acid, and araclndomc acid is an unsaturated form of the C20 acid, 
arachidic acid Similar ethenoid derivatives are known of many of the 
other saturated fatty acids found in nature 

In addition to the straight-chain fatty acids so far described, a mini her 
of branched-cham and cyclic fatty acids, both saturated and unsatu- 
rated, have been isolated from natural sources Tuberculostearic acid 
(10-methylstearic acid) has been obtained from the wax of the tubeicle 
bacillus, as has phthioic acid, a methylated branched chain C 28 acid which 
is possibly 3,13,19-tnmethyltricosanoic acid, although this structure has 
been disputed The latter appears to be associated w ith some of the clini- 
cal manifestations of tuberculosis It is interesting to note that these and 
other fatty acids are found m tubercle wax as esters of the disaceharide 
trehalose (see Chapter 2) In chaulmoogra oil the unsaturated cy chc fatty 
acids chnulmoognc acid and hydnocarpic acid are found, these acids or 
their dem atives have been used in the treatment of leprosy 


CH=CH 


\ 


CH— CH 


CH (CH,) I2 COOH 


CH,— CH- 

Chaulmoogric acid 


\ 

C 


CH (CH,), 0 COOH 


CH, — CH, 

Hydnocarpic acid 


The Fats. The fats are neutral esters of glycerol and fatty acids An 
example is tristearm, synthesized m living tissues from one molecule of 
glycerol and three molecules of stearic acid 


CH 2 OH 

CHOH 


CH 2 OH 

Glycerol 


HOOCCi H n CH,— OOCC„H« 
+ HOOCC„Hu -♦ CH— OOCCuHu 
HOOCCnHu CH,— OOCC„H ss 

Stearic acid Tristearln 


Of the three molecules of fatty acid entering into the composition of a 
“true” or neutral fat, all may be the same, as m tristearm, 111 which case it 
is referred to as a simple triglyceride However, more commonly two or 
three different fatty acids are involved, and such a fat is called a mixed 
glyceride, the composition being indicated by the name as oleodipalmitin, 
stcarodiolem, oleopahmtosteann, etc Mixed glycerides occur much more 
commonly than do simple glycerides such as tristearm, tnpalmitm, and 
triolein The possibilities of stereoisomerism among the fats are many, 
they include isomerism due to the same fatty acids being arranged differ- 
ently 111 the molecule, as w ell as optical isomerism w hen the middle carbon 
atom of the glycerol portion becomes asymmetric or when an optically 
active fatty acid is present Such isomerism appears to he of much less 
physiological importance in the fats than in carbohydrates and proteins 
Dtglyceridcs (containing two fatty acids) and monoglycendes (contain- 
ing one fatty acid) hav e been shown to bo normal intermediates arising 
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in fat digestion. The 1,2-diglyceride and the 2-monoglyceride are believed 
to lie the primary types. 4 . , 

Animal Fats. Naturally occurring animal fats consist largely of mixed 
glycerides of oleic, palmitic, and stearic acid; furthermore they are usuall) 
mixtures of individual fats. Fats from various sources differ considerably 
in their fatty acid composition. Mutton fat contains more stearic acid 
and lc-s oleic arid than pork fat. Human fats contain a high percentage of 
oleic acid. Butter fat consists largely of glycerides of palmitic and oleic 
auds, with small amounts of stearic acid and oS the lower Satty acids such 
as butyric and caproic; significant \anation in this connection may be 
noted from species to species (sec Chapter 12). 

General Properties of Fats. Pure neutral fats are odorless, tasteless, 
and generally colorless: the color of natural fats and oils is ordinarily due 
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Although most fats may exhibit sharp melting points under certain speci- 
fied conditions marked differences can be demonstrated between melting 
point and solidify mg point These discrepancies hav e been related to the 
fact that fats may occur in se\ oral polymorphic forms, depending upon 
the rate of cooling and the temperature at which they are maintained 
The se\ eral forms are referred to as a, 0 , 0 ', and 7 t> pes They vary 111 
stability, melting point, gross and microscopic appearance, \ ray diffrac- 
tion pattern, crystal structure, density, and other properties The 7 form 
has the lowest melting point, the a, 0 (when present) and 0 forms have 
progressively higher melting points The polymorphic forms change to 
the 0 isomorph on standing, this is the most stable of the polymorphic 
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forms Terguson and Lufcton 4 reviewed the polymorphism of fats, and the 
melting points of the know n modifications ha\ e been listed by Bailey 6 
Alixed glycerides containing a high proportion of unsaturated fatty 
acids are usually liquid at room temperature, as indicated above, and are 
commonly called oils These oils take up hydrogen at their double bonds, 
in the presence of catalysts such as finely divided nickel, an,d are thus 
converted into solid fats This process is called hardening or hydrogena- 
tion Many commercial fate are partially hydrogenated vegetable oils 
There is no known nutritional objection to the use of properly hydro- 
genated vegetable oils m place of animal fats For example, in experi- 
ments on rats and on man it was shown that hydrogenated vegetable 01) 
was as satisfactorily digested and utilized as lard, and was less liable to 
cause gastric or mtestiual symptoms of an objectionable nature 4 Further- 
more, under conditions m which oxidation may cause destruction of essen- 
tial factors in the diet, the use of hydrogenated oil is claimed to be prefer- 
able to the use of unhydrogenated vegetable or animal fate 7 

* rcrgu&on and Iaitton Chcm Rets M 35o (1911) 

‘ Bailoj If elite 9 and Solid tf cation of Pals Xen V ork Interne tenoo Publishers Inc 1951 

* Smith "Miller and Hawk J Biol C hem 2i oOj (1J15) Smith Ohio Stale \fcd J, 39 
4C3 (1911) Deuel nid Grecnl>erg borUchr Chem Org V alurstoffe 6 1 (1930) 

7 Miller J tnlton 26 -43(1943) 
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When a fat is allowed to stand for a sufficient length of time m contac 
with air and moisture particularly in the presence of light and heat cer 
taui changes occur and it becomes rancid Three types of rancidity nave 
been described, namely, oxidative, ketome and hydrolytic The firstly 
the most important m the spoilage of fat Rancid fats are unpalatable 
and appear to be slightly toxic for some individuals and destructive to 
other factors in the food such as carotene and vitamin A 8 and vitamin b 
The preservation of a mixed food is frequently a matter largely of 
prevention of fat deterioration 

Prevention of Rancidity by Antioxidants. Compounds which re- 
tard the rate of development of rancidity m fats and oils are known as 
antioxidants It is now generally agreed that oxidative rancidity proceeds 
1>> virtue of a chain reaction The unsaturated fat first combines with 
oxjgcn to form a peroxide This intermediate either spontaneously breaks 
donn to an aldehyde or forms such a compound after interaction with 
water 1 he aldch)dc in turn uutoxidi/cs to a peracid, which oxidizes new, 
unsaturated linkages simultaneously with its transformation to an ordi 
narv and 

Vutioxid&nts arc able to disrupt this chain reaction Thus after the 
oxidant ( V) is changed to a peroxide ( VO,), the antioxidant (B) behaves 
as follow h 


VO, + B -► \0 + BO 
AO + BO -► A + B + O, 
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Emulsions. When oil or liquid fat is shaken ■with water, it becomes 
finely divided and is dispersed in the water to form what is known as an 
emulsion. Emulsification with water alone is of course inefficient and 
transitory. In the presence of emulsifying agents dispersion of fat globules 
is more complete and hence more permanent. Among the important emul- 
sifying agents are soaps, proteins, bile salts, mono- and diglycerides, and 
such technologically useful substances as the fatty acid esters of poly- 
meric glycols or sugar alcohols like Myrj, Span, Tween, etc. Emulsifying 
agents act by lowering the surface tension of the aqueous phase and are 
presumably adsorbed on the surface of the tiny oil globules to form a film 
which minimizes the tendency of the globules to coalesce. A very fine 
powder which is net by oil but not by water will likewise form a film 
around oil droplets and stabilize the emulsion. Oil-in-water emulsions are 
also stabilized by the use of gums which increase the viscosity of the 
aqueous or external phase. The formation of emulsions is of importance 
in pharmacy, in industrial practice, and in the processes of fat digestion 
in the intestinal tract. 

Hydrolysis of Fats. Fats may be hydrolyzed by various agents, with 
the liberation of fatty acids and glycerol. Such agents are superheated 
steam, long-continued action of air and light, bacteria, and the enzyme 
lipase. When boiled with alkali the fats give glycerol and the metallic salt 
of the fatty acid. 

CjH 5 (OOCCi s Hji) 3 4- 3NaOH C 3 H 5 (OH) 3 + 3C 15 H 31 COONa 
Tripalmitln Glycerol Sodium palmltate 

This process is known as saponification, and the metallic salts of thehigher 
fatty acids are known as soaps. The ordinary hard soaps of commerce are 
chiefly sodium soaps. Potassium forms soft soaps, of which green soap 
is an example. Calcium and magnesium form insoluble soaps. When ordi- 
nary soap is added to hard water a certain amount is used up in the 
precipitation of calcium and magnesium salts before the soap becomes 
e iTecth e. Lead salts also form insoluble soaps. 

The detergent (cleansing) action of soaps is due largely to their ability 
to lower surface tension and thus facilitate emulsification of oily or greasy 
material, which can then be washed away. The commercial production of 
synthetic detergents has become of importance; these may be exemplified 
by one type which is a compound of sulfuric acid and cetyl alcohol, 
Ci*H hOH, the alcohol analogue of palmitic acid. Synthetic detergents act 
similarly to soaps by lowering surface tension; they are not inactivated 
by calcium and magnesium, however, and are therefore equally effective 
in hard and soft water, as the ordinary soaps are not. 

Methods Used in Study of Fats. As the separation and identification 
of individual fats is a difficult matter, the properties commonly studied are 
of a general character. The saponification talue of a fat is the number of 
milligrams of KOH required to neutralize the free or combined fatty acid 
in 1 g. of fat. It is determined by saponification and titration of excess 
alkali and is a measure of the mean molecular weight of the fatty acids 
pre&ent in the fat. The Itcichcrl-Mcissl number of a fat is a measure of the 
amount of volatile fatty acids and is determined by titration of the steam 
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distillate The \olatile fatty acids which also include the soluble ones, 
are those containing ten or fewer carbon atoms Butter w rich in these, 
but moat butter substitutes are not I he determination of theMj acids is 
of use in detecting adulteration of butter 
The unsaturated fatty acids, of which oleic acid is an example, differ 
from the saturated acids in their power to take up iodine at the double 
bond — CH=CII— + I* -> —CHI— CHI— The iodine xalue is thus a 
measure of the amount of unsaturated fattj acid present in a fat The 
more highly unsaturated fatty acids (di , tn-, and tetraethenoid) are 
determined by their spectrophotometnc absorption characteristics 
Waxes Ihe waxes are estera of fattv acids with monatomic alcohols 
Examples are spermaceti, containing chiefly the palmitate of cctj 1 alcohol 
(CielljjOIl) and beeswax, consisting mainly of the palmitate of mjncjl 
alcohol (CmH«i 011) They arc saponified with greater difficult} than fats 
and are not attacked by lipase 

Compound Lipides and Sterols. See Chapter 11, Xcn ous Tissue and 
Chapter 18, Bile and Liver Function. 

Biological Importance of Fats. Fats serve as a storage food in plant 
and animal organisms and are of great importance for cellular processes, 
evident!} along with other lipides The} are constituents of cell mem 
branes, and are thus concerned with the phenomena of cell permeabilit} 
and cell organization The highly unsaturated fatty acids lmoleic and 
unolemc, appear to be netessar} in the diet of certain animals to prevent 
a skin syndrome (See Chapter 33 for a further discussion of fats and fat 
metabolism ) 
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CH, Oil CHO 

ill OH -i CH + 2H,0 


iH, 


a, OH CH, 
Glycerol Acrolein 


(b) Repeat the above test using (1) 3 to 4 drops of oleic acid and (2) a little 
solid carbohydrate instead of olive oil. Heat vigorously and note the odor of 
SOj in both tubes. Organic compounds reduce KHSO* to SOi, which is often 
mistaken for acrolein. Even fats, if heated too vigorously, yield S0 2 as well as, 
or after, the acrolein. 


5. Emulsification . (a) Shake up a drop of neutral 11 olive oil with a little 
water in a test tube. The fat becomes finely divided, forming an emulsion. 
This is not a permanent emulsion since the fat separates and rises to the top 
upon standing. 

(b) To 5 ml. of water in a test tube add 2 or 3 drops of 0.5 per cent Na 2 CQ». 
Introduce into this faintly alkaline solution a drop of neutral olive oil and 
shake. The emulsion, while not permanent, is not so transitory as in the case 
of water free from sodium carbonate. 

(c) Repeat (b), using rancid olive oil. What sort of emulsion results? In 
this case the alkali combines with the free fatty acid to form soap, and this 
soap, being an emulsifying agent, emulsifies the fat. 

(d) Shake a drop of neutral olive oil with dilute albumin solution. What is 
the nature of this emulsion? Examine it under the microscope. 

(e) Repeat (d), using bile salt solution instead of albumin solution. Com- 
pare the stability of the emulsion with that obtained in (a). What is one of the 
physiological functions of the bile? 


6. Eat Crystals. Dissolve about 40 drops of melted lard in 10 ml. of ether in a 
test tube, stopper loosely with some filter paper, and allow the mixture to 
evaporate spontaneously until crystals begin to separate out. Transfer some 
of the material to a slide, examine the crystals under the microscope, and 
compare them with those reproduced in Figs. 34, 35, and 36. 

7. Saponification of Bayberry Tallow. 11 Place about 10 g. of bayberry tallow 
in a 600-mi. beaker; add about 150 ml. of distilled water and 50 ml, of 10 
per cent potassium hydroxide solution (not sodium hydroxide). Boil the 
mixture for 10 to 15 minutes, or until saponification is complete (no Oily 
layer remaining on the surface). When saponification Is complete, 13 remove 
25 ml. of the hot soap solution, dilute it with about 100 ml. of distilled water, 
and reserve this solution for use in Exp, 8 and 9 below. To the remainder of 
the hot solution slowly’ add concentrated hydrochloric acid until the mixture 
is acid (about 10 ml. are required). 1 * The free fatty acid formed will rise to the 
top as a clear oily layer. Now cool the solution, permitting the fatty acid to 
solidify and form a cake. In this Instance the fatty acid Is principally palmitic 


u .\ tulral oli\ o oil may be prepared by slinking ordinary olive oil with a 10 per cent 
solution of sodium carbonate Thu, mixture should then be extracted with ether and tho 
ether remov ed bv cv uporauon The residue is neutral ohv c oil 

13 Bay berry t dlow is den vet] from tho fatty covering of the berries of the wax myrtle It 
is therefore frequently c died myrtle irctr or bayberry uoi, 

13 Place 1 or 2 drop* in a te»t tube full of hot distilled water 1/ saponification is complete, 
the soap formed w ill remain m solution and no oil will separate out. 

14 Under some conditions a purer product is obtained if the soap solution is cooled before 
precipitating the fatty acid. 
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acid. Remove the cake, break it into small pieces, wash it with water by de- 
cantation, and place in a beaker containing about 50 ml. of 95 per cent alco- 
hol. Warm the mixture by placing the beaker in a vessel containing some hot 
water, until the palmitic acid is dissolved; then Glter through a dry fih er 
paper and allow the filtrate to cool slowly in order to obtain satisfactory 
crystals. 

When the palmitic acid has completely crystallized, filter oil the alcohol, 
dry the crystals between filter papers and by exposure to the air, and try 
the tests given in Exp. 11. Write the reactions which have taken place in this 
experiment 

8. Salting-out of Soap. To 100 ml. of soap solution, prepared as described 
above, add solid sodium chloride to the point of saturation, with continual 
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(c) Melting Poznt Determine the melting point of palmitic acid by any 
standard method. A value lower than the theoretical will be obtained because 
of the presence of impurities. 

(d) Foh-Uatiov of Translucent Stot on Paper Melt a little of the fatty acid 
and allow a drop to fall upon a piece of ordinary writing paper. How does this 
compare with the action of a fat under similar circumstances? 

(e) Acrolein Test. Apply the test as given under 4, p. 106. Explain the result. 

(f) Iodine Absorption. Test. For directions see Exp. 14. 

12. Saponification oj Lard. To 25 g. of lard in a flask add 75 ml. of alcoholic- 
potash solution 14 and warm on a water bath until saponification is complete. 
(This point is indicated by the complete solubility of a drop of the solution 
when allowed to fall into a little distilled water.) Now transfer the solution 
from the flask to an e\aporating dish containing about 100 ml. of water and 
heat on a water bath until all the alcohol has been driven oil. Acidify the solu- 
tion with hydrochloric acid and cool. Remove the fatty acid which rises to 
the surface, 14 neutralize the solution with sodium carbonate, and evaporate 
to dryness. Extract the residue with alcohol, remote the alcohol by evapora- 
tion on a water bath, and on the residue of glycerol thus obtained make the 
tests as given below. 

13. Glycerol, (a) Taste What is the taste of gljcerol? 

(b) Solubility. Try the solubility of glycerol in water, alcohol, and ether. 

(c) Acrolein Test. Repeat the test as given under 4, p. 106, using 2 drops of 
glycerol. 

(d) Borax Fusion Test. Fuse a paste of glycerol and powdered borax on a 
platinum wire and note the characteristic green flame. This color is due to 
the glycerol ester of boric acid. 

(e) Benedict's Test. Add a few drops of glycerol to 5 ml. of Benedict’s reagent 
and boil for 2 to 3 minutes. How does the result compare with the results on 
the sugars? 

(f) Solution of Cu(OH)i Form a little cupric hydroxide by mixing copper 
sulfate and sodium hydroxide. Add a little glycerol to this suspended precipi- 
tate and note what occurs. Explain. 

14. Iodine Absorption Test . Dissolve 5 to 10 drops of an unsaturated organic 
acid, e.g., oleic acid, in about 5 ml. of chloroform. Add some Hubl’s iodine 
solution,” a drop or two at a time, and shake between additions. The solution 
will be decolorized if unsaturated acids are present. This is due to the absorp- 
tion of the iodine. The test should be controlled by shaking chloroform and 
Iodine solution to which no nol«i hna hoon <*< Mod. 
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solution of phenolphthalein. and titrate with 0 5 N I1CI Subtract * he . 
tion value of the control from that of the unknown One ml of th * 
equivalent to 0 02805 ft of kOH Calculate the number of mft of kOU i 
qulred to saponify 1 ft of the oil 

16 Determination of Iodine Absorption dumber With a clean dry 
measure 0 3 ml of oil Into a dry 100 ml Erlenme>er flask Calculate ^ 
weiftht of the oil from the specific ftravlty (For accurate work the oil *® us 
be weighed ) Vdd 10 ml of carbon tetrachloride and after solution of t e 
add exactly 25 ml of Wijs* Iodine solution 11 Mix well, stopper, and put ** 
dark place for 1 to 2 hours Transfer quantitatively to a 500 ml flask, was n 
out the small flask with 10 ml of 10 per cent hi solution and with water 
make a volume of about 250 ml Titrate with thiosulfate to a liftht brown co o ^ 
add starch paste and titrate to disappearance of the blue color After t 
blue color has disappeared from the aqueous phase, the carbon tetrachlor 
layer in the bottom of the flask usually contains untitrated Iodine as *'* 
denced by a pink or violet color This Iodine may be brought Into the aqueou* 
layer by continuous shaking The end point of the titration is reached w 
both the aqueous and nonaqueous phases are completely colorless Calculate 
the number of centigrams of iodine absorbed by 1 ft of fat This is the iodine 
absorption number, or the iodine value, of the oil 
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Proteins: Their Composition and Hydrolysis; 
Amino Acids 


• PROTEINS 

Definition. Proteins have been defined as extremely complex mtrogen- 
coiilaimng organic compounds which are found m all animal and vegetabl e 
cells, where j thev_C-Q nstitute a major part ofTbe l iving proto plasm of those 
cells T heDutcli physiological chemist G J Mulder, who at the sugges- 
tioiTof the famous chemist, Berzelius, derived the w ord prot ein from the 
Greek irpwros, “first," said in 1840 “In both plants and animals a sub- 
stance is contained which is produced within the foimer, and imparted 
through the food to the latter It is one of the most comphcated sub- 
stances, is very changeable m composition It is unquestionably the 

most important of all known substances in the organic kingdom Without 
it no life appears possible on our planet Through its means the chief 
phenomena of life are produced ” Proteins, carbohydrates, and fats form 
the three gieat classes of foodstuffs, but the function of protein in the 
diet is not primarily to supply energy, as is true of the other tw o, but to 
furnish certain essential components of the living tissue of the organising 
itself Although plants, including many bactcua, aie capable of synthesize 
mg proteins from simple organic and inorganic nitrogenous compounds, 
this ability has been lost to such an extent by the higher animals that 
they must depend upon preformed proteins or rather certain of their spe- 
cific degradation products, the a ammo acids, for the continuance of life 
The capacity of the living organism for storing proteins is limited and 
relatively small when compaied to its capacity for stonng carbohydrates 
and fats Proteins are, however, stored under special conditions as in 
eggs and seeds for use by the developing or immature orginism until it 
can obtain food from its environment Although the carbohydrates and 
hpidcs arc both essential constituents of the colloidal complex which we 
call protoplasm, the proteins arc of paramount importance not only be- 
cause of tliur peculiar chemical and physicochemical properties but also 
because they appeir to confer upon various tj pcs of cells their biological 
specificity In the mam, identical hpidcs and t irboby drates may be found * 
m cells of both plants and amm Us of widely different species, the proteins, 
however, are usu UIv highly ch ir « tcnstic of the spot ics of plant or anmnl, 
itul more often tli in not, of the specific organ in whuh they vre found 
Composition 2 he proteins differ from cirbohydr itcs aid Uts not 
only m their function m the org imam, but also in elementary composition 
HI 
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In ad dition to carbon, hydrogen, an d oxygen, the proteins inv a riably con 
tauTnitrogcn and generally also sulfuF^ej^«aitage_cflmposiiiQD-Cllbe 
Iarg5 numi er ofjirotcins from different sources which have been studi ed 
faUsbctwccn the following rath er narro\CTrmits ^CI =Io() trT55 D gr_cenh. 
lf= 0_0 to_7 3_ncr cent, O =_1 2 to 24 per cent, ^ ==13 to 19 per ce nt, 
= 0 to 4_ percent Proteins have also ~bccndescnBe(Pi\hich . contai n 
phosphorus, iron^ copper, lod merm an gane^e, zinc, and other el ements 
'Cone of these latter elements, with the exception of iodine, has'tbus-fafc’ 
been found as a constituent of the a amino acids, the fundamental units 
from w hich proteins are bmlt up by the organism, and until w e have more 
exact information concerning the composition and structure of the protein 
molecule, wc may assume that theMi elements are combined with protein 
in some unknown way, or, as has been shown in the case of iron, that 
thej arc constituents of nonprotein substances which are combined with 
protein m a way which confers new and characteristic properties upon 
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stituent units, the a-amino acids; (2) partial hydrolysis to yield relatively 
small degradation products (di- and tripeptides, etc.) which are capable 
of separation and complete characterization; (3) stepwise degradation, 
that is, removing one amino acid after another from one end of the poly- 
peptide chain; and (4) the study of the physicochemical, colloid-chemical, 
and biological reactions of the completely intact molecule as well as of 
the slightly changed (denatured) molecule. Until comparatively recently 
the method of complete hydrolysis was the one most commonly employed. 
This procedure is of great importance since it yields the individual units 
from which the protein is formed. However, just as elementary analysis 
of the less complex organic molecules tells us the percentage composition 
of the substance under examination without indicating the atomic ar- 
rangement within the molecule, so complete hydrolysis of a protein re- 
\ eals the quantities of the various constituent amino acids without giving 
much indication as to their special arrangement within the giant mole- 
cule. In order to reveal the great individual differences among proteins 
and to gain an insight into their specific biological functions, such as the 
hormonal action of insulin, the enzymatic effects of pepsin, the role of 
myosin in muscle contraction, the pathogenicity of tobacco mosaic virus, 
etc., all four modes of study must be used. The work of the chemist, 
biologist, physicist, and analyst must be known and appreciated by each 
member of the team before the problem of the complete structure of even 
one protein is to be solved. 

Hydrolysis. Hydrolysis of proteins may be effected: (1) By boiling 
with mineral acids or strong alkalies, at atmospheric or increased pres- 
sures, (2) by treatment with certain long-chain sulfonic acids (cetyl- 
sulfonic acid, diphenylbenzenesulfonic acid, etc.), and (3) by digestion 
with proteolytic enzymes. Commonly, hydrolysis of a protein is carried 
out by boiling it with five to ten times its weight of 6 X hydrochloric acid 
or 8 X sulfuric acid for G to 24 hours. Under special circumstances other 
reagents, such as hydriodic acid, oxalic acid, 5 N sodium hydroxide, hot 
saturated barium hydroxide, or a mixture of formic and hydrochloric 
acids, can be used. Acid hydrolysis, especially if the protein contains 
carbohydrate, usually results in the complete destruction of the amino 
acid tryptophan, and may result in the partial decomposition of certain 
other amino acids. The prolonged heating necessary to effect complete 
hydrolysis by strong alkalies does not affect tryptophan, but results in 
the partial or complete destruction of cysteine, cystine, and arginine, and 
in the racemization and consequent loss of optical activity of all the amino 
acids. Enzymatic hydrolysis has none of these disadvantages of acid or 
alkaline hydrolysis but it is very time-consuming and is seldom complete. 
Hydrolysis of proteins with the above-mentioned sulfonic acids requires 
further investigation. 

to_thc formation of a series of ill-defined fragments of decreasing com- 
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pounds Ph>sicall> the h)dro]ie)3-of.protans - conaJ 1 t 2 jn a b ieakgsjP” 
of the laric, colhmkl t nondiffu‘iblc Lom^es^nta^SBSi^^^Si 
•nhich the colloidal character becomes less an d les3 prtmou nge<h — 
finally only the <=implc, trjjtalloujaplHil^^ 

Since the ammo acids repreMmtIlEcrefo re. the ' bu ilam^idn^lli^-^ 
protein molecure we maj well begin the studj of that molecule by a c 
"sideratioa of the structure and reactions of these fundamental uni 

AMINO ACIDS 

The amino acids thuslar isoLUedJjpmjirotein-hjilrx'lj-zatea-are aami n ° 

acids — that is they ha\e an ammo (\H 2 )_ gronp_at t ach ed,. t o the>a® 
carbon atom that holds the carboxyl (COOH) group Their genera 
mula 1 is therefore 

II 

I 

R— C— COOH 

l 

MI* 

Individual ammo acids differ ,m thexha raeter of I he-x adical 
tojhe a carbon atom 

CLCSSIFICVTION 

The ammo acids may be con\cmentl> classified according to the num' 
her of their ammo and carboxjl groups, as follows (1) Neutral amino 
acids containing one ammo and one carboxyl group, (2) acidic ammo 
acids, contau mg an excess of carbox>l groups and (3) basic ammo acid- 
containing an excess of basic nitrogen The ammo acids in each group m3) 
lie further subdivided according to whether the radical It in the general 
formula represents an aliphatic aromatic or hctcrocj clic nucleus 

Neutral \mi\o Acids 

These acids arc often referred to as monoamino-monocarbox) he acids 
because thc> contain one ammo and one carboxjl group Solutions of 
these acids react essentially neutral These acids form the largest group 
m the protein molecule and most of them nuj be separated in one frac 
tion from thL products of protein hjdroljsis Because of their great chem 
ical and phjsnal similarities the isolation of the individual acids m this 
fraction presents cxj>cnmcntal difficulties 
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2. Alanine, C,H-0,N (a-aminopropioiiic acid) 

NH, 

I 

CH s — C — COOH 

I 

H 

3. Serine, CjHrOaNf/J-hydroxy-a-amiiiopropiomc acid or ^-hydroxy- 
alaniue) 

NH, 

I 

HO— CH,— C— COOH 

I 

H 

4. Threonine, C,H,0,N (a-amino-jS-hydro^y-n-butyric acid) 

H NH, 

CH,— C C— COOH 

OH A 

5. Valine, C5H11O2N (a-aminoiso valeric acid or /3,0~du«cthy]alanine) 

CH, NH* 

\ I 

CH— C— COOH 

/ l 

CH, H 

6. Leucine, C<Hi,0*N (a-aminoisocaproic acid or /5-isopropylalanine) 

CH, NH* 

\ I 

CH— CH 2 — C— COOH 

/ I 

CH, H 

7. Isoleucine, C B Hi30 2 N (0-methyl-cr-aminovaIenc acid or /3-methyl- 
0-cthylalaniue) 

CH,— CH, NH 2 

\ I 

CH— C— COOH 

/ I 

CH, H 


B. AROMATIC AMINO ACIDS 

8 . Phenylalanine, CsHnOjN (/3-phcnyl-ac-arainopropionic acid or 0- 
phenylulaume) 

NH, 


/ Scii,— A— cooh 
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9. Tyrosine, C»IInOj\ ( 0 -parah> droxj phui> I-a-ammopropiomc acid 
or $-parahjdroxyphcnylalanmL) 

MI* 

ll0< vT3 >ciir c - co ° H 

H 


C SULVUIt-CONTAlMNG AMISO ACIDS 

10. Cysteine, C*IIjO*NS (/3-thiol-a- aminopropiomc aud) 

XII, 

IIS CHr— c — COOH 

! 

II 

11. Cystine,* CgHi l O«X J S 1 (d»-(/3-thiol-a-aminopropioiuc acid)) 

f’ 

S — CIIj — C — COOH 

I 

II 

MI, 

CII r -C- COOH 

I 

H 

12. Methionine, CgH^XS (7-mcthyIthiol-a-amino-n-butync acid) 
MI, 

CII *~ S- CH r CH r C- COOII 

H 

D lirTFROrYCLIC VMINO AC IDS 

0-mdoltaUmne) han ’ (^-3-indoIe-a-aminopropiomc acid or 

C- CH r C- COOH 
yCK H 

__ MI 

Cynlinn u included here aiuonc * y, — 

Um wjud stnlno Bnd ' cArb^J ^J“‘ > ' n,on ' >catbo: 0> | c acid* because »t con 
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14 Proline, CsHaOjN (pj rrohdine-2 carboxylic acid) 

CH 2 CH 2 

I I 

CH, CH— COOH 



15. Hydroxyprohne, CJHgOjN (oxyprohne or 4 hydro xypynohdine 
2 carboxylic acid) 

HO— CH CH- 

1 I 

CH, CH— -COOH 



Acidic Amino Acids 

These acids often leferred to as monoaramo-dicarboxylic acids contain 
more carboxyl than amino groups and are therefore acid m leaction The 
acidic nature of glutamic acid and aspartic acid allot\ s their ready separa- 
tion from the other components of protein hydrolyzates 
16 Aspartic acid, C,H?0<N (a ammosutcmic acid) 

COOH 

CH- 

H — C— Nil, 

f 

COOH 



Basic Ymino Voids 

These acids arc predominantly basic m reaction and are precipitated 
from protein hydrolyzates by the addition of phosphotungstic acid* or 
they may be selects ely adsorbed on ueah cation exchange resms 


1 rrolwc and cj a tine aro also j roc p tated to a certain extent b> J>! ospho tungstic acid. 
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18. Histidine, CeHgO,X, (^-imiduzolc-a-ominopropionic acid or 
imidazolcalaninc) 

Nil, 

! 

CII=C — CII, — C — COOH 

I I i 

XII X II 


19. Arginine, C*lli«0,X« ($-guaiiidim>-u-umino valeric acid) 

XII, 

XIIi—C— XII— Cn«—CIIr-CIIi-i— COOH 


20. Lysine, C»IInO,X, (a-t-diaminocaproic acid) 


NHjt— CII,— CIIr-CIIr-CII r C COOII 


21. Ilydroxylysine, C«H,«OaX, (a-t-diamino-3-hydroxycaproic acid)* 

NH, 

N,I <— CHr-CH--CIV-CH^C> COOII 

I I 

OH 21 

22. Citrulline, C.II„0,N, (^arbamino-n-aminovalcric acid) 

Nil, 

NHr- 9~ NH— CH^-CHr- CI2 r -C-COOH 
0 H 

P^tcina contain p«c- 

tain^„„°L^ a“"St,Sl OVC . ° CC “ iuna "^ «• fiad that ‘Z 

present in amounts too h «, a ii , , ^ bbent m a Particular protein, or eke 
analysis. Thus the protein zcin °from maf ^ by ^ available metbod ? ° 
gelatin yields no tryptophan ’ contams no lysine or glycine, 

other cases rvc may fh,d thUt ’certain"* 111 ™ ™ n J alns no methionine. In 

acids not found in any other nrotri? E? ,allzcd Ptolcins contain amino 
this is a globulin obtained froL lb. rlo,cu ' orth i' example i of 

normally contains the iodinated l!: lyr “', d ! dand ’ thyroglobuUn, which 
tyrosine denvatives, monoiodotyrosine } 
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3, 5-dnodotyrosme, or lodogorgoic acid, and 0-4 -hydroxy phenyl-3', 5', 3, 
5-tctraiodotyrosme, or thyroxine Interestingly enough the bromine ana- 
logues of lodotyrosmes — namely monobromotyrosme and dibromotyro- 
sme — have been found m a number of Mediterranean corals and Gorgozua 
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Other Ponfera and coelenteratcs yield monoiodotyrosme, duodotyrosme, 
and ev en traces of thyroxine 

Occasionally substances known as diketopiperazmes, which are an- 
hydrides formed by the condensation of two molecules of ammo acid, 
have been found m protein hydrolyzates It is probable that these are 
formed during the treatment of the liydrolyzate 

In addition to the above-mentioned ammo acids, there are other less 
well-recognized ammo acids m many peptide molecules Thus a-c-dia- 
minopimelic acid lias been found in the insoluble proteins of the micro- 
organism Coryncbaclcnuni diphlhcrtac, and lodinatcd histidine has been 
reported to be present in pancreatic digests of thyroglobulm 

Acid hydrolysis of proteins also liberates variable quantities of ammonia 
which come primarily from the hydrolysis of the acid amide groups of 
asparagine and glutamine, for it is now known that a portion of these 
dicarboxylic ammo acids e\ists in the peptide chain with the “omega” 
carboxyl group animated A smaller portion of the ammonia presumably 
comes from the hydrolytic decomposition of certain ammo acids such as 
cysteine, serine, threonine, etc If ilkahne hydrolysis is employed, am- 
monia is formed from glutamine, asparagine, cystine, cysteine, serme, 
threonine, and argmuie The last-named substance breaks down to yield 
ornithine and tw o molecules of ammonia 

Hydrolysis of proteins also yields small quantities of carbon dioxide, 
by drogen sulfide, and free sulfur These products arise from the dcstruc- 
tivc decomposition of the more labile ammo acids, especially cysteine 
Many proteins (scrum albumin, egg albumin, thrombin) yield varying 
amounts of carbohydrate These carbohydrates appear to be polysac- 
charides composed of glucosamine uul liexose (m rnnose, galactose) It 
is not know n w hether the c irbohy d rates arc an integral part of the protein 
molecule or whether the protein is composed of a carbohy dratc-free por- 
tion admixed with a small quantity of a carbohy dratc-nch protein (gly- 
coprotein) such as seromucoid, serogly coid, ov omucoid, etc 
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Determination of Amino Acids. Tlic quantitative determination of 
each of the component amino acids produced during hydrolysis of a pfo- 
tein is a problem of greatest importance since any theory of protein fat na- 
ture must rest ultimately on an exaet knou ledge of all the units contained 
in the molecule This problem is still far from sole ed since it presents man' 
serious difficulties, not least of which is the preliminary hydrolysis of the 
protein molecule into its component ammo auds without causing decora 
position during the hydrolysis 
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B Van Style's Nitrogcn-Distnbution Method When an aliphatic pri- 
mary amine is treated with nitrons acid, its ammo nitrogen is quantita- 
tively converted into free nitrogen 

It NH* + HONO It OH + H 2 0 + N* 1 


By the use of this reaction, supplemented by other procedures as indi- 
cated in the accompanying diagram, Van Slyke developed a method for 
the determination of the distribution of amino and nonamino nitrogen 
in the protein together with fairly accurate determinations of cystine, 
arginine, lysine, and histidine 


DisTRimmov op Prot4.iv Nitrogev m Vav Slyke Method 


Total Nitrogen 1 
(Ivjoldahl de- J 
termination/ 
on portion of\ 
hydrolysis j 
mixture) 


A mule Nitrogen (Distilled off as aimnonn after neutralization 
of hydrolysis mixture with magnesium oxide ) 

a Cj stmc (Contains only amino N Esti 
mated from sulfur determinations ) 
b Lysine (Contains only ammo N ) 
c Arginine (Three quarters of nitrogen is 
nonamino N Half of nitrogen liberated as 
ammonia by boiling with strong NaOH ) 
d Histidine (Two thirds of nitrogen is non 
amino N ) 

! a Monoamino N (Neutral and 
acid amino acid N One-half 
of tr>ptophan N Deter 
mined by Van Slyke 
method ) 

b Nonamino N (Prolmc, by 
droxyprolme and one half 
tryptophan N Difference 
between III and Ilia ) 


Baste Nitrogen 
(Precipitated ( 
by phospho- 
tungstic acid )i 


C Determination of Individual Ammo Acids Differences m the chemi- 
cal nature of the various ammo acids have been utilized to permit the 
estimation by chemical means of the quantities of individual amino acids 
present in a protein hydrolyzate The principal methods m use at the 
present time are outlined below 

1 Glycine in a protein hydrolyzate is oxidized with mnhydnn (tn- 
ketohydrmdene hydrate) to yield formaldehyde 

2 Alanine is oxidized with ninhydnn to yield acetaldehyde 

3 Senile is oxidized with periodic acid to yield formaldehyde which is 
readily determined 

4 Threonine is oxidized with periodic acid to yield acetaldehjdc 

5 Phenylalanine is first nitrated to yield 3 ,4-dmitro phenylalanine, this 
is reduced to the mtroso compound, which has a purple color in alkaline 
solution 

6 Tyrosine, like other 3,5 unsubstituted phenols, giv es an intense red 
color when treated with mercury salts and nitrous acid (Millon-Nasso 
reaction) 

7 triptophan gives various red and purple compounds when con- 














1 inert At* I iirai iu» u.ai (iir«i*r«r ' 

denied with iroinatu or nhphatu iiUlihj . lc* m tho ,‘m^e 

cuitralcd hydrochloric or sulfuric utl (Hopkins Colt, \oist» 

8 Cystine w reduced to oitum lhc htUr is cipiblc of rt ^ u ^ 
phospho-lS-tungxlic uul to ull thi detp-bluc tmur oxidu of tunj* 

9 Methionine is treated with w»dmm nitre pni vatic to a 

complex . ■ t | ip „ u 

10 \spartic icid is first jmupit lUd an tin i duum Mil 1,1 

isolated as copper a>| art ite . .. 

11 Glutamic acid w oxidized with chlor unmc- 1 to *H>nnopr | ^ 

icid I lie latter is hydrolyzed to nuumic acid which is then doterm 1 L ^ 

12 Histidine is preeipitnti d as the biVxtr salt at pH 7 » * n ‘ 
isolated os histidine mtramlate Nitrumhe mil is .J^-di hydroxy 


dimtro-p-bcnj’oquinone w 

13 krgininc is first precipitated by silvirmtralonndbnry taatidro 

alkaline reaition ami then isolitcd as pure argimnt 2 l-«lmitro*i na| 
thol 7 sulfonate (urguunc moiioflax laimte) . . c 

14 l y him. can l>e determined in the intact protein by xirtue o 
fact that almost all of the free amino groups in n protein arc tho « lIU 
groups of lysme Lysme is isolated from a protein hydrolyzatc prewou* ■ ) 
freed of histidine and arginine by prccipit ition with phosplio-- 1 tunp 
aud ami suhsc picnt isolutum as lysme picratc 

la Hydroxylysmc is precipitated with phosphotungsbe acid On trex 
ment w ith periodic acid m alkaline solution one molecule of h> droxy l' ,n 
yields one molecule of formaldehyde and one of ammonia . 

D The Isotope Dilution Method of Uasinj and of bchocnhcimcr aM 
Riltenherg V compound which has an abnormal isotope content is * n 
separable from its normal analogue by the usual laboratory procedure 5 
Thus if an amino acid containing a known excess of an isotope is addt** 
to a protein hydrolyzatc the quantity of the amino acid present in tti 
liydrolyzate can be calculated by a determination of the isotope conten 
of tho isolated amino acid The yield of amino acid actually isolated is °* 
no importance in this method 

Isotopic-Carrier Method V mixture of ammo acids is treated with a 
reagent containing stable or radioactive isotopes to form quantitative^ 
a stable derivative of the desired constituent lhcn an o\ erw helming cX 
cess \V of the unlabeled derivative (the earner) is added 1 he carrier 1 5 
isolated and purified to constant isotope concentration C. 

If C is the isotopic concentration of the pure isotopic denv ativ c P rc " 
pared with the same reagent the quantity of derivative present 1 5 
W XC/C Thus one isotopic reagent suffices for the analysis of man> 
compounds 

B Microbiological Procedures Vanous microorganisms such as Laclo-j 
bacillus arabmosus etc require certain ammo acids for normal growth 
(see p 1062) Preparation of synthetic media lacking in only one of these 
ammo acids permits the determination of the specific ammo acid m the 
unknown solution Growth of the microorganism on the synthetic m®" 
drum supplemented by the solution undergoing analysis is compared with 
that obtained in the presence of known amounts of added ammo acid 
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other eases, mutants of the mold Neurospora crassa have been developed 
which require only one amino acid for growth. A number of enzymes have 
been separated from plant and animal sources, each of which decomposes 
only a single amino acid in a mixture. Thus arginine may be determined 
by the action of arginase, which liberates ammonia; tyrosine, histidine, 
lysine, and glutamic acid are each decarboxyiated by specific enzymes. 
Quantitative determination of the carbon dioxide thus liberated is a meas- 
ure of the amino acid present. 

F. Chromatographic and Ion-Exchange Methods. The powerful analyti- 
cal tools of paper chromatography and ion-exchange chromatography 
have not only been applied to the qualitative and quantitative determina- 
tion of all the amino acids which commonly occur in protein hydrolyzates 
but have enabled investigators to find hitherto unsuspected amino acids, 
e.g., monoiodotyrosine, /J-hydroxyphenyl-triiodotyrosme, diaminopimelic 
acid, etc. Plate 1 shows the separation of the amino acids in a protein 
(keratin from wool fiber) hydrolyzate on a two-dimensional paper chrot- 
matogram after staining with ninhydrin. This type of chromatogram is 
excellent for the qualitative identification of amino acids and it may be 
employed, under proper conditions, for their quantitative estimation. The 
quantitative or, more usually, semi quantitative estimation is based on 
the observation that the maximum color density of each spot is propor- 
tional to the concentration of material at that spot 

The amino acids may also be separated one from another by first ad- 
sorbing the mixture on a column of a polystyrene cation-exchange resin. 
The individual amino acids are then eluted from the resin with buffers of 
progressively increasing pH. Many small fractions of the eluate are col- 
lected separately and each fraction is analyzed for its amino acid content 
by heating with ninhydrin. From the data thus obtained, the quantity 
and identity of each amino acid in the mixture may be computed. 

G. Electrolytic Separations. The a-amino acids may be divided into 
three groups — neutral, acidic, basic — by virtue of their charge in solutions 
of definite hydrogen-ion concentrations. Electrolytic separations are 
employed preliminary to paper chromatography. 

General Properties of Amino Acids. The amino acids derived from 
proteins are all a-amino acids. The a carbon atom in all the acids, with 
the exception of glycine, is asymmetric, so that these acids are all optically 
active. They are white crystalline substances, the crystal form being char- 
acteristic for each acid. They are all soluble in water, except cystine a nd 
tyrpsine, the latter being more soluble in hot than in cold water. }Yith 
tba-QXg£PiiQn _ of nroline r they are all insoluble in alcoh ol, and all are 
J msolublo in eth er. They are, as a rule, all soluble in solutions of stron g 
acKls_ antr~bascsT They are not precipitated by ammonium sulfate or 
sodium chloride^ but with the exception of proline are precipitated by 
alcohol. They form crystallin^salts with metallic bases and with mineral 
acids. Many of the amino acids (such as glycine, alanine, serine, and 
proline) have a sweet taste; some, like tryptophan and leucine, are taste- 
less; others, like arginine, are bitter. The nmino acids arc all amphoteric. 
J01ll^ > sdioth-as. aci<l.s i mtj-a.-v-hasca-b y virtue of their carboxyl and ainino 
g roups, thus forming salts with alkalies and with acids. 
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Spatial Configuration and Optical Activity of Amino Acids. Tb 
ammo acids have the following general structure 

Nil, 

l 

R — C— COOII 

I 

II 


In tins structure the a carbon atom is asymmetric — i e , there arc to* 1 
different substituent groups ihus all the ammo acids except gb CK ' 
1 (r Cre ” ~ ^ are °I )tlLa,, > r a( -tive, and are capable of existing in 
different spatial forms, which are mirror images of one another, ww 
equal and opposite optical rotatory power, and which differ solely in tb 
arrangement of the substituent groups in space around the a carbo) 
a ran These two different spatial arrangements are known respective 
as the d and l configurations 

1 « TIle J“ onfi S uratlon of a particular ammo acid is based on its spatial re 
lationship to an arbitrary reference compound, just as the configuraUoi 
'culTXVi ba f d 0, \ that of dextrorotatory n-gl> ceraldehj de (* 
Chapter 2) This relationship, for the ammo acids, is illustrated as follows 
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T 

COOII 

HO— C — H 

COOII 

COOII 

HO-C— H 

1 

NIIr-C— 11 

H — C— NHi 

CH,OH 

L (— ) felyceraldehjde 
(levorotatory) 

CII, 

L(+)*lactlc acid 
(dextrorotatory) 

in, 

L (+) alanine 
(dextrorotatory) 

ku, 

d(— )- alanlne 
(levorotatory) 


* v.u muU iory) (dextrorotatory) (levorotatory) 

toX h ^ay bv sS!l , p 0CCUrn K g ammo ac,d abnmi! . ">>■<* ls dextreroU 
tory lacUc acid oMovorS”? be r f“ cd itrurt 'J‘'aUy to cither dextrorot: 

m^r raIde £ y<Ie Both of tha8a bavc " 

"hen referring to amino acids Sh !l kn0 " n a ' , , tho L e™hgiiraW 
agreement betiveen configuration and lV b ? “f there 18 n ° neces8 ^ 
indicate the latter, the Sn. (a_ direction of optical rotation, 
rotatory are used Natural fo dextrorotatory and (— ) for Iev< 
its mirror image is Df-l-aknin™ 8 alamne w therefore l(-H - atonin' 

phjhioIopcaU^ifame°Fo 0 r r insta™ n0 a °‘ d appear8 to have in>P ort< “ 
aculs cannot be ntihreS by ttm amml'ib (but not all) ° f th[ - ““'i 

to that found naturally It is an inti r body ‘ f the configuration is opposil 
auds found in nature either f„ „ " S faot ,hat the bulk of the anno 
figuration Certain o ammo a Jd„ have^ho 1 ’^ ° f prote ™. ^ • ‘ ha - 
sources thus d glutamic acu! ,« .» ho« e \er been isolated from natun 
Bacillus anlhracis and relate! m. ma,or con »tituent of the capsule < 
antibiotic polypeptide gramicidin Qr < t ^ aniHm f the naturally oceurnn 
acids and n \almc is a dftomnr tains a high proportion of D am** 1 
significance of these stercochcmJSl r‘ OI | product of the penicillins T1 
j htm,Cal fl,ld mgs remains to be elucidated 
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II— C— COOII + OH- + HC1 


U 

+ ii o + u— i— c 


* Ii_C— COOII + Ci 


With alkalies, such as sodium hydroxide, the ionization proceeds to Up- 
right and leads to the formation of a sodium salt of the amino acid, which 
is ionized 1 his giv es a positiv c sodium ion and a ntgativ c amino acid ion 

L 11 11 

It— C— COO- -f 11+ + \aOII -4 H ,0 + It— i— COONa It— k— COO + ''•* T 

t I 

MI, MI, 

In acid solutions, therefore, the ammo acid carries a positive charge and 
m an electrical field migrates to the cathode, hut in alkaline solutions it 
carries a negativ e charge and migrates to the anode For ev ery amino acid 
there is a definite hydrogen-ion concentration, specific for that acid, at 
which the degrees of acid and basic ionization arc equal At this particular 
p , known as the isoelectric point, the amino acid is electrically neutral 
and will not migrate in an electrical field 

In past years there has been a great accumulation of experimental 
evidence indicating that this electrically neutral form of the amino acid 
consists ol a mixture of undissociatcd molecules and a tautomeric form, 
known as a zmUerton, in which both the ammo and carboxyl groups 
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ll—C—C^ 

I \ 
Mf, OH 


H O 

»n4V 

i \ 
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tSn 99 Mr CCM of aliphat.c ammo acuis, more 

man, JJ per cent ot the molecules are present in the form of zwittenons, 

amounrS’Xt,*? ‘*1 are »"«nt m appTorlately equal 

o acid to the zwittenon suppresses the ionization 

T / H o 

R ^r c , + ii+ +ci -» k -(Lc^ +ci- 

„„ °- W 

to form naltauithThe acid &l'mihfrly PO S C,y chareed Ion * , “ ch W 
the amino group, thus ltavmn- <, „ y , alk f jl 8u PPrcsses the ionization of 
baits with the base Thus the effeet^of^n 7 Charg . ed ,on which can {on ° n 
n o ne el,tet * of adding acid or alkali to the amino 

\ y HO 

n ‘~ < f~ C x + + OH -» R-L-c^ 

MI i o- 1 \ 

MIi O- 


+ Xa* + HiO 
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acid arc the same regardless of whether the neutial ammo acid is con- 
sidered to be an undissociated molecule or a zwittenon 

These reactions of ammo acids with acids and with bases aie of great 
importance in protein chemistry since, as we shall see in Chapter 5 a 
great many of the physicochemical reactions of proteins are explainable 
on the basis that the protein molecule contains a definite number of free 
ammo and free carboxyl groups the exact number of each being charac- 
teristic of each particular protein Depending upon the pH of the solution 
therefore, proteins combine with acids and bases and carry a preponder 
ance of either positive or negative charges, or behave as though they were 
electrically neutral 

Reactions of Amino Acids with Nitrous Acid The ammo acids 
as their general formula indicates are primary amines and like all such 
amines yield nitrogen when tieated with mtious acid This reaction 

H H 


R — C — COOH + HNOo -4 R — C— COOH + N 2 + H 2 0 

NHj Ah 


forms the basis for Van Slyke’s method for the determination of free amino 
groups, as has already been indicated For this purpose use is made of a 
specially devised apparatus m which the nitrogen gas evolved during the 
reaction is collected and its volume measured This reaction is important 
for the determination of free ammo groups m amino acids or mixtuies of 
ammo acids, and is also used in estimating the amounts of ammo acids in 
biological fluids, such as blood It is also used to determine the percentage 
of the total nitrogen of the protein that is present m the form of free 
amino nitrogen Since the latter increases during acid or enzymatic hydrol 
ysis the method is also of great value in determining the rate and extent 
of protein degradation by any of the hydrolytic agents 

Re actions of Amino Acids with Ninhydrin The amino acids in gen- 
eral react with the compound ninhydrin (CeH* (CO) 3 H 2 0, tnketohy 
dnndcnc hydrate) to yield carbon dioxide ammonia and usually (but not 
always) an aldehyde containing one fewer carbon atom than the original 
unino acid 


-COOII -4 R — C=Q + Nila + CO* 
H 


1 his reaction has been made the basis for several different types of quan- 
titative methods for the determination of amino acids These aie based 
upon (1) the color change which results from the reaction (see pp 18 
and 172), (2) determm ition of the ammonia produced, and (3) measure- 
ment by gasometnc means of the c irbon dioxide evolved This latter pro- 
cedure lm been accurately established by Van Slyke and lus associates 
os possibly the most satisfactory method available for the determination 
of a ammo nitrogen (in terms of CO«), exceeding the nitrous acid method 
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m bpecificitj for tins purpo e Tor a description of this method as appked 
to the determination of amino acid nitrogen in urine, see p 892 
Reactions of Amino Vcids with Form \ldeii\df The carbovj i group 
of the simple amino acids is not rcadilj titratable with alkali under ordi- 
nary conditions presumably bccau'm of the influence of the neighboring 
amino group In 1899 Schiff observed that in the presence of formalde- 
hjde the ammo acids became as readilj titratable as any simple organic 
acid Sprensen formulated the reaction between amino acids and formal 
dehjde as follows 

R- CH— COOH + H— C— H -+ R— CH— COOH + H*0 

I l I 

MI* O \=CII* 

There is considerable evidence against this view however and Harris 
behev es that only an ammo acid formaldehj dc complex is formed 

R— CH— COOH + CH*0 R— CH— COO + H + 

L I 

Mf, \H, CH,0 

Others hat e suggested that HCHO reacts tilth amino acids to git e mono- 
or dimethjlol derivatives 

It— CH— COOH + CHjO -t R— CH— COOH or R— CH— COOH 


I 

MI, 


I 


NH — CH,OH \(CH,OH), 

The presence of formaldehyde decreases the basicity of the amino group 
permitting the carboxyl group to exert its maximum acidity This aculit' 
i 11 be tl , trated vvl th standard sodium hydroxide using phenol 
phthalein as indicator This rcactioo forms the basis for Sprensen s for 
mol titration method for the estimation of free carboxyl groups in amino 
mlxture f anuno acids It is also ttidely used for determining 
ysi orprote'ins' 31 ^^ 1 Sroup3 " I ‘ lcl, accompanies the enzymatic hydrol 

RtAcnoxs op Amino Acids with Amino Acids M of the a mino 
acids readily form anhydrides ttben their solutions are evaporated This 

eule v^h'Jh “tf T fc - t T bet " Mn ,he »»no group of each mole- 
cule nth the carboxy 1 group of the other the resulting compounds being 
known as it.) etop.perazmea I n 1901 Fischer and Fournrau subjected 


+ 211,0 


R— C- \ II HO— 0=0 

I + j * 

O— C OH II N — 0 R Dph>dralo 
II 

2 Molecule* of amino acid „ « 

, , , Dlketopiperazine 

Wjcme anhjdnde to weak 

pound rIj cj l-gl> unc in which ™ * ,th ac,ds and obtained a co» 
^ * m W hlch the anu ™ group of one acid w as combined 
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with the carboxyl group of the other This w as the starting point of a gieat 

0 

CH 2 — NH— C=0 

f 1 > CH-. — C 

0=C NH — CH* Hydrolysis j \ 

NH* NH— CH 2 — COOH 

Glycine anhydride Gljcyl-glycine 

many researches thereby Fischer and his co-workers, using various de- 
matii.es of ammo acids, prepared a large number of similar compounds 
between amino acids, called dipephdes Although the details of these 
methods w ould he out of place in a book of this character, the reactions 
uivolved were chosen so that the ammo group of oue acid always com 
bmed with the eaibovy 1 group of the other resulting in the so-called 
peptide linkage Since these dipeptides still contained a free ammo and a 

H H H H H 

i II I I 

H— 0— CO OH +n N — C — COOH -4 It — C — CO — N H — C— COOH + H»0 

NH, i NH, R 

DIpeptide 

carboxyl group, by the use of various ingenious methods Fischer was 
able to lengthen these chains of ammo acids, forming polypeptides con 
taming as many as 18 acids According to the modern conceptions of 
protein structure, the protein molecule consists in large part, at least, of 
ammo acids linked together through their amino aud carboxyl groups 
The evidence for this point of view will be discussed more fully in the 
section on the structure of the protein molecule m Chapter 5 

DISCUSSION OF THE INDIVIDUAL AMINO ACIDS 

Glycine, C 2 H*0 2 N (aminoacetic acid , glycocotl). 

NHj 

I 

H— C— COOH 

I 

H 

Glycine was the first, ammo acid t n be isolated as a primary decomposi- 
tion product of the proteins Glycine is prepared synthetically by the 
action of ammonia on monochloroacetic acid It crystallizes m rather 
large colorless monotlmic crystals usually m four-sided prisms Glycine 
possesses no asymmetric carbon atom and is therefore not optically 
active 

In addition to being present m many animal proteins, glycmc is found 
m the body as a constituent of various nonprotem nitrogenous com- 
pounds It is a component of (1) glutathione, a tripeptide of glutamic 
aud, cysteine, and glycine (sec p 1 16), (2) glycocholic acid, a compound 
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of glycine and cholic acid, found in the bile (kcg p. *110) ; and (3) hippunc 
acid, or benzoyl-glycine, which is found in the urine after the ingestion 
of benzoic acid or compounds which give rise to benzoic acid in metabo* 



Fio. 38. Gltcine (Synthetic) 

See albo Fig 103 

From Keenan J Biol Ckem., 62, 1C3 (1SI24) 


lism. The reaction leading to the formation of hippunc acid from benzoic 
acid and glycine la as folloiis: 

CdliCOOH + HiN— CH.COOH -> C.HsCO— NH— CHiCOOH + HiO 

Benzoic acid Glycmo Ilippuric odd 
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Alanine is beat prepared from silk m which it occurs to the extent of 
approximately 25 per cent It has a sweetish taste, and is dexti orotatory 



Tig 30 Alaninc 

Trom Keeuan J Biol Chen 62 1G3 (19 ,> 4) 


L(— )-Serme, C]HjO,N (J) hydroxy-a-ommopropiomc ac id). 
NH, 

HO — CHi — d; — COOH 


Serine crystallizes from water solution as thin, irregular plates and has 
a sweet taste It melts at about 2-io° and is soluble m 23 tunes its weight 
of water at room temperature 



Fig 40 Shiim. 

From Keenan J B cl Ckem 62, 163 (WTO. 
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L(-) -Threonine, CJUOjN (< x-amino-0-hydroxy-n-butyricacid ). 

H NH 2 

I 1 

CHj — C C— COOH 

I l 

OH H 

The a carbon atom of naturally occurring threonine has the l configure 
tion, as show n. When, howe\er, the configuration of the molecule as a 
whole is considered, it is seen to resemble that of the sugar D-threose 
(whence the name) so that this amino acid is sometimes referred to as 
u(-) -threonine. 



11 ' uT'? Tr a :; d I" °<i s extent of 0 to 7 per 

m , !» w “ P" 1 ‘Otieally by the mleraction of ammonia and o-bro- 
2 f Ur aTd ll . U ' Pr,: “ Ur< ; “ " ,Uth Proceaa tbe liromme ia apbt off 
Ibo btom nc Sr °" P “ lhc onginally occupied by 


L(— )- Leucine, 


C»II„OjN (a-orninoisocaproic acid). 
C1I » NH, 


CII-CH, 


CH, 


^ — COOH 

I 

II 
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Leucine is found in almost all proteins. Free leucine has been found 
pathologically in urine (in acute yellow atrophy of the liver, phosphorus 
poisoning, and acute febrile conditions). Pure leucine crystallizes in shiny, 
white, extremely thin plates. Inactive leucine tastes slightly sweet, d(+)- 
leucine tastes quite sweet, and n(-) -leucine slightly bitter. 



Tor the material from which the abo\e crystals 
were prepared, as well as those reproduced in Figs. 

43 to 45 and 47 to 48. the authors are indebted to 
the late Dr. Thomas B. Osborne 

EXPERIMENTS ON LEUCINE 

Preparation of Leucine. In a 2-Uter flask, place 1 liter of defibrinated blood 
and gradually add 150 ml. of concentrated sulfuric acid, shaking well during 
the additions. Boil on a sand bath for 12 to 14 hours, being careful to shake 
continually until it boils evenly. To the hot liquid add a solution of barium 
hydroxide until the mixture is alkaline to litmus. Filter on a Buchner funnel. 
Make the filtrate acid to litmus with dilute HjSOj, decolorize with 20 g. of 
activated charcoal, filter, and concentrate in a porcelain dish over an open 
flame to 500 ml. and filter again. Make the filtrate faintly alkaline to litmus 
through the addition of ammonia and concentrate on a boiling water bath 
until a crystalline mass forms an top of the liquid. Cool for 24 hours in the 
icebox. Filter on a Buchner funnel and press the water out of the crystals. 
Recrystalllze from 70 per cent alcohol. 

Make the following tests upon the leucine crystals already prepared, or 
upon some pure leucine furnished by the instructor. 

1, 2 and 3. Do these experiments according to the directions given for 
Tyrosine (p. 138). 

L(+) -Isoleucine, C<II|,0 : N {Q-mcthyl-ex-aminovalcric acid). 

CII»— CII 5 NH 2 

" S CH— h— COOH 
/ I 

CII, H 

Isoleucine has a bitter taste ami it crystallizes in plates like leucine. 
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L(— ) -Phenylalanine, G»H u OjN (Jt-phenyl-a-aminopropionic , 
acid). 


O 1 


NH, 

I 

CHz — C — COOH 

I 

H 


Phenylalanine 13 easily soluble m hot w ater, quite insoluble in eoh 
ivater, and only slightly soluble in ethyl and methyl alcohols It has 
bitter taste 



p 1 o n ic ocf J)° S ^ n C ’ ^*HuOjN ( fi-parah^droxyphenyl-a-aminopro- 

NHj 

H°0^ COOH 
H 

"500 of l^teT-T, aculs ■» the least Boluble in nater (1 part in 

acetone and eke r , 00m , t ' ra P' ra ture) It , s inaolubla in ether alcohol, 
aS Hm.fSl. 7 e f a f d ’ bUt read,ly solubl ° m dilute alkalis and 
I vrLne ,n shc “ lh hke groups of fine nhlte needles 

pcrTcnt) ItZv be I,! b ? l ‘ S ' ,rtually absent m gelatrn (0 3 

reaction (Sec p 1G9 ) ° ,n lhc faintest traces by means of MiUon’s 

EXPERIMENTS on tyrosine 

P>r« flask, addi liter of cold »«w C and # h V COmmercIal casein Into a 3-11 ter 
Uowly a Jd a liter of boiling water to tha^i**** 1 "‘^continuous shaking, 
ier to this mixture Now add -10 ml of 20 p«r 
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cent sodium hydroxide to dissolve the casern, and adjust the reaction of the 
casein solution to pH 8 by the addition of normal sodium hydroxide 4 

Preserve the casein solution ami dimmish oxidase action by adding 15 ml 
of toluol and 2 £ of sodium fluoride dissolved in about 10 ml of hot water 
Shake well, add trypsin In the form of some commercial preparation,® 
and, after mixing the contents of the flask thoroughly, stopper the flask and 
place it in an incubator at 38° to 40° Shake the flask thoroughly every day, 
without removing the stopper, and at the end of the fourth day add an addi- 



Pig 44 TvROsINE 


tional quantity of trypsin in one of the forms mentioned After permitting 
the digestion to continue for a second period of four days, remove the flask 
from the incubator, allow it to stand at room temperature for at least 24 
hours, then filter off the precipitate of tyrosine, undigested casein, etc 
Treat the residue with dilute sulfuric acid (5 ml of concentrated sulfuric 
acid In 2o0 ml of water) to dissolve the tyrosine, filter through a pleated 
paper, 8 add 10 ml of concentrated ammonium hydroxide to the filtrate, and 
heat on a boiling water bath The solution, which should now be acid to 
litmus, is carefully neutralized by the addition of ammonium hydroxide 
and allow to cool Tjrosine, contaminated with more or less calcium phos 
pliate, should crjstallize out Filter off the tyrosine by suction, suspend it in 
300 ml of water In a flask, heat to boiling, add 5 ml of concentrated am- 
monium h>droxide, and boil for 15 minutes Filter off the insoluble calcium 
phosphate, neutralize the tyrosine filtrate with 5 per cent If SO« and allow 
it to stand Filter off the tyrosine cr>stals by suction, wash well with cold 
water and alcohol in turn, and dry in an oven or incubator If the tyrosine 
crystals are not well formed (see Fig 44) they may be recrjstalllzed from hot 
water (solubility 1 154) 


* To do tlus take 10 ml of the casein mixture add 10 drops of cresol red and titrate witn 
0 2 N NaOlI (using a micro! urct or a 1 ml pipet graduated in 0 01 ml ) until a reddish 
purple color is obtained Multi pb this titration \olume l» 40 and add tlus qua* tit> of nor 
ni d sodium hi droxido to the casein solution in the pi rex flask, bhake the mixture at fre- 
quent intervals after the hi dr oxide >s added Tho reaction should now be acid to phenol 
phlhtde n and alkaline to cresol red 

* If pure tri pstn w not available the en*j mo ma> bo added in the form of pancreatm 

* This filtration can bo speeded up b> the uso of a diatomaceous-carth filter aid 
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Make the following tests with the tyrosine tr>sUls prepared in the 
above experiment or upon some pure tyrosine furnished by the instructor 

1 Microscopic Examination Place a minute cr>stal of tyrosine on a slide 
add a drop of water cover with a cover glass and examine mlcroscoplca ) 
Now run more water under the cover glass and warm In a Bunsen flame unti 
the tyrosine has dissolved Yllow the solution to cool slowly, then exam n< 
again microscopically, and compare the crystals with those shown In Fig 

2 Solubility Try the solubility of very small amounts of tjrosine in coh 
and hot water cold and hot 95 per cent alcohol dilute Nil OH, dilute KO 
and dilute IIC1 

3 Sublimation Place a little tyrosine In a dry test tube, heat gently a°' 
notice that the material does not sublime How does this compare »•*. 
leucine? 

4 Hofmann s Reaction This Is the name given to MIMon s reaction whe.. 
employed to detect tyrosine Add about 3 ml of water and a few drops (avow 
an excess) of Millon s reagent to a little tyrosine In a test tube Upon di» 
solving the tyrosine by heat the solution gradually darkens and may assume 
a dark red color What group does this test show to be present In tyrosine? 

5 Sulfuric Acid Test ( Ptria ) Warm a little tyrosine on a watch glass on a 
boiling water bath for 20 minutes with 3 to 5 drops of concentrated IIjSOi 
Tyrosine sulfuric acid Is formed in the process Cool the solution and wash 
It Into a small beaker with water Now slowly add CaCO, In substance with 
stirring until the reaction of the solution is no longer acid Filter concen 
trate the filtrate and add It to a few drops (avoid an excess) of very dllu* e 
neutral ferric chloride A purple or violet color due to the formation of the 
ferric salt of tyrosine sulfuric acid is produced This is one of the most 
satisfactory tests for the identification of tyrosine 
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I 

2HOC6H 5 CH 2 CHNH 2 COOH + 21 2 -f 2HQ< ^ ^ >CH 2 CHNH 2 COOH 

Tyrosine 3, 5- Diiodo tyrosine 

i i 

-+ ho/ V- 0~/ \cHjCHNII,COOH 
T =/ I == ^ 

Thjroxine 

l(— )-G ysteine > C3H1O2NS (fi-thiol-ct-aminoproptonic acid)* 
NHj 
I 

HS— CH 2 — C— COOH 

I 

H 

This amino acid is recognized as being piesent as such in the intact 
protein molecule but it is not ordinarily obtained as one of the products 



of protein hydrolysis unless precautions are taken against oxidation, since 
it is readily converted by oxidation of the — SH group into various sul- 
finic and sulfonic acids and into cystine. The relation between cysteine 
and cystine may be illustrated as follows: 

It— SII It— S 

i + 211 

It— SH It— S 

2C)stcine C> stint 

This rc\ enable oxidation-reduction reaction invoking the sulfh>dryl 
group ( — SII) appears to ha\c considerable physiological significance. 
Thus it accounts fur the oxidation and reduction reactions of glutathione, 
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which contains cjsteme, and it appears that adjacent polj peptide chains 
in the protein molecule are linked together through the oxidation o 
cysteine ■'ulfhjdrjl groups Experiments on cjsteme have been grouped 
with those on cj stine , , 

‘Cystine, C e H 12 0 1 N J S J (di(p-thiol-a-amtnopropiotuc acid)) 


S — CH j — G — GOOH 

I 

il 

Ml* 

I 

S — CHz— C — GOOH 

1 

H 

Cjstine is obtained in greatest amount as a product of the hjdroljsis 
of keratin containing tissue such as horn, hoof, feather, and hair It crj=- 
talhzes in characteristic hexagonal plates which are only \ery slighty 
soluble m cold water and in alcohol It dissohes readily in mineral acids 
or in alkalis but it is insoluble m acetic acid 
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the protein. The greater part of the hydrochloric acid is removed by distilling 
in vacuo at a temperature between 60° to 70° C. and the original volume of the 
solution is restored by the addition of water. A thick aqueous suspension of 
commercial finishing lime is now slowly added, care being taken to avoid any 
considerable rise in temperature, until the mixture has acquired a chocolate 
color. It is then filtered by suction through a Buchner funnel and the residue 
washed a number of times with distilled water. The filtrate should be clear 
and possess a light brown color. Hydrochloric acid is now added to partially 
neutralize the alkaline solution and it is finally acidified by addition of acetic 
acid. On standing over night in the icebox, sedimentation of the crude cystine 
takes place. This is filtered off and is dissolved in a minimum quantity of 5 per 
cent IICI. The solution is decolorized by boiling for several minutes with a 
small quantity of charcoal which has been previously boiled with HC1 to 
remove the calcium phosphate, and the cystine is precipitated by the addition 
of sodium acetate to the hot solution until a drop of the solution ceases to 
turn Congo-red paper blue. The mixture is filtered at once and the cystine is 
washed a number of times with hot water to completely remove the last 
traces of tyrosine. Typical hexagonal plates of cystine are obtained. (See 
Fig. 45.) 

Tests jor Cystine and Cysteine. 

(a) Sullivan's Tests 

Cystine To 5 ml. of the solution under test (containing not more than 
0.04 per cent of cystine in approximately 0.1 N hydrochloric acid, at a 
temperature of about 25° C.) add 1 or 2 ml. of freshly made 5 per cent 
aqueous solution of sodium cyanide. Mix and let stand 10 minutes. 
Then add 1 ml. of a freshly prepared 0.5 per cent solution of 1,2-naph- 
thoquinone-4-sodium sulfonate, sodium sulfite, etc., as given below for 
cysteine. 

Cysteine. To 5 ml. of solution containing not more than 0.04 per cent of 
cysteine in 0.1 N hydrochloric acid, add 1 ml. of 1 per cent sodium cya- 
nide in 0.8 N sodium hydroxide. Mix and add I ml. of a freshly prepared 
0.5 per cent aqueous solution of l r 2-naphthoquinone-4-sodlum sulfon- 
ate. Mix and add 5 ml. of 10 to 20 per cent solution of anhydrous sodium 
sulfite in 0.5 N sodium hydroxide. Mix and let stand 30 minutes. A red- 
dish-brown color appears. Then add 1 ml. of a 2 per cent solution of 
sodium hyposulfltc (Na-SjO«) in 0.5 N sodium hydroxide. The brown-red 
color in the presence of cysteine (or cy stlne treated with sodium cyanide) 
is converted to a purer red.* 

b) Tests for Sulfuydiiyl (Sll) Group. On the addition of a dilute solution of 
-*», an Indigo-blue color appears and disappears almost immediately, 
d a dilute solution of CuSO«, whereupon a transitory violet color appears, 
rest 1 or 2 ml. of cysteine solution with a dilute solution of sodium nitro- 
tssidc and a drop of NaOH. A deep purple-violet color appears but gradu- 
y fades after a few minutes. 

\dd a few drops of a 10 per cent aqueous solution of lead acetate to the 
nine (or cysteine) solution, then render the solution strongly alkaline with 
per cent NaOll or KOI1. Boil for a few minutes. If cystine or cysteine are 
esent, the solution becomes brown and a black precipitate of PbS appears 
ad-blackening test). 


' The reaction requires a high final pit. To caao of hydrolysates of foodstuffs it U ncco»- 
■> to add 1 or 2 ml. of 5 N sodium hydroxide just before adding the final reducing agent, 
iium by pn»ulfite (N's^iOJ, .Vs a rui«* it is ryatme that is found in hydrolysates. 
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.. no r\Hi.O-NS (y-methylthiol-a-amino-n-bu- 
L (— )-Methionine p vi 

tyric acid). ^ 

CH* — S — CHj — CII 2 — C — COOH 


ttimnine is treated vs ith concentrated sulfuric acid, the roethj 1 
, W u h T S split off and the ammo acid homocj ^teine is ultimately obtained 

gr ° UP CH, — SII 

I 

CII, 

ii — <ii — mi, 


COOII 

Homocysteine 


Homocj steme is similar to cjsteinc in many wajs, and its format 10 ^ 
and quantitativ e determination maj be used for thL quantitative det<*J 
nunation of methionine \\ bile homocj steine has not as jet been isolated 
from proteins, there is good evidence that it is an intermediate m the 
biological transformation of methionine into cjstmc (sec p 1030) 


EXPERIMENT ON METHIONINE 

Methionine can be detected in a mixture of ammo acids by the follouini 
method {Dollinz s modification of McCarthy-Sullnan) To7 5ml ofunknowoi 
add the following reagents in order, mixing after each addition f 5 ml 0 
5 j, NaOlI, 1 5 ml of 1 per cent glycine, and 0 3 ml of 10 per cent s odium 
nitroprusside (freshly prepared) Place the tube in a water bath at 37’ to 
40* C. for 15 minutes, cool in ice water for a to 7 minutes, and add 3 ml 
I, N 11 Cl Shake for 1 minute and let stand at room temperature for 15 BU° 
utes A reddish purple color indicates methionine Tryptophan interferes- 

L(-) -Tryptophan, C u HnOjN, (fi’3-indole-a-aminopropionic 

acid). 


/\ — C CHr 


NH* 

1 

C— f 


~!OOH 
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small amount of glyoxylic acnl added, and sulfuric acid then stratified on the 
bottom of the tube, a reddish-violet ring will appear at the juncture of the 
two liquids This is also known as the glyoxylic acid test (see p. 170). Pure 
tryptophan will not give this test except in the presence of a trace of ferric 
or cupric Ions 

(b) Aldehyde Reaction (Voisenet-Rhode) Tryptophan will also give color 
reactions in the presence of aromatic aldehydes. With />-dlmethylamino- 
benzaldehyde in sulfuric acid it gives a red-violet color. These color reactions 
are apparently due to the presence of theindolenngin tryptophan. The indole 



Fio 40 Tryptophan 

From Keenan J Bid Chem 62 163 (1924) 

r lng, being a combination of the benzene and pyrrole rings, probably owes its 
chromogenic properties to the latter ring For other tryptophan reactions see 
Chapter 16 

L( — )-Proline, C a H 9 0 2 N {pyrrolidinc-2-carboxylic acid). 


CH 2 — CH- 

I I 

ch 2 ch— cooh 

\/ 

NH 


Proline is easily soluble in alcohol and in cold water It has a sweet 
taste and melts at 133® to 154° 

l>( — )-IIydroxyproline G5II9O3N (4-Iiydroxy-pyrrolidine-2-car- 
boxylic acid). 

HO— CII— CH* 

CH 3 CII— COOH 
NH 
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It is very difficult to separate hydroxyproline from the 
acids. It is easily soluble in water and soluble with difficulty m a 
alcohol. 



L(— )-Aspartlc acid, CiHjO^N (a-aminosuccinic acid). 

COOH 

CH2 

I 

H — C — NH 2 
COOH 

This amino acid, unlike the others thus far considered, is strongly acidic 
on account of the predominance of the carboxyl group The chief sourc 



Fio 48 Aspartic Acid 
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of this acid is the monoamide, asparagine, which is very widely distributed 
in the vegetable world, being particularly abundant in the asparagus 
plant and in lentil sprouts. It is more than likely that the amide (aspara- 


CONHj 


CH, 


H — C — NH. 

iooH 

Asparagine 


gine) rather than aspartic acid occurs in the protein molecule, but is 
quickly hydrolyzed into aspartic acid and ammonia during the process 
of protein cleavage. 


L(+)-GIutamic acid, C s H b OiN (praminoglutaric act'd). 

COOH 

i 

CH. 

I 

CH, 

H — i — NH. 

COOH 


This acid, when obtained after the hydrolysis of the protein molecule, 
is largely a secondary product The primary constituent of the protein 
molecule is undoubtedly glutamine, the amide of glutamic acid, which 
accounts for the greatest part of the total glutamic acid found after hy- 
drolysis of the protein. Glutamic acid is present in practically all proteins, 

CONH 2 

I 

CHj 

I 

CH. 

I 

II — C — Nils 

iooii 

L(4-)-Glutamlne 

usually in fairly large amounts, being present to the extent of 47 per cent 
in glindii), a protein found in wheat, and to the extent of 23 3 per cent in 
casein. The sodium salt of glutamic acid is w idcly used commercially for 
flavoring soups, sautes, and food concentrates. 

Glutamic acid is found combined with glycine and cysteine in the 
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glutathione molecule (see p 321) Glutathione has been shown to be a 
tripeptide having the following structure 


HOOC — C— Cllz — CIIz — CO — NH — C — CO — XII— CHr- COOH 
1 ! 
mi* cii 2 sii 

Glutamic acid Cysteine Glycine 

Glutathione 

Vttcntion is called to the fact that the glutamic acid is linked to the 
amino group of cysteine through its y carboxyl group 
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NHj 

Nil, 

\io 

| 

/ 

C=XH OH 

NH, 

1 I 

XH + H -* 

Urea 

CH* 

CHsNIIs 

in* 

j 

CH, 

1 

CH* 

j 

CH* 

i 

ii— h— xii* 

H— C— XH, 

COOH 

| 

COOH 

Arginine 

Ornithine 


This reaction is thought to be of major importance in connection 1 . 
formation of urea by the body (bee Chapter 33 for a discussion ot 
and other metabolic relationships of arginine). 

EXPERIMENTS ON ARGININE 

U Isolation oj Arginine Flavianate ( Kossel ). Hydrolyze a 25-g. portion of 
gelatin by boiling with 250 ml. of 18 per cent hydrochloric add under re ^ 
for 18 hours. Remove the excess acid by repeated concentration in J* * 
Talce up the residue In 250 ml. of hot water and decolorize with 5 8- c 
coal. Bring the filtrate to a volume of 250 ml. and add a saturated aqueou* 
solution containing 200 g. of flavianic acid (2 t 4*dlnitro-l-naphthol-7-suu° 
acid) at room temperature. Allow the precipitate to form in tlie cold ° 
5 days, stirring from time to time. Filter off the yellow precipitate and wa * 
with a little cold water. Dissolve the washed precipitate in hot water with t * 
aid of a minimal quantity of 4 per cent ammonia While the solution i» 8t * 
hot add sufficient 20 per cent hydrochloric add to neutralize all the a®' 
monla. Arginine flavianate crystallizes in shining yellow plates from the b° 
solution. 

L(+)-Lysine, CJIuOjNi ( a-t-diaminocaproic acid). 


XH , 

NH, — CHi — CIIj — CH, — CH, — C — COOH 

I 

H 

Ljsinc 13 one of the basic ammo aculs, possessing a predominance of 
ammo groups oicr acidic or carboxyl groups Histidine, arginine, and 
lysine hate been caUed “the hexone basts ” Lysine is present in ma»* 
proteins of animal ongm It is notably absent from zem and present in 
rattier small amounts in gliadm 
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Fig. 51. Lysine Pickate. 


Citrulline, G t HuOiN, ( s-corbomino-a-aminovaleric acid). 

KH. 

NHi — C — NH — CHi — CH. — CHi— C--COOH 
I) H 

Citrulline was obtained by Wada in 1930 from watermelon juice. Little 
is known concerning its distribution in proteins Free citrulline is present 
in small amounts in liver and in blood. Interest in citrulline at the present 
time is based largely upon its relation to arginine and the processes of 
urea formation in the animal body (see Chapter 33). 

Newer Amino Acids. The application of newer research techniques 
such as paper chromatography for the isolation and identification of amino 
acids in hydrolyzates, and the use of microorganisms as nutritional test 
subjects, have led to the discovery of a number of amino acids and related 
compounds not hitherto identified among the products of protein hy- 
drolysis. Among those of biological interest, mention may be made of: 

a-Aminobutyrlc acid found in the brain and central nervous system, 
where it is formed by decarboxylation of glutamic acid. 10 It has also been 
shown to be produced enzymatically from DL-threonine. 11 
Lanthlonlne (Tiuodialanine) from wool; 12 

Cystathionine, a condensation product of homocysteine and serine 
intermediate in the synthesis of cysteine; 15 

Ergothioneine, found in ergot, blood (1.8—1.95 mg. per 100 ml. in 
human blood), w and in the seminal plasma of the boar; 15 

10 Roberts and Trankel. J. Biol. Chctiu. 187.55 (1950); 188. 7S9 (1951); 190, 505(1961). 

11 Lien and Greenberg. J, Bxol Chcm . 195, 037 (1952); 200, 307 (1953). 

11 Horn, Jones, and Uingel: J Biot. CAem , 138, 141 (1941). 

11 llmkle>. An Mow , mid du Vigueaud: J . Biot. Chcm-, 143, 559 (1942). 

14 Huuter. ibocAem. J., 48, 205 (1951). 
u Mann and Leona: iJiecAem. J., 53. 140 (1953). 
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3,5,3 Triiodothyronine from thjroid glands ,e 
Methionine sulfoximine, the toxic factor i«olatcd from flour nw 
tured by treatment with nitrogen trichloride 17 
Tabtoximme (a t Diaxhno /J in duoxi pimllic xcid) a phj totooc 
compound found in certain diseased tobacco plants ,s 
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Proteins: Tlieir Structure and General 
Reactions 


The results of m\ estigations on the hydrolysis of proteins indicate that 
the protein ipolecule is composed almost exclusively, if not entirely, of 
«-aixnuo acids Investigations of this type, which involve the complete 
tearing down of the protein molecule, yield the constituent ammo acids 
but throw practically no light on the question as to the order m winch 
these acids are linked together to f oim the intact protein molecule with its 
characteristic chemical, physicochemical, colloidal, and biological proper- 
ties 111 spite of this defect these researches are of the highest importance 
since they yield the actual “building stones” of the piotem molecule 
In recent years emphasis has been placed on the study of the physico- 
chemical behavior of the intact protein The difficulty involved m the 
formulation of an acceptable theory for the structure of the protein 
molecule becomes apparent when we list the gieat number and variety 
of properties and reactions of proteins that such a theory is called upon 
to explain Of these, we may mention especially the following (1) The 
hydrolysis of proteins by acids, alkalies, and proteolytic enzymes into 
their constituent ammo acids, (2) the small proportions of free ammo 
and carboxyl groups in the intact molecule, (3) the large increase in both 
ammo and carboxyl groups that accompanies the hydrolysis of the pro- 
tein, (-1) the combinations of piotems with acids, bases, and many other 
classes of compounds, (5) the large size and colloidal nature of the piotem 
molecule, together with the complex colloidal behavior of protein solu- 
tions, (G) the complex solubility relationships of the various classes of 
proteins, (7) the sensitiveness of proteins to chemical and physical agents 
such as acids, alkalies, alcohol, heat, mechanical shaking, ultraviolet light, 
etc , (8) the immunological reactions of the proteins, and (9) their higlily 
specific enzymatic, hormonal, and other biological properties In the fol- 
lowing sections the modern conceptions of protein structure will be dis- 
cussed briefly together with the more important reactions and properties 
of proteins which make them such vital constituents of hv mg protoplasm 

Structure of Protein Molecule: Peptide Linkage. It was pointed 
out by llofmcistcr, m 1902, that there are three conceivable types of 
linkage by which individual ammo acids might be joined together m the 
protein molecule 

The first type of linkage involves direct union between carbon atoms. 
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ThiB type of union is v cry unlikely fcince bonds bctw een carbon atoms a 
not attacked by proteolytic enzymes which hydrolyze native protein* 
It is difficult, also to understand how a molecule having such a struc ur 
could be broken dow n by hy droly tic agents into such definite structu 
units as the polypeptides and ammo acids 
Ihe second type of linkage that suggests itself is a linkage of car o 
atoms by means of an oxy gen atom, as in the ethers, esters, and an 3 
dndes 


fins type of union is also improbable since, in view of the number o 1 
carboxyl groups, the proteiu molecule does not contain sufficient ox) 
to account for a major hnkage of that kind Moreov er, since such a fin 
age docs not involve the amino groups, the latter should be much more 
abundant in the intact protein molecule than they actually arc 

this leaves, as the final possibility, the linkage of carbon atoms 3 
means of a nitrogen atom 

4-U- 

i i 


Of the various possibilities for such a linkage, that resulting from the 
condensation of the ammo group of one acid with the carboxyl group 0 
another, which Fischer named the peplule linlage, is the only one whica 
is m accord with the experimental facts Fischer devised several ingenious 
methods for condensing ammo acids in this manner and prepared a large 
number of di-, tn , and polypeptides some of them containing as man) 
as 18 molecules of amino acnls Many of the synthetic poly peptides 
pared by tischer, Bergmann, and others are identical with polypeptu* 63 
isolated from partially hydroly zed proteins 

According to modern conceptions of protein structure the peptw c 
bond is the predominant bond in the protein molecule This point of vie* 
is based on a great mass of experimental e\ idence, of winch only a brief 
review may tie given here The structural formula of the tetra peptide 
given below indicates clearly that only those amino and carboxyl group* 
which are at the ends of chains ore free When the molecule contains 
diammo or duarboxylic acids the additional amino or carboxyl groups 
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either may remain free or may be the starting points for side chains of 
various kinds. Analyses of proteins indicate that the number of free amino 
aud carboxyl groups in the intact molecule, determined by Van Slyke’s 
nitrous acid and Sdrensen’s formol titration methods, is substantially 
what would be expected of a molecule built up of amino acids joined 
together by means of peptide linkages. Furthermore, hydrolysis of pro- 
teins by acids or enzymes results in the liberation of equal numbers of 
amino and carboxyl groups, such as would arise during the hydrolysis 
of peptide bonds. The biuret reaction, which is characteristic of proteins 
and some of their decomposition products, is given by many of the syn- 
thetic polypeptides and practically disappears when all these substances 
are completely hydrolyzed. 

Relation of Structure to Properties of Proteins. The generally 
accepted theory of Hofmeister and Fischer that proteins consist of chains 
of amino acids joined to each other through their amino and carboxyl 
groups does not by itself seem to explain the unique chemical, physical, 
and biological differences among proteins in nature. Why are keratins so 
resistant to dilute acids and proteolytic enzymes? How does the muscle 
protein, myosin, function in the contraction of muscle? What is responsi- 
ble for the immunological specificity of proteins, for the enzyme action of 
catalase and pepsin, for the toxicity of tobacco mosaic virus, and so forth ? 
The hypotheses which are mentioned briefly below are attempts to an- 
swer some of these questions. 

A. Protaxiine Nucleus Hypothesis op Kossel and Siegfried. 
These investigators believed that all proteins were built around a nucleus 
of the three amino acids arginine, histidine, and lysine, and that arginine 
was the most important member of this triad. Block has shown that one 
group of proteins, eukeratins, can be characterized by the relative 
constancy of the ratios of arginine to lysine to histidine. The location of 
these three amino acids or their mode of action in the formation of the 
eukeratins remains unknown. It should also be pointed out that no pro- 
tein devoid of arginine has as yet been reported, although some large 
peptides are lacking in this amino acid. 

B. Diketopiperazine Hypothesis of Abderhalden. Amino acid 
anhydrides (diketopiperazines, see p. 130) can be obtained from proteins 
under certain conditions. These compounds are readily formed by con- 
densation of two amino acids or by cycliziug a dipeptidc. Abderhalden 
suggested that proteins are composed of diketopiperazine-containing 
units which are held together by secondary valences. This structure was 
intended to account for certain properties of proteins, especially the hy- 
drolysis to peptones by pepsin. Unfortunately for this theory, amino acid 
anhydrides are not hydrolyzed by proteolytic enzymes. 

C. Stereochemical Organization of the Protein Molecule (Foa, 
Meyer and Mark, Astbury, Neurath, Wrincu, Paulino). The use of 
the x-ray to study the fine structure of proteins, especially in the hands of 
W. T. Astbury, has given us a much clearer insight into the organization 
of the peptide chains in the protein molecule. A short section of such a 
chain iu the fully extended position is shown in Fig. 52. In general these 
peptide chains are pictured as either fully extended (silk fibroin, or other 
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denatured, mechanically elongated fibrous proteins) or folded chain= 
(nati\e) insoluble fibrous and soluble globular proteins In certain css 
such as hair and wool, the long axis of the peptide chain is parallel to t 
long axis of the fiber, and the strength, elasticity, and resistance 
enzymatic hydrolysis can be definitely correlated to this structure Tf 
hair keratin can be pictured as consisting of bundles of partially fok 
peptide chains which are cro-s-hnked to each other through the — S ' 
bonds of ey 'tine The tensile strength of hair is thus explained by 
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'ia 53 The He- 
.ix with 3 7 Resi- 
dues i eu Torn 


account for these distinctive \-ray patterns, all of 
which suffer from, the disadvantage of not meeting all 
the experimental evidence In 1951, Linus Pauling and 
his co-w orkers, Corey and Branson, employing as sole 
restrictions to their formulation the accepted intera- 
tomic distances and covalency angles, the planarity 
of the amide groups, and the linearity of the 
— N — H O — hydrogen bond and assuming that 

the maximum possible number of intramolecular hy- 
drogen bonds would be formed, arrived at certain 
helical structures 1 One of these gave 3 7 amino acid 
residues per complete helical turn This lesulted in 
13-membered rings, closed by — CO — and — NH — • 
groups in hydrogen-bond linkage as shown in perspec- 
tive and in plan (Figs 53 and 54, respectively) This 
so called a-helix has been rather definitely established 
to occur mhair, horn, and other proteins of the a-keratm 
class (including muscle) as well as in hemoglobin and 
many other globular proteins such as serum albumin, 
insulin, lysozyme, and chy mo trypsin Another proposed 
helical formation, the y- or 5 1-residue helix, is now 
believed to be too unstable to exist m proteins How- 
ever, an “antiparallel-cham pleated sheet” structure 10 
appears to be characteristic of silk and stretched hair 
It is generally believed that the gamma globulin of 
blood is able to assume different shapes under the im- 
pact of foreign antigens while retaining its ammo acid 
composition and arrangement unmodified It seemed 
that too rigid specification of the peptide (backbone) 
coiling of gamma globulin would be incompatible with 
its known lability with respect to the formation of 
antibodies The 3 7 ammo-acids residue helix seems 
capable of overcoming this difficulty since it may be 
transposed mto many diffeient patterns by starting 
the helix with the same amino acid but at geometn- 



Fjg 54. Plan of the 3 7-Residue Helix. 


1 Pauling Corcj, and Branson Ptoc A all Acmt Set 37. -07 
( 19 ol) aiul personal communication 

‘•Pauling and Core} Proe \all lead Seu 37 729 (10 > 1 ) 
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cally different points. To visualize the 3.7 helix better, it may be compared 
to a spiral staircase with each amino add residue as a step. The heig 
of each step is 1.5 A and the height of each turn is 5.4 A making 3 0 or 
3.7 steps per turn. It thus takes 18 steps or 5 turns for a step to be found 
exactly in a vertical line above the starting point. 

The closely knit structure of highly organized soluble globular proteins 
is broken down by denaturing agents such as strong sodium hydroxide. 
The peptide chains then become a mass of disorganized fibrils in solution 
If this alkaline protein solution is passed through a small capillary, these 
fibrils orient themselves with their long axes parallel to the direction of 
flow. If the alkaline solution is then extruded through a small orifice into 
an acid or other coagulating bath, the protein fibrils unite with each other 
parallel to their long axes and a typical macroscopic thread is formed. This 
is the essence of the production of synthetic fiber, “wool,” etc., f rom 
soluble globular proteins such as casein and soybean. 

The three main types of cross linkage in proteins appear to be (1/ 
Ditliio bridges formed by cystine, (2) Salt bridges formed by the carboxjl 
groups of aspartic or glutamie acid and by amino groups of lysine or 
guanido groups of arginine, and (3) Hydrogen bonds between peptide link- 
ages and between polar groups of the amino acids: 
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Proteolytic Enzymes. The most convincing evidence that the peptide 
linkage is the principal type in the protein molecule comes from the fact 
that enzymes are able to hydrolyze synthetic polypeptides of known struc- 
ture, liberating equal amounts of amino and carboxyl groups, just as they 
do when acting on native proteins. Our knowledge on the structural 
specificity of enzymes is due in large part to the brilliant researches of 
Bergmanii and his co-workers. The table given below illustrates the 
specificity of enzymes. 

Action of Proteolytic Enzymes (Bergmwn) 


Enzyme 

Requisite Peptide Cham 

Requisite Amino Acid 
in Peptide Cham 

Pepsin 

R 

— coxir — djH — CO Nil— 

I Hoiu 

| ' 

— CONH— CII— COOH + HiN — 

Tyrosine or 

Phony lalanme 

Cathepsin A(I) 


Trypsin. 

Cathepsin B(II) 
Papain H«S 

Same as abo\ c except for R group 

Lj sino or 

Arginine 

Leucyl amino- 
peptidase 
(Cathepsin III) 

R 1 

h«n— Ah— coJnh— 

J. H 0 i H i 

R 

HjN— ill— COOH + H t N — 

Leucine 


It 


Carboxypeptidasc 
{Cathepsin IV) 

— COlNII — CH — COOH 

HO H | 

U 

—COOH + HiN — (^IT — COOII 

Tjrosine or 
Phenylalanine 


Up to the time of these investigations it w as believ ed that the size and 
not the amino acid composition of the protein or polypeptide was the 
controlling factor in enzymatic breakdown. Thus pepsin was thought to 
act on proteins of high molecular weight such as fibrin, casein, etc., but 
not on the smaller protamines, while trypsin split the smaller molecules 
such as the protamines, and erepsin hydrolyzed peptides of still Lower 
molecular weight. It is now evident that pepsin fails to hydrolyze prota- 
mines not because of their molecular size but because these proteins are 
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dof tient m tyrosine and phenylalanine « hiU. the ample supply *0^ 
and 1} sine m protamines permits the action of trypsin Likemse , 

of pilypeptides containing a relatuely high proportion of free i 

groups uould be split by earbosypcptidascs (erepsin’) such as tne 
matie tarbovypeptida e show inn the tabic above Ineachcase, 

carbox jl to amino groups liberated is umtj The resistance of cer 
terns such as silk fibroin hair keratin, etc to digestion by P rote ? J 
enzy mes is not explainable on the basis of ammo acid composition ou 
due to the close packing of the protein molecules which then otter i 
ti\ cly little surface to the enzyme If the molecular structure is 
gamztd by mechanical or chemical means these proteins are rea i y 
dr ilyzed by the proteolytic enzymes 

In the current h> pothesis of enzy me action it is assumed that 
zyme substrate complex is formed by the bonding of complemen ary 
faces Thus the mechanism would depend primarily on the steric arrang 
ment of the molecular groups of the substrate their shape and mu 
positions and only secondarily on the chemical nature of the bond un 
g >ing hydrolysis 

The Composition of Insulin In spite of all the chemical and of 
cl cmical studies on many proteins only one protein has been so t ^ 
oughly investigated that its ammo acid sequence is completely k n0 ' 

In a senes of brilliant researches Sanger and his co-w orkers at Cambrulg 
Lngland have elucidated the chemical structure of pure crystalline i 

sulm In brief they broke the — SS — bonds which hold the peptides 

insulin by oxidation with performic acid This procedure not only brea 
the — SS— bonds but also oxidizes the cysteine residues to cysteic aci 
residues The resulting oxidized insulin was then separated into two fra 
tions fraction V contained only glycine at the amino end of the chain 
fraction B contained only pheny lalaninc as the \ terminal amino aci 
these two fractions were then subjected to partial hydrolybis by dint 
acid or by enzy mes \\ hen the hy droly tic products (amino acids and s® a 
peptides) were separated and identified by means of paper chromatog 
raphy Sanger Thompson and Tuppy were able to fit the«e together to 
give the exact sequence of all the ammo acids m each of the peptides 
Their results arc given in the accompanying table 

Molecular Weights of Proteins Many of the properties of protei° 
solutions especially those connected with their colloidal behavior ar® 
intimately related to the size and molecular weight of the protein Tbe 
determination of the molecular weights of the proteins involves »an' 
difficulties owing to the complex solubilities of the proteins and the colloi 
dal nature of their solutions Thus for example the ordinary pb}* ,c0 l 
chemical methods buch as the raising of the boiling point or lowering 01 
the freezing point arc either inapplicable or y icld misleading results when 
applied to proteins liccause of the effects of traces of salts and other l® 
puntics c n detennmatioi » made hy those methods However thcim®®* 
m« Itcular weight can be ot tamed fr.m chemical especially ammo aci d 
aialVhes IJy aiming that tie protein molecule contains ore atom 
ol an c cuu.nl or one mo ecule of the amino acid present in least amount 
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the minimal molecular weight may be calculated from the following 
relationship 


Minimal molecular weight of protein 


Atomic weight of element 
— 100 X percentage of clement 

Molecular weight of ammo 
= 100 X p ercentage 0 f ammo acid in protein 


On the other hand the relatively large particle size of most proteins has 


permitted the development of methods for estimating their size 


ular weight which could not be used for the average organic comp oun 
These arc Adair 

1 Molecular weight from osmotic pressure (Sdrenscn, Itoche, ’ 

Greenberg, et al ) jj 

2 Molecular weight from sedimentation equilibrium and from 
mentation rate and diffusion (Svedbcrg, l’etcrson) 

3 Molecular weight from diffusion and viscosity (Northrop and Ans » 
Neurath, et al ) 

4 Molecular size and shape from dielectric constant dispersion curv 

(Williams, Oncley) , 

5 Molecular size from x ray diffraction data (Crowfoot, FankucbeW 
The osmotic-pressure method yields the mean molecular weight "be 

carried out under suitable experimental conditions This procedure, 
can be carried out with ordinary laboratory equipment, suffers from tn 
disadvantages that it giv es no indication of homogeneity of the substance 
investigated and that it becomes increasingly insensitive w ith increasing 
molecular weights 

Every molecule in solution is subject to thermal forces which result 10 
diffusion of the substance away from a center of high concentration to- 
ward one of lower concentration In addition to these thermal forces tne 
molecule is subject to gravitational forces which tend to cause the mole- 
cules to sediment It is thus apparent that whether a substance "‘ u 
remain m solution or not is dependent upon the relative strengths of the 
gravitational (settling) and thermal diffusion forces By increasing t be 
speeds attainable in the ordinary laboratory centnfuge, Svedberg, Beams 
and others have constructed very high speed centrifuges (ultraccntnfuge^ 
which are able either just to balance the diffusion forces of a protem 
molecule in solution (sedimentation equilibrium) or actually overcome 
these thermal forces and cause the protem to sediment at a definite rate 
(sedimentation velocity) 

If the concentration diffusion constant, and approximate shape of tbe 
protem are known the molecular weight or partrcle size of the protein 

or other colloid can bo calculated ether from sedimentation-equilibrium 

or sedimentation-! elocity data (see F,g 55) One significant contribution 
of this method is that it is capable of separating particles of different size* 
and weights and thus indicating whether the protein under mvestiE 0 * 10 
".““J 0 : ” Poll disperse Many proteins which wore previously con 
sidercd to be monodisperso are now known to be mixtures of product* 
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vaiying widely in particle size. It should be recalled, however, that 
protein particles of the same size (inonodispersc) may differ in amino 
acid composition, thus making the protein a mixture; on the other hand 
piotein particles of different sizes (polydisperse) may have the same 
amino acid composition and thus be chemically pure. Analogies exist 
in oi ganic chemistry; thus leucine admixed with a little isoleucine w’ould 
be monodisperse, although impure; whereas acetic acid dissolved in 
benzene would be both monomeric and dimeric acetic acid (polydisperse) 
and yet be all the same compound. 

Molecular weights of proteins have been calculated from diffusion 
and viscosity data. Both diffusion and viscosity are functions of the size, 
shape, and degree of hydration of the molecule. 



Fkj. b 5 . Sedimentation in the Ultracentrifcge of a Monodisperse Soe (Hemo- 
cyamn) and Polydisperse Sol (Gold). 

rraia Siedberg- Colloid Chtmittry, 2nd cd Rcinhold Publishing Corp . New Vork. 1928. 

Proteins, among other substances, can be oriented in an electric field. 
If the direction of the field is reversed the molecule will reorient in the 
opposite direction. As the late of change of direction of the current is 
increased (i.e., increasing frequency), more and more of the molecules fail 
to orient properly and the electrical properties of the solution change. The 
changes in the dielectric properties of a protein solution are also dependent 
upon the size, shape, and viscosity of the molecule as well as the alter- 
nating frequency. Such data have been used to calculate the molecular 
weight of some proteins. 

The final method mentioned above for the estimation of molecular 
size is based upon the fact that a single protein crystal, when placed 
in the beam of an x-ray, will cause the beam to be somewhat deflected. 
From this, the dimensions for a unit cell are obtained and from the density 
of the protein its mass is computed. The molecular weight is calculated 
by dividing this mass by that of the hydrogen atom (l.GC X 10 -24 ). The 
results indicate the molecular weight of the protein or some multiple 
thereof. 

Additional methods for determining molecular weight and shape of 
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proteins are molecular shape from flow -birefringence data, molecular 
weight from light scattering of proteins, and dimensions of proteins ro 
electron micrograph} « 

It should be pointed out that values given in the table of moicc 
weights below may be multiples or fractions of the true molecular 
of the proteins These methods probably measure the size of the pro « 
particles with considerable accurac> under the particular expenmen 
conditions, but the results do not necessarily nidu ate the true molccu 


Molecular Wtirirra* or Proteins 





Method 




Protein 

Ciem- 
t cal 

Ultra- 

centnfuge 

Oxniohc 
Preen u re 

Diffu 

l txcos 
i U 

\ IaV 

Lactalbumin 


17 400 





Cytochrome C 

nooo 

15 GW 





Myoglobin 


10 9W 





G lutth n 


27 900 

40 0W 

27 5W 



Honlom 


27, 5W 





Zcin 

23 0W 

| 40 0W 

JJ000 




Concana\alin B 


42 000 





Crotoxin 







Inaulint 

30 000 

30 000 

44 0W 



30 3 00 

Pepsin 

34 200 

3u5W 



33 (XK) 


Ch albumin 

40 000 

41 0W 



37 000 

37 

0 Lack-globulin 

33 400 




40 0W 

34 000 

Strum all umin 

73 000 

01 5W 



70 0W 

82 000 

Hemoglobin (l oruc) 

CO 700 

(ooW 




67 J00 

Scrum globulin y 

IG4 000 

1 >1000 





Catalase 







Ldiustin 

03 000 

3W0W 





Urease 


480 0W 





Nutk-ohiaUme calf 







Tohacto mosaic virus 


25 000 000 






weight The discrepancy between apparent molecular Height and true 
molecular weight is illustrated in the case of insulin 1 This highly purified 
protein was believed to have a molecular weight o[ from 35,000 to 45 000 
mhirL^n In0n . > l CI ^r 0> . C<1 phj "" al ™«thod» Modifications of there PJT 
The iSter^-d ^ a m ° Iccu,ar “tight of 12,000 and then of 0,000 

»h!ch ind,ri'e nn SrCC “ T“ ? lo ? J 3 f “ ,th lha fhei.Hcal analyses of insulin 
of proton raulU0 ot g ‘ ycme ’ “ Um “- und isoleucme per ah* 
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Nature of Protein Solutions. Studies of the behavior of the serum 
globulins led S0rensen, some years ago, to conclude that euglobulin and 
pseudoglobulin were reversibly combined in a loose chemical combination, 
EpP„ in which E and P represent euglobulin and pseudoglobulin com- 
plexes, respectively, combined in the relative proportions of p and g. 
Subjecting serum to such procedures as dialysis, or fractionation with 
ammonium sulfate, results in a shifting of the proportions of E and P with 
the resultant formation of more soluble and less soluble complexes of the 
two proteins. Sprensen failed, even after repeated fractionations, to 
prepare samples of either euglobulin or pseudoglobulin that were com- 
pletely free from the other protein. These results with the globulins led to 
a series of investigations of other proteins with the result that highly 
purified preparations of serum albumin, casein, and gliadin were each 
found to consist of mixtures of an unknown number of proteins of similar 
character combined in a reversible manner. Such proteins, according to 
Sprensen, represent “reversibly dissociable component systems’* and 
may be represented by the formula A I B y C 1 . . . , in which A, B, C, 
etc., represent components of a definite character and composition (e.g , 
polypeptides) while x, y, z, etc., indicate the number of such components 
in the more complex system. In each component, the atoms or groups 
of atoms, such as amino acids, are linked together by means of strong 
chemical bonds, whereas the complexes are formed by the union of these 
components through weak, residual valences. Chemical or physical agents 
that act on the chemical bonds produce irreversible changes in the protein 
molecule wdiereas the residual valences respond to changes in salt con- 
centration, pH, or temperature in a reversible manner. Although the 
various fractions obtained by the fractionation methods employed possess 
the essential properties of the initial material, they exhibit variations in 
physical properties and chemical composition that are considered to be 
due to the varying amounts of the individual components in each frac- 
tion. In no case has Sprensen succeeded in isolating a component which 
could not be further fractionated by appropriate methods. 

Applying these conceptions to biological systems, we find that not only 
may comparatively simple components combine with each other by 
means of their residual valences to form protein complexes, but these 
complexes may themselves combine to form still more complicated struc- 
tures. In scrum, for example, we probably have not only such component 
systems as albumins and globulins, which may be isolated by suitable 
methods, but also more complex systems in which these proteins are 
combined in varying proportions not only with each other but with other 
serum constituents, such as the lipides. In protoplasm, instead of rela- 
tively inert, independent substances, there arc probably complex systems 
composed of protein, lipide, and carbohydrate in equilibrium with each 
other (oro&ins) and constantly shifting in response to changes in environ- 
ment. The multiplicity and flexibility of such systems may be of pro- 
found importance in determining the adaptability of the organism to its 
environment. 

If we accept Sorensen’s views on proteins, we can understand the extra- 
ordinary difficulties encountered in the isolation of individual proteins 
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from such complex materials as scrum and egg white, and can explain 
results obtained in Svedberg’s laboratory on these substances Svcdbcrg 
found, for example that there uas no substance in fresh egg uhitc icith 
molecular ueight corresponding to that of the crystallized oi albumin, but 
that this substance appeared only after the egg white was treated with 
ammonium sulfate as m the crystallization method employed Similar!' 
Svedberg found that half saturation of serum with ammonium sulfate 
precipitated a globulin fraction which was homogeneous and had a defi 
nite molecular weight and that the cuglobulm and pseudogiobulin ap- 
peared only after this substance was subjected to further fractionation 
processes It thus appears that the proteins with which we are familiar 
exist in nature only as part of more complex systems, and that eicn 
thc»e purified proteins may themselx es be complexes formed by the union 
of bcvcral simpler components lhe problem of determining the structure 
and properties of the protein molecule thus depends upon the develop- 
ment of suitable methods for the isolation, in pure form, of the compara 
tively simple components 


The complexity of the serum proteins is illustrated by the large num 
her of components which one is able to obtain by suitable fractional 
precipitation of serum This subject is discussed in detail in Chapter 22 
Colloidal Behavior of Protein Solutions The proteins form col 
loidal solutions of the type known as emulsoids or hydrophilic colloid* 
One of the moat characteristic properties of emulsoids as pointed out in 
Chapter 1, is that such systems have two stability factors charge and 
hydration, either of which is capable of keeping the particle in solution 
ndiv idual proteins show marked differences in the hydration of their 
parties Most proteins arc soluble in dilute acids and alkalies the par 
tides acquiring positive or negative charges depending upon the pH of 
the solution For every protein there is a definite characteristic pH 
known as the isoelectric point, at which the particles are electrically ncu 
nrat«n« t0 f "“f"* 0 to l , he Poles of an electrical field Although aU 
at the,r lboelectnc PO'nts certain proteins such 
hi e!^l, 1? albu “‘" rem f 111 m solution when brought to their respec 
caseii^nd ld^t m’ nU ° n tht , other hand Its* soluble proteins such as 
precimtafe^hen T f lut,on °nly at acid or alkaline reaction and 

Ovalbumin faolut,ons are bought to the isoclectnc pomt 

of neutml narhclef “ * , typ,Cal emuls01(3 forming stable solutions 

protc,n 

trUC 0t protc '" “>■*■<»■» li, eompbc^ 

tl pVSlj Collold ' i aUd.fon <o tb«r 

because of the free amino inti ^ f unt * ,on 28 amphotenc electrolyte* 
contain 4 great deal of ronfi. car ^ ox yl groups which their molecule* 
proteins with acids and basest ™ ? tC<I “V® " htther the reactions of 

stoichiometric proportions or cr.lln.V'i m,< J rcact,on ‘ J taking place m 
of adsorption Much of this confim., ^ rUi l cU l on ‘ i following various laws 
f a oi tina confusion is probably due to differences m the 
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natuie of the particles present in different protein solutions Ihe work of 
Pauli, of Sprensen and of Loeb, and more especially the fine work of 
Svedbeig, discussed above, indicates that in solutions of such proteins 
as ovalbumin, hemoglobin, and edestm, the material is dispersed in the 
form of individual molecules of protein and not as molecular aggregates 
Such proteins therefore form mole tulai solutions whose colloidal pioper- 
ties are due entirely to the compaiatnely large size of the individual 
molecules Solutions of other proteins, such as geJatm and casein, prob- 
ably contain molecular aggregates as well as individual molecules This 
point of \ iew is supported by the growing mass of evidence obtained from 



Basihvijy Charged Protein McgatlvelyCharged 

Prctein Precipitate Protein 

(5u5jtnioid) puspcnsoid) (Suspensoid) 


Fig 56 Colloidal Behavior Protein Solutions 

ultraeentnfugal and ultrafiitration experiments as well as from numerous 
studies on the physicochemical properties of protein so utions 

Behavior of Proteins as Amphoteric Electrolytes: Isoelectric 
Points of Proteins. It is currently believed that proteins behave as 
molecular solutions of amphotenc electrolytes which exhibit typical col- 
loidal properties because of the large size of the individual molecules 
These large molecules contain reactive amino and carboxyl gioups winch 
are capable of entering into true chemical combination with acids and 
bases In choosing between the chemical and colloidal interpretations of 
protein reactions, it is w ell to consider, as pointed out by Svcdberg, that 
colloidal and chemical forces are fundamentally the same, since both are 
electrical in character and depend upon the attraction and repulsion of 
ncgvtive electrons and positrve nuclei It is quite probable that different 
proteins xaiy in their reactions because of the fact that solutions of certain 
proteins undoubtedly contain individual molecules, but others contain 
molecular aggregates of \anous sizes In the present state of our knowl- 
edge of protein chemistry wc may assume that the proteins exhibit both 
chemical and colloidal properties, the former being due to the presence of 
reactivo groups m tho protein molecule and the latter being dependent 
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upon changes in the charge and hydration of the particles in solution, 
whether molecules or molecular aggregates , 

Considered as amphoteric olectrolytes, the proteins combine with aci 
and bases to form salts which ionize into a colloidal protein ion and one o 
more crystalloidal ions According to the work of Locb, Sdrcnscn, ”au >» 
Michaelis, Caiman, and their co-workers, this combination takes place in 
definite proportions in accordance with the laws of classical chemistry j 
protein at its isoelectric point is either entirely without charge ie 
completely un ionized — or else, according to the zwiltcrion hypothesis o 
Bjerrum, carries equal numbers of positive and negative charges due o 
complete dissociation of equal numbers of acid and basic groups in e 
molecule Isoelectric protein may thus be represented by the formulas 




\ 

MI, 

Classical 


coo- 

/ 

It 

\ 

MI.+ 

Zwltterlon 


Here It stands for the nucleus of the protein molecule The addition o 
acid to isoelectric protein results in the formation of a protein salt (e g » 
protem chloride) which ionizes into a positive protein ion and a negative 


1/ 

\ 


+ HC 1 


NH, 


COOH 

♦ / , 

\ 

NH, 

/ \ 

H Cl 


\H, J 


+ Cl" 


acid ion In the same way the addition of alkali to isoelectric protem re- 
sults in the formation of a salt which ionizes into a positive metal ion a 11 ® 


COOH 


/ 

R 

\ 


COONa r coon 


+ NaOH -> It 


NH, 


\ 


NH, 


/ 

Et 

\ 


NH, 


-H Na + 


a negative protem ion 1 In solutions acid to their isoelectric points there- 
fore, the proteins exist as positively charged 10ns capable of combining 
with negative 10ns to form salts while in solutions alkaline to their iso- 
electric points proteins exist as negatively charged 10ns which can com 
bine only with positive 10ns Loeb added solutions of silver nitrate and 
potassium ferrocyamde to powdered gelatin which had been previously 
brought to various hydrogen ion concentrations by soaking in appro- 
priate solutions of acid and alkab He showed that gelatin combines with 
silver on ly when the solutions are on the alkaline sme of its isoelectric 

*•» —* "--I, ~ ta> ” 8 “ 



Chap. 5 Proteins: Tijeik Structure and General Reactions 107 

point (pH > -1-7), and with ferrocyanide only on the acid side of its 
isoelectric point (pH < 4.7). At the isoelectric point gelatin behaves as 
though it were un-ionized, since it does not combine with either positive 
ions (cations) or negative ions (anions). 

The isoelectric points of the proteins are of especial significance in pro- 
tein chemistry, because the properties of the proteins undergo unique 
changes at these points. It has already been pointed out that proteins are 
ionized and can enter into chemical combination only in solutions which 
are acid or alkaline with respect to their isoelectric points. The solubility 
of the proteins, especially those proteins uhich resemble the suspensoids 
in their colloidal behavior, is either negligible or at a minimum at the 
isoelectric points. Other physical properties of the proteins such as 
viscosity, osmotic pressure, suelling, etc., are also at a minimum at the 
isoelectric points. According to Loeb these properties arc dependent 
upon a Donnan equilibrium set up between the particles and the sur- 
rounding dispersion medium. The isoelectric points of a number of the 
more common proteins arc given in the following table. 


Isokuctiuc Points of Some Common Proteins 


Prolan 

pll 

Ovalbumin... 1 

1 55-1 00 

l^lestin . 1 

5 5-0 0 

Scrum albumin 

4 SS 

Scrum globulin (horse) , 

5 5 

Gelatin 

4 80-4 S5 

Com i« ] 

4 55 

Hemoglobin (mluoetl) , . . 

0 70-0 M 

Hemoglobin (oxidized).. , 

0 7 

Gliadtn 

G 5 

Prc/tammes 

12 0-12. 1 

Silk, fibroin 

2.0-2. 1 



6.2-6. 6 

Pepsin 

<1 0 

^-I^ictoglobuhn 

5 2 

Insulin 

5 30-5.35 


EXPERIMENTS ON PROTEINS 
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1. General Composition Test. Heat some powdered egg albumin m 3 ^ 
test tube in which is suspended a strip of moistened red litmus paper an 
across the mouth of which is placed a piece of filter paper moistened wi 
lead acetate solution. As the powder is heated it chars, indicating ^ 
presence of carbon; the fumes of ammonia are evolved, turning t e * e 
litmus paper blue and Indicating the presence of nitrogen and hydroge j 
the lead acetate paper is blackened, indicating the presence of sulfur, an 
the deposition of moisture on the side of the tube indicates the presen ^ 
of hydrogen. (Moisture indicates hydrogen only in case both the powder an 
the test tube are absolutely dry.) 

2, Test for Organic Nitrogen— Lassainne Test. Support a clean, dry test 
tube in a vertical position by means of a clamp placed near the open en • 
Drop in a small piece of freshly cut sodium (about a 3 -mm. cube) which * 
been wiped free from oil with a piece of filter paper. Heat the bottom of t 
tube until a layer of sodium vapor about 1 cm. thick is formed. Drop a 8m3 
amount of the material to be tested (enough to cover the end of a penkn 
or small spatula) directly on top of the hot sodium, avoiding contact w t 
the upper wall of the tube. Heat strongly until most of the sodium a * 
vaporized or until thick fumes cease to come oil. When cool add a few mi i' 
liters of distilled water. Heat the contents to boiling and filter. If the fus on 
with sodium has been carried out satisfactorily, the filtrate will be colorless- 
Otherwise it should be rejected and the fusion repeated. 

Boll 2 ml. of the clear, colorless filtrate for about a minute with a 
drops of 10 per cent sodium hydroxide and 1 or 2 (no more) drops of a freshly 
prepared, saturated solution of ferrous sulfate. Cool, add dilute IICI, drop by 
drop, until the solution becomes acid and the precipitate of ferrous hy- 
droxide dissolves. The formation of a precipitate of prussian blue (ferric 
ferrocyanlde) or of a blue or green color in the solution indicates the presence 
of organic nitrogen In the original material. If the solution remains colorle** 
add a drop or two of ferric chloride solution. If nitrogen is present the solu- 
tion will turn blue or green and a blue precipitate will usually form on 
standing. 

The fusion of a nitrogen-containing organic compound with sodium 
results in the formation of sodium cyanide. This, when heated with ferrou* 
sulfate In alkaline solution forms sodium ferrocyanlde. The sodium ferro- 
cyanldc reacts with the ferric ion usually present, or with the added ferric 
Ion, to form the blue ferric ferrocyanlde. An excess of acid is to be avoided 
since the formation of the ferric ferrocyanlde Is much more delicate In th* 
presence of only a slight excess of acid The reactions Involved arc as folio** 5 
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istic odor evolved from the solution. Write the reactions for this test. (2) 
Place equal volumes of KOI! and egg-albumin solutions in a test tube and 
boil the mixture vigorously. Cool, make acid with glacial acetic acid, and 
add 1 to 2 drops of lead acetate. A darkening indicates the presence of cysteine 
or cystine sulfur. 

B. Test fob Totvl Sulfur. ( Cystine , Cysteine, and Methionine). Place the sub- 
stance to be examined (powdered egg albumin) in a small porcelain crucible, 
add a suitable amount of solid fusion mixture (sodium carbonate and potas- 
sium nitrate mixed in the proportion 2:1), and heat carefully until a colorless 
mixture results. (Sodium peroxide may be used in place of this fusion mixture 
if desired.) Cool, dissolve the cake in a little warm water, and filter. Acidify 
the filtrate with hydrochloric acid, heat it to the boiling point, and add a 
small amount of barium chloride solution. A white precipitate forms if sulfur 
is present. What is this precipitate? 

As mentioned in the pieceding chapter, sulfur is piesent in proteins as 
cystine, cysteine, or methionine. Cystine and cysteine sulfur w as formerly 
termed unoxidized, loosely combined , mercaptan , or lead-blackening sulfur. 
Methionine sulfur because of its greater stability toward alkaline lead 
acetate was called oxidized or acid sulfur. These terms are generally mis- 
leading and, in the case of the term oxidized , incorrect. The majority of 
proteins contain more methionine S than cystine -f cysteine S. Excep- 
tions are keratins, insulin, and certain serum albumins which contain all 
or almost all their sulfur in the form of cystine and cysteine. Silk fibroin 
and many protamines are devoid of sulfur. 

B. COLOR REACTIONS OF PROTEINS 

These color reactions are due to a reaction betw eeu some one or more 
of the constituent radicals or groups of the complex protein molecule and 
the chemical reagent or reagents used in any given test. Not all proteins 
contain the same amino acids and for this reason the various color tests 
will yield reactions varying in intensity of color according to the nature 
and amount of the groups contained in the particular protein under 
examination. Various substances not proteins respond to certain of these 
color reactions, and it is therefore essential to submit the material under 
examination to several tests before concluding definitely regarding its 
nature. 

1. Mi lion’s Reaction. To 5 ml. of a dilute solution of egg albumin* in a test 
tube, add 3 to 4 drops of Millon’s reagent. 1 Mix and bring the mixture grad- 
ually to the boiling point by heating over a small flame. Proteins like egg 
albumin, which are precipitated by strong mineral acids, yield a white 
precipitate which gradually turns red upon heating; whereas other proteins, 
like the secondary proteoses and peptones, yield only a red solution under the 
same conditions. If no color develops, add 2 to 3 more drops of the reagent 


* This egg albumin solution may bo prepared by beating egg white with 0 to 10 volumes 
of water. The material Is strained through cheesecloth to remove the precipitate of ov o~ 
muctn formed, and then filtered through filter paper and the filtrate used in the tests. A 
1 per cent solution may also be prepared from pondered or scale egg albumin by soaLing 
tho material in a small quantity of water (sufficient to moisten it thoroughly) for several 
hours, then diluting to volume, stirring until dissolved, and filtering 

* See Appendix. 
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and heat again An excess of the reagentis however to be avoided since It 
produce a jeliow color which is not a positive reaction Repeat the test m 

a 0 1 per cent solution of phenol instead of the protein, and note ter 
color produced upon heating 

This teat is a particularly satisfactory one for use on solid pr ot ®j| ^ 
In this case dilute some of the reagent with 3 to 4 volumes of dis i <• 
water add the solid and heat gently as above I he particles of uu |a " 
solved protein will gradually turn red, if any of the protein dissolves 
the solution will also assume a red color 
The reaction is due to the presence of the hydroxy phenyl group — C*H»OU in the 
protein molecule and any phenolic compound which is unsubstituted in the 3 5 p 051 
tions such as tyrosine phenol {carbolic acid) and thymol will give tl c reaction 
much as the tyros ne or halogcnated tyrosine grouping is the only hydroxyp e * 
grouping which definitely has been proved to be present in the protein molecule *** 
evident that proteins respond to Millon s reaction because of the presence o 
ammo acid The test is not a very satisfactory one for use in solutions containing m° r 
game salts m large amount Bince the mercury of the Millon s reagent is thus P rcC ?*" 
tated and the reagent rendered inert This reagent is therefore never used for 
detection of protein material m the urine If the solution under examination is strongly 
alkaline it should bo neutralized inasmuch as the alkali w ill precipitate y ellow or biac 
oxides of mercury 

2 Mtllon Nasse Reaction This is an adaptation of the Millon test and cac 
be used in the presence of considerable quantities of inorganic salts, espe- 
cially NaCl 

To 5 ml of a dilute solution of protein in a test tube, add I ml of a 15 P ef 
cent solution of mercuric sulfate in 6 N sulfuric acid Place the tube in * 
boiling water bath for 10 minutes cool the contents in water for 5 to 10 
minutes and add 1 ml of I per cent NaNO, A deep red color Indicates 
tyrosine or other 3 5 unsubstituted phenol 


3 Xanthoproteic Reaction To 2 to 3 ml of egg albumin solution In a test 
tube add 1 ml of concentrated nitric acid A white precipitate forms and 
upon heating turns yellow and finally dissolves, imparting to the solution 
a yellow color Cool the solution and carefully add ammonium hydroxide or 
sodium hydroxide in excess Note that the yellow color deepens into an 
orange Repeat the test using a 0 1 per cent phenol solution instead of tb« 
protein, and note the production of the yellow and, later, the orange color 


JfMt PrCS f nCe m the protem m °lecule of the phenyl gro«P 

, ^ , mt ™ aC,d form9 certaln n tro modifications The particular 

complexes of the protem molecule which are of especial importance m this connection 
arc those of tyros ne and tryptophan Phcnylala. me does not respond to tbis-test as * 

Zwl Th ® f 684 13 not a satisfactory one for use m urinary exanuna 
tion because of the color of the end react on use m ur 


.J...? 1 * 0 **!! 0 Acid Reac,u>n (Hopkins Cole ) Place 2 to 3 ml of egg albumin 
(Oli)iCOOH) solutJon m 1U r C °L a,yoxy,ic ac,d (CHO COOH + H s O or CH 

Zihw mm Co ! e reasent) * in a tufae and thor d 

* See Appendix. 
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beneath the protein mixture. When stratified in this manner a reddish- 
violet color forms at the zone of contact of the two fluids. If the color does not 
appear after standing for a few minutes, the tube may be rocked gently to 
cause a slight mixing of the liquids at the interface. If the two liquids are 
mixed by gentle stirring the precipitate of protein dissolves and the violet 
color spreads throughout the solution. 

This color is due to the presence of the tryptophan group (see p. 142). Gelatin does 
not respond to this test. Nitrates (NaNO* and KNO»), chlorates, nitrites, or excess of 
chlorides pre\ ent the reaction, but a trace of copper sulfate will increase its sensitivity. 
The sulfuric acid used must be pure. 

5. Biuret Test. To 2 to 3 ml. of egg-albumin solution in a test tube add an 
equal volume of 10 per cent sodium hydroxide solution, mix thoroughly, 
and add a 0,5 per cent copper sulfate solution drop by drop, mixing between 
drops, until a purplish-violet or pinkish-violet color is produced. (If too much 
copper sulfate is added the violet color may be obscured by the blue precipi- 
tate of copper hydroxide formed.) The color depends upon the nature of the 
protein: proteoses and peptones give a decided pink; the color produced with 
gelatin is not far removed from a blue. 

Repeat the biuret test on some biuret, formed from urea as follows: Place 
about one- eighth inch of urea in a clean dry test tube and heat gently over a 
small flame. The urea melts and then effervesces, and the biuret formed 
appears as a white solid in the bottom of the tube. Note the odor of the gas 
given off during the heating. Allow the tube to cool, dissolve the biuret in 
3 to 4 ml. of 10 per cent sodium hydroxide, and add 0.5 per cent copper suifate 
solution, drop by drop, until the pink color appears. 

The biuret test may also be carried out with a stable biuret reagent, pre- 
pared by adding 1 per cent copper sulfate solution, drop by drop, with con- 
stant stirring, to some 40 per cent sodium hydroxide solution until the 
mixture assumes a deep blue color. This reagent may be used in either of 
two ways. It may be added directly to the protein solution, a drop at a time, 
with mixing, until the solution assumes a violet color; or two or three drops 
of the reagent may be permitted to flow down the side of the inclined tube, 
fn tfifs case the reagent forms a layer beneath the protein solution and the 
violet color appears at the interface between the two liquids. 

The biuret test is given by those substances whose molecules contain two carba- 
rn^ ( — CONIIj) groups joined either directly together or through a single atom 
of nitrogen or carbon Similar substances which contain (in place of the — CONIIj 
group) — CSXlIj, — C(XH)NIIt, or — CHjNTIj nl^ respond to the test It follows 
from this fart that substances which are nonprotem m character but which contain 
the net canary groups will respond to the biuret test. \s examples of such substances 
the following may he cited; 


CON II; 

I 

CO.N1I: 


CONH. 

I 

XII 

I 

CONH, 
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According to Schiff the end reaction of the biuret test is dependent upon the fo 
tion of a copper potassium biuret compound (cupripotassium biuret or biurc P° 
sium cupric hydroxide) This substance was obtained by ScliifT m the form oi 
red needles and has been formulated as follows 


OH 

I 

CON Hi C 

\ 

NH 

CON Hi— k 

I 

OH 


OH 

i NHiCO 

/ 

HN T 

\ 

It— NHiCO 

I 

OH 


HaurowiU* assumes that a copper coordmation complex with the following ring stm 
turc is probably produced 

OH 

\ 

Cu— OH 



If much magnesium sulfate is present a precipitate of magnesium hydroxide form 
which interferes with the test If much ammonium sulfate is present a large excess o 
alkali must be used 

6 The Tnketohydnndene Hydrate (Am hydrin) Reaction To 5 oil of 
dilute protein solution, which must be approximately between pH ® 
pH 7,' add 0 5 ml of a 0 1 per cent solution of tnketohydrmdene hydrate 
heat to boiling for one to two minutes, and allow to cool A blue color de 
velops if the test is positive 

This test gives positive results w.th proteins, peptones, peptides a taW 0 
acids, and other primary amines, including ammonia For further di» 
cusslon see p 129 


C PRECIPITATION REACTIONS OF PROTEINS 
The proteins are precipitated from solution by salts of the heavp 
metals (eg HgCl, VgNO* CuSO, PbfCrH.Orlj, etc ) , by certain acid 3 
some of nhich are called all alouial reagent! (picnc acid, phosphotungstm 
acid tannic acid metaphosphonc acid etc ) by concentrated solution 3 
of such salts as ammonium sulfate sodium sulfate and sodium chloride 
L methyl alcohol Although these reactions have bee* 

> i e ? rS /° r th , C SCparat,on aDd characterization of protein 3 
there is s till no definite cndcncc concerning the nature of the mechanism 5 


“ CSemutni and Biology o/ PnAtin A„d™,c h»- » !W ’ 
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involved Some of this uncertainty is due to the experimental difficulties 
in\ olved in the isolation of the pure products formed m these reactions 
There is also a great deal of confusion due to attempts by various authors 
to interpret these reactions exclusively on either a chemical or a colloidal 
basis 

In the case of the acids, the evidence suggests that the protein com- 
bines with the acid radical to form insoluble salts, such as protein tannate, 
protein phosphotungstate, etc This is m agreement with the views of 
Loeb, who pointed out that proteins combine with negative, or acid, ions 
only on the acid side of their isoelectric points In agreement also is the 
fact that if, instead of the free acids, the salts of these acids are added to 
neutral solutions of protem, no precipitates result until the solution is 
acidified Some of the reactions obtained w ith the salts of the heavy metals 
are piobably similar m character, precipitates of silver protemate, for 
example are formed on the alkaline side of the isoelectric points The 
reactions are, howev or, complicated by the fact that in some cases the first 
addition of salt causes the formation of a piecipitate which dissolves m 
excess of salt and then reprecipitates w hen more salt is added The diffi- 
culties m\ olved m arriving at a rational explanation of these reactions are 
intensified by the fact that individual proteins show great differences m 
bchauor, probably because of differences in the hydration and dispersion 
of the particles m solution, denaturation, etc In general, precipitants of 
this class usually cause extensive intramolecular changes in the protein 
molecule 

The proteins, m common with other emulsoids, are precipitated by con- 
centrated solutions of such salts as ammonium sulfate, sodium sulfate, 
sodium chloride, etc In these cases, as discussed m Chapter 1, precipita- 
tion is apparently due to the neutralization and dehydration of the mole- 
cules and molecular aggregates m solution The protem precipitated by 
these salting out methods is unaltered (native) and usually redissolvcs 
when treated with fresh portions of the ongmal solvent The concentra- 
tion of salt required for the precipitation of a protem depends on the 
p \rtiuilar protem and on the pH of the solution — l c , on the charge on 
the protem complex These variations w ill be considered in. the next chap- 
ter m connection with the properties of the \anous classes of proteins 
Ihe proteins are also precipitated by dehydrating agents, such as al- 
cohols and acetone The addition of alcohol to electrolyte-free solutions 
of proteins converts them into suspensoids, which flocculate upon the 
addition of a few drops of salt solution Precipitation by alcohol is most 
ifftetive it the isoelectric point of the protein Besides precipitating pro- 
teins, \kohol acts on certain proteins such as egg albumin, to produce 
mtr imolecular changes which affect the solubility and other properties 
of the protein This phenomenon, known as denaturation, will be dis- 
cussed more fully in the next section The denaturing effect of alcohol 
on some protuns may be minimized by the use of temper iturcs around 
O 3 C or liclow Prolonged cont ict with alcohol (or any other denaturing 
igcnt, for th it matter) produces an irreversible coagulation of the 
tern 1 he fixing of tissues for histologic il examination is an exampb / 
the co igul itmg action of alcohol on protuns 
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Colloidal iron, kaolin, and alumina cream are frequently used for 
moving proteins from solution These substances probably act by *™? orp * 
tion and their use has been adapted to \ anous quantitativ e meth 


1 Effect oj Strong Actd and Alkali Place a few ml of concentrate n» ^ 
acid in a test tube, incline the tube, and add dilute egg albumin slow y to * 
a pipet, allowing the solution to run down the side of the tube an or ^ 
layer over the nitric acid Note the appearance of a protein precipitate a _ 
zone of contact between the two fluids Now mix the contents of t ^ ^ 
thoroughly by careful shaking Is protein precipitated by concentra 
nitric acid? 

Repeat the -above experiment U6tng concentrated sulfuric acid, c° nc 
trated hydrochloric acid, acetic acid, and concentrated sodium hy r0 ® 
How do these various reagents differ in their action on proteins? 
the tubes to stand overnight or longer and note any further changes 
The formation of a protein precipitate by layering the solution over tu ^ 
acid as described above is frequently used as a test for protein in urine 
other fluids (Heller's test, see p 830) 

2 Precipitation by Metallic Salts Prepare six tubes each containing 2 ' 

ml of dilute egg albumin solution To the first add mercuric chloride so 
tion, drop by drop slowly, until an excess of the reagent has been added, ® 
note any changes which may occur Unless the reagent is added very gradu ^ 
the formation of the precipitate may not be noted, due to its solubility 
excess of the reagent Repeat the experiment with lead acetate, silver o** 1 * * 
copper sulfate, ferric chloride, and barium chloride, using very diim 
solutions 

Egg albumin is used as an antidote for lead or mei cury poisoning ^ 

Is it an equally good antidote for the other metallic salts tested^ 

J Precipitation by Albaloidal Reagents Prepare six tubes, each contain*®* 
2 to 3 ml of dilute egg albumin solution To the first add picric add, dro 
by drop, until an excess of the reagent has been added, noting any chang 
which may occur Repeat the experiment with trichloroacetic acid, tai* 
acid, phospbotungstic acid, phosphomolybdic acid, and potassio mercun 
lodide Are these precipitates soluble in excess of the reagent? Addify 
hydrochloric acid before testing with the last three reagents 

4 Precipitation by Ferrocyamde To 5 ml of dilute egg albumin solu* 10 ® 
In a test tube add S to 10 drops of acetic add MU well and add 
lerrocyanlde, drop by drop, until a precipitate forms This reaction i» TeT7 



Chap. 5 


Proteins: Their Structure and General Reactions 


175 


solution is saturated with the salt. What happens? Again dilute a portion 
of the mixture with water. Is this precipitation reversible? Filter the re- 
mainder of the mixture and test a portion of the precipitate by the Miilon 
test. Test the filtrate by the biuret test, using a saturated solution of am- 
monium sulfate as a control and adding the same amounts of alkali and 
copper sulfate solution to both control and filtrate. What are your 
conclusions? 

(b) Repeat the above experiment, using sodium chloride instead of am- 
monium sulfate. How do the results differ from those obtained with am- 
monium sulfate? At the saturation point with sodium chloride, add 2 to 3 
drops of acetic acid. What occurs? 

All proteins except peptones are precipitated by saturating their solu- 
tions with ammonium sulfate Most globulins are precipitated by half- 
saturation with ammonium sulfate or full saturation w itli sodium chloride. 
If the saturated sodium chloride solution is subsequently acidified, all 
proteins except peptones are precipitated 

Soaps may be salted out m a similar manner (see p 108). 

6. Precipitation by Alcohol, (a) Influence of Electrolytes Prepare an 
eIectrol>te-free solution of egg albumin as follows. Place the albumin solu- 
tion in a dlaljzing bag (see p. 10), add a drop of toluene as a preservative, 
and tie the mouth of the bag securely. Immerse In a large beaker of dis- 
tilled water and allow to stand for several dajs, changing the water at inter- 
vals. Remove the albumin solution from the bag and filter. Test the filtrate 
for chloride. It should be negative; if not, the dialysis must be repeated. 

Place a 5-xnl. portion of the salt-free albumin solution in each of two 
test tubes and add 10 ml. of 95 per cent alcohol to each tube. Mix. Now to 
one tube add a pinch or two of solid sodium chloride and again mix. Compare 
results in the two tubes. What is the effect of alcohol on protein in the absence 
of electrolytes? What is the effect of added electrolyte? Explain. Dilute some 
of the suspension with water. Does the precipitated protein redissolve? 

(b) Influence of Isoelectric Point See Exp. 2, below. 

D. ISOELECTRIC POINTS OF PROTEINS 

I. Isoelectric Point and Solubility of Casein. Into a 50-mi. volumetric flask 
introduce 0.25 g. of pure casein. Add about 20 ml. of water and exactly 5 ml. 
of N NaOH. When solution is complete add exactlj 5 ml. of N acetic acid and 
dilute to 50 ml. Mix well. This is a solution of casein In 0.1 N sodium acetate. 
Set up a senes of nine tubes as follows. 


Tube .Vo 

l 

2 

3 

4 


6 ! 

7 

»\ 

0 

Distilled w iter ml 

S 3S 

7.75 

8 75 

S 5 ! 

8 


5 

1 

7 4 

0 01 X acetic acid ml 

0 02 

I 25 








0 1 N acetic icid ml 



0 25 

0 5 ! 

1 | 

2 | 

4 

8 1 


1 0 X icetic icid mi 









1 0 
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indicating no turbidity by 0, degrees of turbidity by + signs, and degree* o 
precipitation by X. 


pH 

Turbiditj, immediate 
Turbidity after 5 minutes 


5 *j 50 47 44 4138 3 ? 

+ ++ + + + ++ + to 

+ + + + XXX XX ++ + 


The precipitation should be greatest in Tube 5 which has a p ° ^ 

near the isoelectric point and point of least solubility of casein. T e ac ^ 
in each tube may be actually determined by the electrometric met ^ 
may be calculated from the concentrations of sodium acetate an ac 
acid by means of the Henderson-IIasselbaich equation (see p. 33). 

2 Isoelectric Point and Precipitation of Gelatin by Alcohol. Gelatin an^ 
many other proteins are quite soluble in water even at their IsoeleC 
points They do, however, precipitate more readily at this point u 6 
precipitating agent such as alcohol is added 
Prepare a scries of test tubes as follows 


0 1 N sodium ac< tatc nil 2 00 2 00 2 0 2 2 | 2 2 0 2 0 2 

0 1 N nee tie acid mi 0 12 V 23 I 0 o 1 I 2 1 

1 0 \ an tic acid ml ] 0 8 I 1 6 3 » 

Distilled water ml 1 88 d 75 1 $ 5 3 1 2 0 J2|2i 

l*T gelatin ml 2 00 2 00 |2 0 2'2 2 2 0 ^# 2 

Mis the contents of the tubes well and add 93 per cent alcohol to Tube • 
until a very faint cloudiness is produced (ordinarily about 8 ml are required/ 
Add the same amount of alcohol to each of the other tubes Examine after^ 
minutes The results usually obtained, with approximate pH for each tube 
arc as follows 


♦» O 5 G 5 I 5 u » 7 4^4 1 I 3 8 I 3 5 


The Isoelectric point for gelatin is about pH 4 7 
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of great biological importance Relatively slight changes in pH greatly influ- 
ence pro tun swell mg 

Prepare a series of test tubes as follows 


2 ubc \ o 

l 


3 

- f 

o 

* 

7 

6 

9 

10 

1 0 ’N HC1 ml 

0 1 \ HC1 ml 

lb 

8 

4 

20 

10 

5 

2 o 

1 2o 

0 62 

0 31 

Distilled \v ater ml 

4 

12 

16 

0 

10 

15 

17 o 

18 7o 

10 3S 

19 6J 


Cut strips as nearly the same size as possible (5 cm X 0 5 cm ) from a sheet 
of gelatin at least 1 mm thick Put a strip in each tube After 24 hours meas 
lire the length of the strips Results similar to the following may be obtained 


Tube No 

' 

i 

~ 

3 


. 1 

G 


S 

0 

10 

J ength (cm ) 

0 4 

b 6 

b 7 

7 4 

8 3 j 

S 3 

7 G | 

7 0 , 

b 1 | 

5 3 


The greatest degree of swelling will usually be found in tubes containing 
from 0 025 to 0 05 N IIC1 corresponding to p!I values of 1 3- to 1 6 The reaction 
within, the gelatin particles themselves at the point of maximum swelling is, 
however, about pH 3 2 This difference in reaction within and without the gel 
is a consequence of the Donnan equilibrium (see p 12) which must be con 
stdered In all such cases involving the relations of protein ions to other ions in 
solution Instead of gelatin strips, 1 g portions of powdered gelatin (between 
30 and aO mesh) may be placed in 100 ml graduated cylinders containing 
suitable solutions and the relative degree of swelling measured The actual 
pll of the gel in any case maj be determined electrometrically 

4 Influence of Acidity on Solidification of Gelatin The Isoelectric poin t for 
gelatin (pH 4 7) is the point of minimum viscosity of its solutions and the 
point at which the gelatin most readily solidifies This is because at this point 
the gelatin is least soluble in the more liquid (water) phase an 1 hence imparts 
less viscosity to it For the same reason there is a greater tendency for the 
more solid phase (gelatin) to form the supporting network believed to be the 
basis of a iell> \ iscosltj determinations must of course be made on the 
liquefied gelatin solution 

Prepare a series of test tubes as follows 


l ubc \o 

/ 

> 

8 

■+ 

0 

G 

- 

0 1 \ so bum icctite ml 

1 00 

1 00 

1 00 

1 0 

1 0 

1 0 

1 0 

0 1 \ acetic icui ml 

0 

0 06 

0 2o 

1 0 

4 0 



1 0 \ uotic ci 1 n 1 






1 b 

G 1 

1 0 % so bum h$<lrt vide i I 

(1 Oa 







Water J 1 

l >o 

b 91 

b To 

0 0 

3 0 

5 4 

1 o a 

pH (api n \ ) 

S 00 

5 (0 

.. 

o 00 

4 r> 

i 

4 0 • 

I 

? 4 

2 s 


To each tube add 3 ml of a w irm 10 per cent solution of gelatin and mix 
Place ill the tubes In water at 50° G for a few minutes, then transfer to a largo 
beaker of water at room temperature, noting the time at this point After a 
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few minutes in the beaker, the tubes may be removed and placed in a rack to 
facilitate observation isote the time required for solidification of the gelatin 
in each tube Degree of solidification may be established by tilting the tu 
and observing whether or not the fluid will flow Results similar to the follow 
ing should be obtained 


Tube A o 

/ 

2 

3 

4 

5 

6 | 

- 

Time required for solidification (mm ) 

10 

17 

16 

14 

10 

2a 

very 

long 


Observations may be repeated by remelting the jellies Note aUo the muc 
greater opacity of the gelatin at the isoelectric point, indicating that most 
of the gelatin is in the solid phase 


E PROTEIN DENATURATLON AND ITS REVERSAL 
A protein is called a native protein if its ammo acid composition and 
stereochemical structure are unchanged from the natural state These 
properties control all the functions of a protein, whether solubility 
dilute salt solutions, proteolytic activity, oxygen-carrying capacity, 01 
whatever it may be These characteristics arc altered and the process oi 
dcnaturation is said to occur when a protein undergoes changes in struc 
ture or composition Chemical and physical agents which cause these 
changes are called denaturing agents Their action involves the splitting 
of some or all of the protein cross linkages with their possible re-formation 
m some cases to cause a rearrangement of the peptide chains 

It is to be expected that proteins will vary widely in their ease of de- 
natural] ion Certain proteins especially those which in solution are fibrous 
or highly elongated molecules such as the muscle protein myosin, are 
casil> denatured, others, such as the carbohvdratc-nch glycoproteins 
(ovomucoid, for example) seem to be quite resistant to the usual physical 
agents causing dcnaturation 


Dcnaturation may be caused by (1) heat which causes splitting of the 
aalt bridges by thermal agitation (2) mineral acids and alkalies, which 
,° n °[™ rh t OX , yl and ami "° groups respectively and thus 
dcstroj talk bmljjs O) i.liatin B or btirnng nhicli results in the Jena 
Inml ’e °'l '‘l pro * <: ‘" the surface of the air bubbles (j) 
h P t “ , “'i'j causes mechanical deformation of the peptide 
u t , V’ ‘° r " h: " , 1 °" '* hMh splits the peptide bonds adjacent 

to the arcimitic mid («) ultrasonic uaecs ahich destroy the rings of 
„n ?,. c r? mK ".’ denaturing p, m ,. r depends on their 

num , u < , , " “>-o..t. sn, h as nr, a and certain aeld and 

BUaindm. demalms that act as dipoles to cause (IcaeaLC of lljdrogtl' 

nttr ,::™, i r ,mc * * ■' ^ 
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an mtermolecular link with the liberation of a new — SH group The con- 
tinuation of this chain process gi\es rise to an — S — S — cross linked 
framework of higher molecular weight and decreased solubihtj at the 
isoelectric point This reaction is formulated as follow s 


— S HS— 


s — s 


s- s— 


— S- s- 

— S S- 


— SH S— 


— s — s— 


-S— s— 

| 


1 

-> 




— s s— 


— s s— 


— S IIS- - 


— s— s— 

1 

— s 


1 

— S 


1 

— s 


— SH 


Denaturation then, appears to be an all or none phenomenon that is, 
i protein is either denatuied or unchanged from its natural state De 
latured proteins may, under certain conditions be restored to proteins 
,\ith many of the properties of the original protein This is known as 
renaturation It appears however that renaturation seldom results m 
the complete transformation of the denatured protein to its original state 
Ihus we may classify proteins into three groups natural denatured aud 
renatured 

If the foregoing rather specific definition of denaturation is used then 
as already stated protein denaturation must have an all or noue char- 
acter However, denaturation seldom is completed m one step but con- 
sists of a series of chemical and structural deviations from the original 
native protem If these changes are not too extensive man} of the prop 
erties possessed by the native protem may be restored Thus pepsin can 
be denatured and so lose its proteolytic properties if it is warmed to the 
proper temperature When the solution is cooled the proteolytic activity 
of the protein is restored — 1 e denaturation is reversed and renaturation 
results Likew lse, the oxygen carrj mg capacity of hemoglobin can be de- 
stroy cd by denaturing with salicylate On reversal the restored hemoglo- 
bin is v erj similar to the original untreated hemoglobin Although many 
of the properties, of the nativ e protem can be restored by rev ersal regen 
oration, it is still question ible in man} instances whether the reversed 
protem is identical with the original native protem Man} regenerated 
proteins may simulate certain characteristic properties of the native ma- 
terials from winch they were derived but still remain denatured proteins 
It is thus apparent that the extent of denaturation and its rev ersal is 
primarily dependent upon the methods u^ed Probablj the oldest means 
of denaturing a protem and one winch is familiar to all is illustrated b} 
the marked change in consistenc} of egg white on cooking, a process 
which results in extensive denaturation of the albumen proteins What 
is seen when egg white is cooked is onl} the end result of denaturation — 
the matting together of the fibers of denatured protem to form a tightlj 
adhering coagulum Dcmtuntion involving less deep-seated changes in 
protem structure require* more refined methods to detect The studies of 
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Roche, iSeurath, and others have shown that denatured protem3 whit 
other investigators believed to have been entirely reversed to the native 
form were still denatured when more delicate methods of measureme- 
w ere employ ed , 

In practice, then denaturation consists of a senes of changes in 
protein molecule brought about by v arious chemical and phy sical agen 
These changes often affect the viscosity, particle size, solubility, 
ante to proteoly tic enzymes and formation or disappearance of sulfby 
groups, and maj even cause the loss of certain amino acids or peptides 
relatn el > low molecular w eight 

Denatured proteins, because of their reduced solubility, usually doc 
eulate at or near the isoelectric point This flocculation is ordma v 
reversible at room temperature However, if the suspension at the 1 ^ 
electric point is heated, the floccules form relatively large, tenatiou* 
masses of coagulated, protein which are not easily redissolved by treatme 0 
with dilute acids or alkalies Denaturation is the pnmary and import 3 * 1 
change, flocculation and coagulation, which were often confused wit 
denaturation, arc simply visible manifestations of the changes in the P r0 " 
tern molecule brought about by denaturation 


1 Denaturation Flocculation and Coagulation of Egg Albumin PIace9ffl 
of a clear, salt free solution of egg albumin into each of three test tubes » 
the first add 1 ml of 0 1 N HC1, to the second 1 ml of a mixture of sodiu® 
acetate and acetic acid (pH 4 7) and to the third 1 ml of 0 1 N NaOH 
all three tubes in a boiling water bath for 15 minutes Cool and examine 
tubes I and 3 add 10 ml of acetate buffer solution, pH 4 7 What happen* 
Hlter off the precipitates in each tube and wash them on the filter P*P ef * 
with distilled water Precipitates 1 and 3 are denatured egg albumin Prec»P‘ 
tate 2 is coagulated egg albumin 

Suspend each of the precipitates in about 10 ml of distilled water 
divide each suspension Into three parts To the first part add dilute 
by drop Does the precipitate dissolve? Repeat with another part of 

3 mTh m’ Wl “* d “ U L e NaOU Heal lhe th " d P^a of suspensions l 

^ th ** m,nutes Cool and test the solubility of »b 
material In dilute acid and alkali Doe. the material now dissolve? 

. ni ® Palpitates of denatured protein formed by banging their solu 
nr TK Ctn , C r, U,t du * oUc * few drops of dilute^ 

„ , ’ J , C coagulated protein remains insoluble under similar tondi 

c?nllS m n/ hC prt( r. a,< of denatured protein converts it into » 

Z&RMZS* tht '"™ ten ‘ 


!• 1MMI SOI 0(.IC\I l!L\t riONs or PROTLINo 

“ hC " T' Ud ,m,> J h ''“R annual under proper con 

to ““ t “"ht 1. 'T* ‘° „h,.h hue e the I»'« r 

.“frm'l ton , . T n ?' md ‘W‘«J The enhdance mjected » 
referred a, tf* «h,.c lhl B| appcdmie ,„ X* 


blood of " nu f Ult substances appearing 

^ t. C U t n Md in,mal ar ° Uo « n as antMc* In order to ac 
Tr ^,W!a, , u 1“ mu ’' eon, 1,,,,., hie ee.th proton 

,>n ' .oil, , dal and for„ s „ to the blood dream ol 

' i he antdw-ltr^ .... ... , u. /hem 


.. • , (oiKiual 

U,e animal .njerted n,e ant, la,!, „ . 
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ically) modified serum proteins, usually globulins, induced by the presence 
of the antigen m those oigans in which the foimation of serum proteins 
occurs Their presence in the blood stream of the immunized animal is 
recognized bj their action on antigens The type of reaction which takes 
place between the antigen and antibody depends upon the nature of the 
antigen If, for example, the antigen consists of a suspension of red blood 
corpuscles, the blood serum of the immunized animal, known as the 
antiseium, acquires the property of liemolyzing this paiticular type of 
corpuscle If the antigen is a suspension of bacteria or othei cells, the anti- 
serum will cause these paiticular cells to clump together or agglutinate 
If the antigen is a soluble protem the antiserum is capable of foiming 
a precipitate with this specific piotein, when mixed under proper condi- 
tions This reaction, known as the precipitin reaction, is remarkably deli- 
cate and specific By means of the pieeipitm reaction it is possible, for 
example, to detect a specific protein m solutions containing as little as one 
pait in ten million, or oven m one hundred million Fuitheimore, this re- 
action is so specific that the antiserum piepaied by injecting a solution of 
hen’s egg albumin will precipitate hen’s egg albumin but will give no re- 
actions at extreme dilutions with egg albumins from othei souices, or with 
any of the other pio*ems in egg white The precipitin reaction is thus of 
great value m detei mining the identity and individuality of protein piep- 
arations It permits us to detect differences between similar proteins from 
closely related sources which, in then chemical composition and proper- 
ties, are practically indistinguishable By means of this reaction it may 
be shown that certain piotems, such as the protem of crystalline lens are 
immunologically the same in animals of widely differing species It has 
been used to study iclationships between various species of plants and of 
animals Piacticilly, it is used in medicolegal work to distinguish specifi- 
cally between human and other bloodstains 

The technique invoked m immunization and in carrying out pieeipitm 
reactions is illustrated in an expeument on p 485 
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Proteins: Their Classification and Properties 


Hie cl to ification of the proteins is a very difficult problem because, as 
wm outlined m Chapter j thej are found in nature not as distinct chem- 
ical individuals but as parts of lirger complexes formed by the union of 
\ anous protuns with each other and with carbohydrates and lipides The 
problem is further compile it ed by the fact that individual punfied pro- 
tuns maj themselves be separated into components showing individual 
drift rentes m composition and properties Until these components are 
isolated in pure form hud their exact structure determined, a classification 
of protuns based on molctular structure is impossible The classification 
offered below is based upon the fact that under specified experimental 
conditions the protuns in biological materials (e g egg white or blood 
pla. m i) m i> lie separated into groups which exhibit certain characteristic 
properties It should lie kept in mind however, that these proteins prob- 
abl) do not exist as such in the native material, and that, furthermore 
thur comjH) ition and properties arc dependent upon the methods used 
in thur isolation In spite of all its shortcomings such a classification per- 
mits the grouping t< gc thcr of protuns with similar properties into fairly 
ditimte cKs.cs and must sutficc until the information required fora more 
rigid das. ihration is obtained 


CLASSIFICATION 
I blMi’LU i»iiom\s 



Chap G 


Proteins Their Classification and Properties 


1S3 


Albumins are soluble in salt-free water and coagulable by heat, e g , 
ov albumin from egg white, serum albumin from blood serum, iactalbu- 
mms from milk, \ egetable albumins • 

It is now recognized that serum albumm is not a homogeneous material 
but can be fractionated by saltmg-out procedures (c/ pp 103-164) into 
a number of distinct components all of which have albumin characteris- 
tics The term serum albumins is preferable to the more widely used 
scrum albumm These proteins are, however, either not sepaiated or but 
poorly separated by the widely used ultracentrifuge or electrophoretic 
methods (See p 461 ) 

Globulins are insoluble in salt-free water but soluble in neutral solu- 
tions of salts of strong bases with strong acids, such as NaCI, and are 
coagulable by heat, eg, serum globulin, lactoglobulm, thyroglobuhn, 
edestrn from hemp seed, amandin from almond, and other vegetable 
globulins 

Serum globulin has been fractionated into several components by ultra- 
centrifuge and electrophoretic methods (see Chapter 22) The three groups 
most easil} identified are called a, d, and y globulins The ^-globulin 
fraction of human plasma is the source of almost all the immunologically 
active proteins of the blood In fact, it appears that 50 per cent or more 
of the 7 -globulin fraction prepared from pooled human plasma is com- 
posed of lmmunologicallj activ e material During convalescence from ill- 
ness, there is an increase m immune protems in the plasma This mcrease 
is accompanied by and accounted for b} the increase m 7 -globukn Fig- 
ure 57 shows a paper electrophoretic pattern of normal human serum 
Glutelins are simple proteins insoluble in all neutral solvents, but 
readily soluble m v eiy dilute acids and alkalies, e g , glutemn from wheat 
These may be mixtures of denatured proteins 

Prolamins are simple proteins soluble in 70 to SO per cent alcohol and 
insoluble in water, absolute alcohol, and other neutral solvents, e g , zeui 
from corn, gliadm from wheat and rye, hordem from barley, and bynm 
from malt Rice, kafir, and sorghum have also been shown to contain 
alcohol-soluble protems The name prolamms was suggested for these 
alcohol-soluble v egetable proteins by Osborne, smee upon h} droly&is the} 
yield large amounts of prohne and ammonia 

Albuminoids (Scleroproteins) comprise all fibrous protems which 
hav e a supporting or protective function in the animal organism In the 
plant kingdom the albuminoids are probably replaced by cellulose and 
similar substances 

1 Collagens, the principal supporting proteins of skin, tendons, 
and bones, are resistant to peptic and tryptic digestion The} are con- 
verted into the easilj digested soluble protems, the gelatins, b} bod- 
ing with water, dilute acids, or alkalies and contain large amounts of 
h} drox> prohne 

2 Elastins, present in elastic tissues (tendons, arteries), are more 
readily digested b} trypsm than b} pepsin, are not convertable into 
gelatin, and give a negative or ver} weak test for h}drov> prohne 
Elastic tissue is a mixture of elastm, collagen, and a carboh} drate-con- 
tammg protein, clastomucin It is probable that many of the earlier studies 
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on “cliatm" were really investigations on a mixture of clastin and 
elastormu m * 

3 Ivi iivnv* ire protuns resistant to digestion by pepsin and trj psin 
and insoluble in dilute acids and alkalies, in w ater, and m organic solv ents 
Keratms ha\c been divided into two classes (a) Euf^erahns (true or hard 
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yield a large number of ammo acids, among which arginine predominates 
Histones contain tyrosine but appear to be lacking in tryptophan In 
short, histones are basic proteins which stand between protamines and 
true proteins, e g , scombrone from mackerel sperm, thymus histone 
Globins are simple basic proteins which were at one time classed as 
histones because of similarities m solubility, etc The globins differ from 
the histones, however, in isoelectric point, toxicity, and ammo acid com- 
position Histones are high in arginine and isoleucine and contain only 
traces of tiyptoplian, but globins contain average quantities of arginine 
and tryptophan and are unique m their high content of histidine and 
deficiency m lsoleuciue Globins are usually found in nature as the protein 
portion of conjugated proteins, c g , globm from hemoglobin 

Protamines are simpler polypeptides than the proteins included in the 
preceding groups Their acid salts are soluble m water, uncoagulable by 
heat, have the property of precipitating aqueous solutions of other pro- 
teins, possess strong basic properties, and form stable salts wath strong 
mineral acids They yield comparatively few amino acids, among which 
the basic ones, especially argunne, predominate They are the simplest 
natural proteins e g , salmme from salmon sperm stunne from sturgeon 
sperm, clupeuie from herring sperm scombnne from mackerel sperm 

II CONJUGATED PBOTEINS 

The conjugated proteins, like the simple proteins, are substances which 
may be isolated from biological materials by suitable methods They differ 
from the simple proteins however, m the fact that the intact molecule 
consists of protein combined with some nonprotein substance (the pros- 
thetic group) m a manner which confers new and characteristic pioperties 
on the complex formed They are classified according to the nature of the 
prosthetic group, as indicated below 

Nucleoproteins. Compounds of one or more protein molecules with 
nucleic acids The nucleic acid of the cell nucleus appears to be deoxyn- 
bose nucleic acid which is united to the protamines histones, and other 
basic proteins of the cell nucleus The nucleoproteins of the cytoplasm 
yield nbose nucleic acid, the nature of the protem component awaits 
investigation 

Glycoproteins. Mucins contain a uronic acid (see Chapter 2) probably 
united m salt linkage to the basic groups of proteins They are found in 
vitreous humor and in Wharton’s jelly of the umbilical cord 

Mucoids do not contain a uromc acid but consist of protem firmly 
bound to a polysaccharide such as polymerized glucosamine-mannose, 
e g , serum mucoid, ovomucoid 

Sulfomucins contain sulfuric acid, uromc acid, and either chondros- 
amine or glucosimmc They are found m cartilage, intestinal tissue, cor- 
nea, gastric mucosa 

Pliosphoproteins. Compounds of the protein molecule with phos- 
phoric acid other than a nucleic acid or lecithin, 4 c g , casein from milk, 
o\ o\ itellm from egg yolk, and other proteins associated with the feeding 

4 The accumulated chemical evidence distinctly points to tho propriety of classify mg 
tha i hosy lioprotems as conjugated compounds i e they ara esters of pho«phonc acid (or 
acids) and i rot cm 
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of the young In the cell nucleus there are phosphopro terns the composi- 
tion of which is still under investigation 

Chromoproteins are compounds of proteins with a metal-containing 
prosthetic group, e g the red iron containing hemoglobins (Fo = 0 34 
per cent) from vertebrate blood the blue copper containing hcmocyanins 
from the blood of certain invertebrates, the green magnesium-containing 
chlorophyll proteins from plants etc The protein should not be regarded 
as a mere colloidal earner of the prosthetic group, but as an integral por- 
tion of the chromoprotcin molecule determining not only the magnitude 
but even the nature of the reaction it promotes Thus one iron-containing 
prosthetic group combined with four different proteins gives nse to four 
different substances methemoglobin, catalase, peroxidase, and a cyto- 
chrome (Tc = 0 43 per cent) 

Lipoproteins are compounds of the protein molecule with lecithins, 
cholesterol, etc 

Metalloprotelns are various protein enzymes which contain metals as 
an inherent portion of their molecule Thus, tyrosinase contains copper, 
arginasc contains manganese or magnesium whereas zinc is present m 
carbonic anhydrasc, and molybdenum m xanthine oxidase 


III DERIVED PROTEINS 
Primary Protein Derivatives 

Jl 1 '?""? protein derivatives are substances formed from Borne of 
Ire Zl b jl conjugated proteins on denatured™ When these proteins 
molecu S ehanse T C . h0ImCal anl1 Physical agents they undergo intra- 
Uc of hooneS ' h ,' Ch ar » accompanied by changes in the proper- 
changcs^is stiu'imknnwn'^P^^b 011 ^ " aturc ot thoM intramolecular 
properties of the suS’ y , raay , b ° rcc °S™cd by the characteristic 
properties of the substances formed as md.catcd in the classification 

J,[ntTZn ^f'“ere1utae'™:d h aPParcntly reSult from th ° 

fibrinogen mvosan frnm J? U ‘ 1 acids or enzymes— e g , fibrin from 
an early denaturation stage* ° fr ° m cdc3tm Thls ^ probably 

whereby^ the molecule l^so fa^altcrecl a^tof* °' dllU ! e aClds and alkal,ea 
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molecule is split up into a series of smaller and smaller fragments which 
are designated respectively, as primary and secondary proteoses pep- 
tones, and peptides The substances in each group are not homogeneous 
chemical entities, but rather mixtures of fragments of the original protein 
which probably vaiy in both composition and size and which are giouped 
together meiely because they exhibit certain chaiacteiistic properties in 
common This classification has little modern significance and it is being 
gradually abandoned except foi the peptides 

Primary proteoses are soluble m water, noncoagulable by heat, pre- 
cipitated by concentrated nitric acid, and precipitated by half-saturation 
with ammonium sulfate 

Secondary proteoses are soluble in water, noncoagulable by heat, and 
precipitated by saturating their solutions with ammonium sulfate 

Peptones are soluble in water noncoagulable by heat and not precipi- 
tated by saturating their solutions with ammonium sulfate 

Peptides are definitely cliaiactenzed combinations of two or more 
ammo acids, the carboxyl group of one being united with the ammo group 
of the other with the elimination of a molecule of w atei, 6 — e g , dipeptides 
tripeptides, tetrapeptides, pentapcptides, etc 

CONSIDERATION OF VARIOUS CLASSES OF PROTEINS 
I SIMPLE PROTEINS 
A Albumins 

Albumins constitute the first class of simple proteins and may be de- 
fined as simple pioteins which are coagulable by heat and soluble in pure 
(salt-free) water They are also soluble in salt solutions and those of 
animal origin are not precipitated upon saturating their solutions at 30°C 
w ith sodium chloride or magnesium sulfate except m the vicinity of their 
isoelectric points All albumins of animal origin are soluble m half-satu- 
rated ammonium sulfate solution 7 but may be precipitated by increasing 
the salt concentration up to full saturation They may also bo thrown 
out of solution by the addition of a sufficient quantity of a mineral acid 
"Metallic salts also possess the property of precipitating albumins, some 
of the precipitates being soluble m excess of the reagent, whereas others 
are insoluble in such an excess Many albumins have been obtained 
in crystalline form, notably egg and serum albumins from various species 

EXPERIMENTS ON ALBUMINS 

Besides the general protein color reactions and precipitation reactions described m 
tlio previous chapter the albumins have other properties w hu.h are used to identify 
proteins belonging to this class- Some of these properties are illustrated by the 
follow mg experiments 


* Tho peptones aro undoubtedly peptides or mixtures of peptides the latter term being 
at present used to de ign&te those of definite structure 

* In this Connection Osborne s observation is of interest namely that certain -vegetable 
albumins are precipitated by saturating their solutions with sodium chloride or magnesium 
sulfate or by half saturating with ammonium sulfate 
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I Solubility in Concentrated Salt Solutions (a) Place 25 ml of dilute egg 
albumin solution (prepared as described on p 169) in a beaker and add 6 6ft 
of solid ammonium sulfate Stir until dissolved The solution Is now 2 M n 
ammonium sulfate, or approximately half saturated Is the albumin pre 
cipitated? Now add an excess of solid ammonium sulfate and stir to produce 
full saturation with the salt What happens? Dilute a small portion of the 
mixture with distilled water Is the effect of ammonium sulfate reversible? 
Filter the remainder of the mixture Test the precipitate by Wlllon s test 
Test the filtrate for protein by the biuret test, usinft saturated ammonium 
sulfate solution as a control What are jour conclusions? 

(b) To a 25 ml portion of egg albumin solution in a beaker add an excess 
of solid sodium chloride and stir until the solution is saturated with the salt 
How does the result differ from that with ammonium sulfate? Add 2 to 3 
drops of acetic acid What occurs? Explain 

2 Heat Coagulation Add 3 to 5 drops of acetic acid to 25 ml of dilute egg 
albumin solution in a small evaporating dish and heat to boiling What 
happens? Why is the acetic acid added? Test a portion of the coagulum by 
Wilton s reaction Explain 


B Globuiins 

Globulins are simple proteins present in blood scrum, muscle, and other 
animal tissues and also present in man> plant seeds lhe> give all the 
ordinary protein testa and arc ctugulablc by heat Globulins differ from 
the albumins in being insoluble in pure (salt-free) water They arc, how- 
ever soluble m neutral solutions of the salts of strong acids with strong 
bases such as sodium chloride The globulins require a certain conccntra 
tion of salt in order that they may remain in solution precipitating when 
the concentration of salt is lowered by such processes as dilution or 
dialysis In general the globulins are precipitated by half-saturation of 
their solutions with ammonium sulfate— i e by the addition to their 

Most Trflr cl " lal , v0U - mO of iaturatcd ammonmm bull.*tc solut.on 1 

i ko < 1 r u : r : I i“r„r“r^:r lut,on3 by saturat,0i ’ 

w ir„r sic:;ar uta ' chir “ , t- 

Blood 

been obtamed from milk (0 lactalbutar ™ < 7 s ) allln0 8>° bulm3 ha ' ° 
(pepsm) , and numerous plant need” ° Cmy03m) ' S a3trlc Julce 

* U W generally stated that elohulm. „ 

saturation with ammonium sulfate and |i.„P re u Pltated frotD tbeir solutions upon 1 ah 
saturation by this s,Jt Comparatively few ar « Precipitated upou complete 

of \egetable origin carne to be more external, P V°? S ?' e ,L e found to tlas until protc as 

by Osborne and assoc ales have demonstrated studled T 6ese studies furthered especial!} 
globulin a* a protun which is precipitated bv 1 alf c,ear,y that the characterization of a 

1 nger hold Certain vegetable globulin* h»\e t -* atura,Ion with ammonium sulfate can no 
Urn salt urn. a concentration are not precipitated b> 

'Sample of an albumin which doe* not confr , n , tbat becure d by half-saturation At* 

.u b , ' *° « « Of L albums - ra»td. 

limit./? precip tated from it* soluuon upon halfl”, 1 ' 0 "** 1 ° 0 leuc08, '> of the wheat germ 
baw* for l*** V*i a ^‘ on by ammomum sulfate tl erefnr/^ [ U ° n wlth arQ moruum sulfate T1 e 
for tl a d fferent at. on of globulin* from ^bumin^° DOt fufnlsh a sufficiently accurate 
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We have used an albumin of animal origin (egg albumin) for all the 
protein tests thus far, whereas the globulin to be studied will be prepared 
from a vegetable source The vegetable globulin w e shall study may be 
taken as a type of all globulins, both animal and vegetable. 

EXPERIMENTS ON GLOBULIN 

Preparation of Edestin. Extract 20 to 30 g. (a handful) of crushed hemp seed 
with about 159 ml. of 10 per cent sodium chloride solution for one-half hour 
at 60° C. Filter while hot through a filter paper moistened with 10 per cent 
sodium chloride solution into a 600-ml. beaker. To the warm filtrate, care- 
fully add distilled water heated to 60° C. until the solution just becomes 
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turbid (300 to 500 ml. of water are required, depending upon the concentra- 
tion of the protein). Warm the solution in a water bath at 60° until It becomes 
clear and then permit both the solution and the water bath to cool spon- 
taneously at room temperature. In 24 hours there settles out a precipitate of 
globulin wrhlch is almost entirely cr>staliine in form. This particular globulin. 
In hemp seed is called edestin. It is soluble In warm 10 per cent sodium 
chloride solution and may be crystallized by cooling its solution, or by 
dialyzing the solution against distilled water. Addition of warm water, as 
abote, increases the >ie!d of crystals obtained by decreasing the solubility of 
the protein. Edestin crystallizes in se\eral different forms, chiefly octahedra 
(see Fig. 58), Filter off the edestin and make the follow ing tests on the crj stal- 
llne material. 

Tests on Crystallized Edestin , 

1. Microscopical Examination (see Fig. 58). 

2. Solubility. Try the solubility iti water, 1 per cent sodium chloride solu- 
tion, dilute add and alkali, and alcohol. 


3. million's Reaction. 
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4 Coagulation Test. Place a small amount of the globulin In a test tube, 
add a little water, and boll. Now add hydrochloric acid and note that the 
protein no longer dissolves It has been coagulated. 

Dissolve the remainder of the edestin In about 50 ml. of 10 per cent sodium 
chloride solution, and make the following tests on this solution. 


Tests on Edestm Solution. 

J. Influence of Protein Preclpitants. Try a few protein preclpltants such 
as nitric acid, tannic acid, picric acid, and mercuric chloride. Compare with 
the results on egg albumin (p. 174). Can you distinguish between albumin 
and globulin by tests such as these? 

2. Biuret Test. 

3. Coagulation Test. Boll some of the solution in a test tube. What hap' 
pens? 

4. Saturation with Sodium Chloride. Saturate about 10 ml. of the solution 
with solid sodium chloride. How does this result differ from that obtained 
upon saturating egg albumin solution with Bolld sodium chloride? 

5. Precipitation by Dilution. Add a few drops of the solution to a test tube 
filled with distilled water. Why does the globulin precipitate? 


6. Precipitation by Dialysis. Place the remainder of the solution in a dialyz- 
ing bag and dialyze against about 500 ml. of distilled water. Why does the 
globulin precipitate? Examine the precipitate under the microscope. 

C Glutelins 

It has been repeatedly shown, particularly by Osborne, that after 
estroctrag the seeds of cereals with water, neutral salt solution, and strong 
alcohol, there still remains a residue which contains protein matenal which 
may be extracted by very dilute acid or alkali These probably denatured 
proteins which are insoluble in alt neutral solvents, but readily soluble 
", r “ Ut ° ri\ aml alkallra ’ are called glutelins The only member 
mixture of n^M 1 ' ha l y h rc “' vral a "™ ” the glutenm of wheat,' a 
X. ” ' I ,rolcm “ "'>«•!> constitutes nearly 50 per cent of the gluten, 

the remainder being principally gliadm 

or .lapomUngd^haUd a1lu““ Je. ‘ ? V “° Ur * C “?“sh 

results. Knead this dnuoti 3 ° d m 1 thoroughly until a stiff dough 

an hour. This 1, don® inorderthafthemaxfm" 1 ' 1 U * tand toT ab ° Ut 
obtained. Treat the dough with about 2? raum quantity of gluten may be 
oughly. Note the vellowUh «.«i t . water and knead it thor- 

the water due to suspended staVch jtl a n d ,° U8b f ” U the m,lk y appearance of 
on a slide, cover «.e.U.pen.lO» 

•olutlon and ob.erre the vtalned March * 1,p a d,op o( lod ' t 

tarch granules under the microscope ) 

wilh dilute^ftlkidi 'u , MtuL"y S M , Uet R5 , Utenln PMpwed by extraction of gluten 
in the crude gluten CrslbIe aller.uon product of a more complex protein 
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Filter and apply a protein color reaction (see p. 169) to the filtrate. It should 
be positive, indicating that water-soluble proteins were present in the flour. 
Add fresh water to the dough and repeat the kneading process. Continue this 
procedure with fresh addition of water, or holding the gluten under the tap, 
until practically no starch granules are noted in suspension. To a small piece 
of the yellow, fibrous gluten apply Milton’s reaction (p. 169). This test shows 
gluten to be protein material. Utilize the remainder of the gluten in the 
preparation of gliadin below. 

Gluteninr Preparation and Tests. (In the preparation of gliadin below it is 
customary to remove this prolamin from the crude gluten by extracting with 
70 per cent alcohol. Inasmuch as gluten consists chiefly of gliadin and 
glutenln the portion of the gluten remaining after the extraction of the alco- 
hol-soluble protein gliadin may be utilized for the preparation of glutenin.) 

To the finely divided residue from the preparation of gliadin below in a 
flask or bottle add about 250 ml. of 70 per cent alcohol. Allow to stand for 
about 48 hours with repeated shaking in order to remote any remaining 
gliadin. Crude glutenin remains. To purify the glutenin, treat It in a mortar 
with sufficient 0.2 per cent NaOH to dissolve it, and filter the liquid through 
a wet pleated filter. Neutralize the filtrate carefully with 0.2 per cent HC1, 
adding the acid drop by drop with thorough mixing after each addition. (The 
glutenin is soluble in excess of acid.) Filter off the glutenin precipitate and 
wash several times with 70 per cent alcohol and finally with water. Apply the 
following tests: 

1. Solubility in water, 0.9 per cent NaCI solution, 0.2 per cent HC1, and 
0.5 per cent Na*COj. 

2. Milton’s Reaction. 

D. Prolamins (Alcohol-soluble Proteins) 

The term prolamin was proposed by Osborne for the group of plant 
proteins formerly termed “alcohol-soluble proteins.” The name is very 
appropriate inasmuch as these proteins yield, upon hydrolysis, especially 
large amounts of proline and ammonia. The prolamins are simple proteins 
which are insoluble in water, absolute alcohol, and other neutral solvents, 
but are soluble in 70 to 80 per cent alcohol and in dilute acids and alkalies. 
They occur widely distributed, particularly in the vegetable kingdom, and 
include zein of maize, hordein of barley, gliadin of v heat and rye, bynin of 
malt, and kafirin of kafir. Sorghum and rice also contain alcohol-soluble 
proteins. They yield relatively large amounts of glutamic acid on hydroly- 
sis but little or no lysine. The largest percentage of glutamic acid (47 
per cent) ever obtained as a decomposition product of a protein substance 
was obtained from the hydrolysis of the prolamin gliadin. This yield of 
glutamic acid is also the largest amount of any single decomposition prod- 
uct yet obtained from any protein except the S8.4 per cent of arginine 
obtained from salmin. 

Gliadin: Preparation and Tests. Introduce the finely divided crude gluten 
as prepared on p. 190 into a flask or bottle, add about 250 ml. of 50 to 70 per 
cent alcohol, and allow the mixture to stand 24 hours with occasional shak- 
ing. Filter (retaining the undlssolved portion for preparation of glutenin, 
above) and evaporate the filtrate to drjncss in a porcelain dish over a water 
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bath Pulverize the dry material Apply the following testa to this gliadin 
powder 

Solubility and Protein Tests Test the solubility in alcohol (30 per cent, SO 
per cent, and 70 per cent), water, 0 9 per cent NaCJ, 0 2 per cent HCI, and 
0 5 per cent NajCO*. Shake each tube repeatedly and filter To the filtrate 
apply the coagulation test (p 190) and the biuret test (p 171) 


E Albuminoids (Sclluoi kotuns) 

The albuminoids yield hydrolytic products similar to those obtained 
from the other simple proteins already considered, thus indicating that 
they possess essentially the same chemical structure They differ from 
all other proteins, whether simple conjugated, or derived in that thej 
are insoluble in all neutral solvents The albuminoids include “the prin- 
cipal organic constituents of the skeletal structure of animals as well as 
their external covering and its appendages ” Some of the principal 
albuminoids are keratins from hair, horn, nails feathers, etc , elastms 
from arteries, ligaments, collagens from hone skin hoof, etc , reticuhn, 
spongm, and silk fibroin Gelatin cannot be classed as an albuminoid al 
though »t is a transformation product of collagen The various albu- 
minoids differ from each other in certain fundamental characteristics (sec 
p 183) Experiments on albuminoids will be found in Chapter 9 


II CONJUGVTED PROTEINS 

Conjugated proteins consist of a protein molecule united to some non 
protein molecule or molecules otherwise than as a salt Glycoproteins 
nuclcoproteins, chromoprotems phosphoprotems lipoproteins, and 
metalloprotcins arc the six classes of conjugated proteins 

Glycoproteins may be considered a3 compounds of the protein mole- 
cule with a substance or substances containing a carbohydrate group 
other than a nucleic acid They y,eld upon decomposition protein and 

ottA nin n0lably Glucosamine CHeOII (CHOH)r 
CIICMIj) CIlO galactosamme galactose fucose and uromc acids The 
C fi': T (1) mucoids (2) mucins and (3, sulfomucins 

The elementary composition ot typical mucoids is as follows 
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Pliosphoproteins are considered to be compounds of the protein 
molecule and phosphoric acid. The percentage of phosphoius in phospho- 
proteins is very similar to that in nucleoproteius, but they differ from 
this latter class of proteins in that they do not yield any purine bases 
upon hydrolytic cleavage. Two of the common phosphoproteins are the 
casein of milk and the ovovitellin of egg yolk. The phosphorus in these 
proteins exists in phosphoric acid radicals bound in ester linkage to the 
hydroxy amino acids serine and threonine. For the preparation of a typi- 
cal phosphoprotein (casein), see Chapter 8. 

Clironioproteins are compounds of the protein molecule with a 
metalloporphyrin (see Chapter 22) or some similar substance. The prin- 
cipal members of the group are the hemoglobin of the blood and the 
chloiophyll proteins of plants. Upon hydrolytic cleavage, hemoglobin 
yields a protein termed globin and a coloring matter which contains iron 
and is known as heme. Hemocyanin, another member of the class of 
chromoproteins, occurs in the blood of certain invertebrates, notably 
cephalopods, gasteropods, and Crustacea. Hemocyanin generally contains 
either copper, manganese, or zinc, as contrasted to the iron of the hemo- 
globin molecule. For the preparation of hemoglobin in crystalline form, 
see Chapter 22. 

Lipoproteins consist of a protein molecule joined to lecithin, choles- 
terol, and other fatty substances. They have been comparatively little 
studied and may possibly be mixtures of protein and Iipide material. 
These unions are not split by treatment with ether but are by alcohol, 
especially after heat denaturation of the protein. 

Nucleoproteins. For consideration of nucleoproteius, see Chapter 7. 

Metalloproteins. Numerous protein enzymes contain metals as an 
inherent portion of then- molecules, eg., carbonic anliydrase is a zinc 
protein complex, argmase contains manganese or magnesium, tyrosinase 
contains copper, etc. 


III. DERIVED PROTEINS 
A Primary Protein Derivatives 
1. proteyns 

Proteans are those insoluble, denatuied protein substances which are 
produced from proteins originally soluble through the incipient action of 
water, enzymes, very dilute acids, etc. According to Osborne nearly all 
proteins may give rise to proteans, and the determining factor in the 
transformation is the hydrogen-ion concentration. The protean produced 
from the transformation of edestin is called edcstan; that produced from 
myosin is called myosan, etc. The name protean was first given to this 
class of proteins by Osborne in 1000 in connection with Ins studies of 
edestin. It is but little used at present. 

2. metaproteins 

The metaproteins are denatured proteins formed by the action of dilute 
acids and alkalies on some proteins, especially on the albumins and the 
globulins. The coin ersion of protein into metaprotein is accelerated by a 
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rise in temperature, taking place almost immediately at the boding point 
There is, at present, no definite evidence concerning the exact nature of 
the changes which the protem molecule undergoes during this transforms 
lion (See the section “Protein Dcnaturation and Its Reversal” in Chap- 
ter 5) The denatured protein behaves like a suspensoid, dissolving in 
dilute acids and alkalies — l e when the particles are electrically charged 
—and flocculating when the solutions are brought to the isoelectric point 
The suspensoid character of the metaprotems is also indicated by their 
sensitivity to electrolytes especially in the neighborhood of the isoelectric 
point The metaprotems are precipitated by saturation of their solutions 
with ammonium sulfate and when dissolved in acid, by full saturation 
with sodium chloride Boiling an isoelectric suspension of metaprotem 
converts it mto coagulated protein, m which case the material is no longer 
ooluble m dilute acids and alkalies 

The metaprotems are usually classified as (1) acid metaprotems, or 
so-called acid albuminates and (2) alkali metaprotems, or alkali albu- 
minates depending upon whether they are formed by the action of acid 
or alkali on the native protein Transformation products with similar 
physical properties are formed by the action of enzymes ultraviolet light, 
etc , on native protein It is unlikely that these procedures cv cr produce 
a homogeneous metaprotem 


EXPERIMENTS ON A DENATURED PROTEIN 

Preparation and Study Alkali Metaprotem ( Alkali Albuminate) Carefully 
separate the white from the yolk of a hen s egg and place the former in an 
evaporating dish Add 10 per cent sodium hydroxide solution, drop by drop 
stirring continuously The mass gradually thickens and finally assumes the 
n°n ° f J ' lly Tl !“ " * 0l “ 1 * * * lk * , ‘ "““Protein or “Lleberkuhn’a jelly 

Do not odd on e.ces, ol .odium hydror.de or Ihejelly will di.solve Cut It mto 

nZ water*' k 1 »“ d ‘» 1 * . >>y mean, of run 

. ' wa,h ““ fr « e Iron adherent alkali Now add a .mall 

amount of water, wh ch form, a weak alkaline .olut.on with the alkali within 
the pieces, and dissolve the jelly by gentle heat Cool the solution and divide 
hylVhZ^ W ‘ , ' > ^ P- Ne^taZe wlih dilute 

^ - th * 


I Sofubi/ify Solubility In 


e precipitate and test as follows 
water, sodium chloride solution, dilute acid. 


2. Millon’s Reaction 

3 Coagulation Tett Suspend a little of 
solution) and heat to boiling for a few mom™? e ** protem “» water (neutral 
lute NaOII solution to the water and see ,f the * dd ' l ° 2 dr ° P9 ° f ‘V 

dilute alkali What is the result and why? meta P r °te‘« « still soluble in 

f Ttstjor Cyttine and Cytte ne Sul/ur (see p „ 8 ) 

Subject the second part of the original solution to the foi, owing tests 

Doe. it coagmTte? 7 *** HMt *° me ° f the soI “t»on to boiling m a test tube 
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<5. Biuret Test . 

7. Influence of Protein Precipitants. Try a few protein precipitants such as 
picric acid and mercuric chloride How do the results obtained compare with 
those from the experiments on egg albumin? (See p. 174 ) 

3 COAGULATED PROTEINS 

Simple proteins, such as the albumins and globulins, are converted by 
heat, ultraviolet light, mechanical agitation, or long contact with alcohol, 
etc , into insoluble materials known as coagulated proteins, which prob- 
ably consist of the matting together of the denatured protein fibrils simi- 
lar to the formation of felt from short fibers of hair (See p 156 and the 
section "Protein Denatuiation and Its Reversal” in Chapter 5 ) Coagu- 
lated proteins are insoluble in water, salt solutions, and dilute acids and 
alkalies They are soluble in strong mineral acids and alkalies which 
hydrolyze the protein mto simpler substances 

EXPERIMENTS ON COAGULATED PROTEIN 

Ordinary coagulated egg white may be used in the following tests: 

1. Solubility. Try the solubility of small pieces of coagulated protein la 
water, 1 per cent sodium chloride, and dilute and concentrated acid and 
alkali 

2. Mtllon’s Reaction 

3. Xanthoproteic Reaction Partly dissolve a medium-sized piece of the 
protein in concentrated nitric acid. Cool the solution and carefully add an 
excess of ammonium hydroxide. Both the protein solution and the undis- 
solved protein will be colored orange. 

4. Biuret Test . Partly- dissolve a medium-sized piece of the protein In con- 
centrated sodium hydroxide solution, If the proper dilution of copper sulfate 
solution is now added, the white coagulated protein, as -well as the protein 
solution, will assume the characteristic purplish- violet color. 

B Secondary Protein Derivatives 

1 PROTEOSES AND PEPTONES 

The proteoses and peptones are poorly defined intermediate products 
formed during the digestion of proteins by the proteolytic enzymes, as 
\\ ell as m the decomposition of proteins by liy drolysis and the putrefac- 
tion of proteins through the action of bacteria As hydrolysis proceeds, 
the large, colloidal protein molecule is split up into a mixture of large and 
small fragments w Inch w ere formerly designated as primary and second- 
ary proteoses, peptones, and peptides The larger fragments are con- 
stantly being broken down until, finally, only amino acids remain It 
should be emphasized that the substances formerly known as proteoses 
and peptones are not homogeneous chemical entities, but rather mixtures 
of frigmuits of the original protem molecule which vary in composition 
and al"o m size, and ire grouped together merely because they exhibit 
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tcrtam characteristic properties in common Those fragments which are 
precipitated when the solution is half saturated with ammonium sulfate 
were known as primary protco'-es, those precipitated when the solution 
is saturated with ammonium sulfate were called secondary proteoses 
Tile peptones were not precipitated by ammonium sulfate The proteoses 
still exhibit colloidal properties, but these properties become les3 pro- 
nounced and begin to disappear entirely by the time the breakdown of 
the protein molecule has reached the peptone stage Thus, in addition to 
being nonprccipitable by ammonium sulfate, the peptones diffused 
through such membranes as collodion and failed to give some of the char- 
acteristic precipitation reactions of proteins 
Since the proteoses and peptones are both heterogeneous mixtures of 
fragments of the original protein molecules different preparations of these 
substances will show variations in composition and properties depending 
upon the nature of the protein used as starting material, the method of 
hydrolysis employed, and the method used to separate the vanous 
products of hydrolysis Thus the so-called peptones sold commercially 
vary not only in composition but also in the amounts of primary and 
secondary proteoses they contain As a class the proteoses and peptones 
are a mixture of amino acids and peptides not coagulated by heat Some 
arc also soluble in dilute alcohol Peptones differ from proteoses m being 
more diffusible, and nonprccipitable by (Nil <)£()<, and by their failure to 
gne any reaction with potassium fcrrocjamde and acetic acid, polassio-mer- 
ureu,‘,S!l£l°T J f’ T™ aC< ani ' ncMw °ttcelrc ^cul Peptones may be 
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SEPARATION OF PROTEOSES AND PEPTONES 11 
Place 50 ml. of proteose-peptone solution In an evaporating dish or cas- 
serole, and half-saturate it with ammonium sulfate solution, which may he 
accomplished by adding an equal volume of saturated ammonium sulfate 
solution. At this point note the appearance of a precipitate of the primary 
proteoses. Now heat the half-saturated solution and its suspended precipitate 
to boiling and saturate the solution with solid ammonium sulfate. At full 
saturation the secondary proteoses are precipitated. The peptones remain in 
solution. 

Proceed as follows with the precipitate of proteoses: Collect the sticky pre- 
cipitate on a rubber-tipped stirring rod or remove it by means of a watch 
glass to a small evaporating dish and dissolve it in a little water. To remove 
the ammonium sulfate, which adhered to the precipitateand is now in solu- 
tion, add barium carbonate, boil, and filter off the precipitate of barium sul- 
fate. Concentrate the proteose solution to a small volume 11 and make the 
following tests: 

Tests on Proteoses. 

1. Biuret Test. 

2. Precipitation by Nitric Acid. What would a precipitate at this point 
indicate? 

3. Precipitation by Trichloroacetic Acid. This precipitate dissolves on heat- 
ing and returns on cooling. 

4. Precipitation by Picric Acid. This precipitate also disappears on heating 
and returns on cooling. 

5. Precipitation by Potassio-mercurtc Iodide and Hydrochloric Acid . 

6. Coagulation Test. Boil a little in a test tube. Does it coagulate? 

7. Precipitation by Acetic Acid and Potassium Ferrocyanide. 

Tests on Peptones . The solution containing the peptones should be cooled 
and filtered, and the ammonium sulfate in solution removed by boiling with 
barium carbonate as described above. After filtering off the barium sulfate 
precipitate in the presence of a filter aid such as diatomaceous earth, con- 
centrate the peptone filtrate to a small volume and repeat the tests as given 
under the proteose solution, above. Also try the precipitation by tannic acid. 
In the biuret test the solution should be made very strongly alkaline with 
solid potassium hydroxide. 


11 The separation of proteoses and peptones bj means of fractional precipitation with 
ammonium sulfuto does not possess the significance it was once supposed to possess inas- 
much as the boundary between these substances and peptides is not well defined (see p 113) 
tor discussion of a quantitati\o method for determining protein and proteose based on 
their separation b> tnchloroaceUc acid, see Seibert J. Biol. Chrm . 70, 2C5 (1920) 

11 If the proteoses are desired in powder form, this concentrated proteose solution ma} 
now bo precipitated by alcohol or acetone, and this precipitate, after being washed with 
acetone and with ether, ma> lie dried and powdered. 
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Model Chart for Remew Purposes 
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2 peptides 

The peptides are "definitely characterized combinations of two or more 
ammo acids, the carboxyl (COOH) group of one being united with the 
amino (NH**) group of the other with the elimination of a molecule of 
water ” These peptides are more fully discussed on pp 113 and 152 

REVIEW OF PROTEINS 

In order to facilitate the student’s re\ lew of the proteins, the prepara 
tion of a chart similar to the model shown above is recommended 
The signs + and — may be com emently used to indicate positive and 
negatu e reactions 
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bases This led to a long pre\alent theory that the nucleic acids were 
fcetranucleotides, or at least contained a repeating tetranucleotide unit 
Howevei, with the advent of more refined techniques, analyses now indi- 
cate that few nucleic acids contain the equimolar quantities of the four 
bases required by the tetranucleotide theory The presence of a fifth 
nucleotide in some deoxyribose nucleic acids also discredits that hypothe- 
sis Present concepts of nucleic acid structure suggest a much greater 
complexity These laige molecules are still less well undei stood than are 
the proteins 

Nucleotide 

Purine or Ribo&e or P hosphoric 

Pyrimidine Deoxyribose Acid 

Nucleoside 

Ribose Nucleic \cid Debivatives 
Base \ uclcoside Nucleotide 

Uracd Uridrnc Uridylic A.cid 

Cytosine Cytidme Cjtidylic Acid 

Adenine Adenosine Adenylic Acid 

Guanine Guauosme Guanylic Acid 

Deoxtribose Nucleic Acid Derivatives 
Thymme Thymidine Thymidylic Acid 

For the deoxyribose den values of the other three bases 
the prefix deoxy is used vi ith the names abov e, as in 
deoxycyhdtne 

Purine and Pyrimidine Content. Analyses of the purine and pyrimi- 
dine content of various deoxyribose nucleic acids by paper-chromato- 
graphic methods have shown variations m the composition of the DNA 
from various species Chargaff has shown that though the ratio of total 
purines to total pyrimidines is usually close to unity, there are types in 
which the amounts of one punne and one pyrimidine may considerably 
exceed the amounts of the others It is of interest that, of the various 
possible combinations only two types have been encountered one in 
which adenme and thymme predominate, and one in which guanine and 
cytosine predominate The former is most frequently found in mammalian 
tissues, yeast and so forth , the latter is common in bacteria Some bacteria 
possess a DNA with nearly equal proportions of the four bases Where 
5-methyl cytosine is found to be present as a fifth component (m plant, 
fowl, and mammalian species, including man) it is usually found only m 
traces, although in the case of the DNA of wheat embryo it amounts to 
one-eighth of the total base present 

The Amount of Nucleic Acids m the Cells. 

(a) Dlovuubose Nucleic Acid The total quantity of deoxynbose 
nucleic acid per cell is remarkably constant in all the normal somatic 
tissues within a given species Tins amount is not altered by conditions 
such as starvation or other stress The amount per hiploid (sperm) mi 
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cleus is one half of that for a normal diplonl nucleus of the species and 
where polyploidy is found the D\ V per nucleus is correspondingly in 
creased There are considerable variations from species to species fish 
and birds having generally a smaller amount of DN V. per nucleus than 
mammals (which generally contain m the order of G X 10 * mg per nu 
cleus) The constancy of the amount of D\ V per nucleus and of the com 
position throughout a species correlates w ell \\ ith the requirement of the 
genetic theory for a constancy in the character of the chromosome This 
is another of the lines of evidence which foster the theory that DN A may 
be an integral component of the chromosome 

(b) Ribosl Nlcluc Void The ribose nucleic acids of various tissues 
\ ary in composition from tissue to tissue and that of the nucleus differs 
from that of the cytoplasm Preparations of It'S A satisfactory for ana 
l>tical studies are few and no generalizations can be made The quantity 
of It'S A per cell fluctuates under various conditions It is greatly in 
fluenccd by such factors as the nutritional state of the animal and is 
greater in those cells with higher metabolic activities For instance it is 
high in secretory organs such as salivary glands and pancreas where 
active protein synthesis and secretion arc taking place There is also 
relatively more It\ V in rapidly growing embryonic and tumor tissues 
Much circumstantial evidence is available which indicates that there is 
an increase m quantity and metabolic activity of the It\ V just prior to 
or associated with protein synthesis and the theory that nbosc nucleic 
aud plajs a major role in the synthesis of protein has received much sup- 
port However there is >et no concrete evidence of any direct participa 
tion of It'S A in protein synthesis Several other suggestions that RNA 
may be primarily involved m processes such as secretion or energy me 
tabolism have some support It remains that nbose nucleic acid is a 
dynamic component of the cell and is certainly associated with active 
metabolic processes but a definite assignment of a functional role is not 
yet possible 


THE STRUCTURES OF NUCLEOTIDES VND OF 
POLYNUCLEOTIDES 

™ T1 n p f nto1 ’ 1 ? “ nucleosides arc attached in a nonreducing \ gly 
that the k ? S ,° h ?‘ ‘ he of 3 Pynmidine nucleoside requires 
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acid formerly referred to such a mixture of these isomeric adenylic acids, 
as obtained from yeast nucleic acid. The discovery that there were not 
four nucleotides, but four pairs of isomeric nucleotides that could be ob- 
tained from ribose nucleic acids, necessitated re-evaluation of many of 
the structural and metabolic aspects of the polynucleotides. 
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One of the isomeric Adenylic Acids 
(O-fl-D-nbofuranosyl-adcmne-S'-phosphato) 
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One of the isomeric Uridylic Acids 
(l-0-n-nbofurauosyl'Uracd'2'-phofcphate) 
(Undme-2'-phosphate) 


The third possible isomer of adenylic acid is the one in which the phos- 
phate is attached at the 5' position. This nucleotide, adenosine-5 '-phos- 
phate, has long been known, to occur in muscle and bears the name muscle 
adenylic acid. It is the adenylic acid from which adenosinetriphosphatc 
(ATP) and certain coenzymes are derived, and it thus plays important 
roles in carbohydrate metabolism, fermentation, and muscular contrac- 
tion (see Chapter 10). 

Enzymatic degradation has provided further information on the nature 
of the linkages present in RNA. Cleavage of RNA by pancreatic ribonu- 
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dense hberates the mafonty of 

3'-uridvhc acids An enzyme-resistant portion remains _i. n<in v l odies- 

chiefly^of purine nucleotides The subsequent action of P P ^ 

5'-— 

pynmidme nucleotides These results suggest that it is the * the 

aL s “ hieh predonunate m the nuclctc acid, desp.te the fact that >t is 
3' and 2’ isomers that are produced by the action of alkali 
The production of the mixture of the 2 and 3 isomers upo 
hydrolysis of nucleic acids is attributed to the formation ofoycjP 
phate esters, such as that depicted here In this illustration the nbose an 
its three available hydroxyl groups arc presented schematically 
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In this tricster of phosphoric acid the bond which is not involved m the 
cyclic phosphate is the most labile to alkali and is cleaved first The cyclic 
mononucleotides which are thus liberated are then further cleaved by 
alkali to yield mixtures of the 2' and 3' mononucleotides 

In the deoxynbose nucleic acids the lack of a hydroxyl in the 2' posi- 
tion of the sugar prevents the formation of the cyclic phosphate, as is 
evident from the formula of thymidine shown on p 207 The deoxy- 
nbose nucleic acids arc thus more resistant to depolymenzation by alkali, 
in fact, most methods for separation of the two types of nucleic acid 
depend upon the difference in their stability in the presence of alkali 
In the nbose nucleic acid the presence of approximately one lomzable 
hydrogen per phosphate indicates that most of the phosphates are present 
as dt esters Approximately one quarter of this titratable hydrogen shows 
a pK of about 0 corresponding to a secondary phosphoryl dissociation, 
and this indicates that the nbose polynucleotides are not solely diphos- 
phate ester hndges from the 3 to the 5' hydroxyls of adjacent nucleotides 
bcyval other lines of evidence buggest the presence of some monoesten- 
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ribose after methylation), and of some triesterified phosphoric acid (from 
titration data). The characterization of a number of di-, tri- and tetra- 
nucleotides, which are obtained by partial enzymatic or acid hj'drolyses 
of ribonucleic acids, also reveals that several purine or pyrimidine nu- 
cleotides may be adjacent to one another. Sufficient information is not 
available to plot the sequence of nucleotides m any nucleic acid. 

O 

I! 

c 

HN^ CH, 



A formulation such as that shown in Fig 59 is compatible with the 
present chemical and enzymatic evidence and indicates the complexity of 
the structure of the polynucleotides known as ribose nucleic acids. This 



Fig 59 Fragment of a Ribose Nucleic Acid 
Schematic presentation of the t> pea of linkage 
m\ oh ed. 

{ Viter Colin. Doherty, and Yolkin: Pkaiplorm YdaUnni) 
k oL 2 Baltimore. Johns Hopkins Um\ enuty Press, 1052. 
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sketch of the current speculations regarding interned, ate lmk^esrepre- 

Lots only a portion of a molecule A molecular Height of 30,000, lor 
instance, requires nearly 100 nucleotides , . 

Various enzymatic hydrolyses of the deozynboso nucleic acids hare 
yielded 3' nucleotides or o' nucleotides Small amounts of deoxynbosc nu 
cleosides bearing tuo phosphonc acids (in both the 3 and o position) 
have also been obtained The nucleotides m D\ V must bo joined pnn 
cipally by 3', o' phosphate diester bridges, tilth possibly some branching 
through tneattnfied phosphate , 

It should be pointed out that phosphate bridges between the o by 
droxyls of two nucleotides ha\c not been found, nor have pyrophosphate 
linkages been implicated The latter t>pe of linkage is found m tho^j 
coenzymes which are formed from adenosine 5' phosphate and various 
\itamm denvatnes Despite their considerable Mmilantics there is thus 
a fundamental difference between nucleoproteins and tho=e enzymes 
which are complexes of a dmudeotide cocnzymc and a protein (see 
Chapter 12) 


METABOLISM OF NUCLEIC ACIDS 
The organism is able to synthesize de noio all of its nucleic acids and 
none of the organic constituents thereof are nece .sary m the diet It has 
therefore been difficult to learn what compounds are utilized m forming 
the tissue nucleic acids, since classical nutritional and balance studies 
were able to contribute little Most of the knowledge of the origin of the 
nucleic acid components has come from the administration of isotopicallj 
labeled compounds and the use of degradative procedures which permit 
anal} sis of individual moieties of the products In this wa> the principle 
sources of the individual atoms of the punne nng have been shown to be 
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from one-carbou units such as formate or formaldehyde, and folic acid 
plays a direct role m the incorporation of these one-carbon units There 
is iio evidence that there is any formation of free purmes m the course of 
biosynthesis m tissues Rather, the nbose and phosphate are attached to 
a smaller precursor before the synthesis of the purine ring is fully com- 
pleted This has been shown to be true in studies of inosime acid (hypo- 
\anthme nbotide) biosynthesis m pigeon liver, aDd the mechanism of 
synthesis of purine derivatives in this species is probably identical or very 
similar to such synthesis in the mammal 

In birds and reptiles there is a peculiarity of purine metabolism not 
observed in mammals In those species uric acid, instead of urea, is 
formed directly as the chief catabolic end product of protein nitrogen 
metabolism 

Among the purmes classically associated with purine metabolism, only 
adenine reaches the nucleic acids in significant amounts when fed to the 
rat Adenine is not only incorporated as adenine but is also partially 
transformed into the guanine of the polynucleotides, and by the use of 
isotopes it has been demonstrated that the purine nng remains intact 
during this conversion Guanine and several other purmes are extensively 
catabohzed and, m the rat do not reach the polynucleotides Guanine 
can, however be readily used by several species of microorganisms and 
to a small extent by the mouse, and m most cases it can also be trans- 
formed into polynucleotide adenine A purine which has not been shown 
to occur m nature, 2,6 diammopurme (or 2 ammoadenme), can bo uti 
lized for the synthesis of polynucleotide purmes In the rat it is converted 
only into nucleic acid guanme although in some species it may be con- 
verted into both nucleic acid purines 

The nucleoside and nucleotides of adenine may be utilized by the rat 
but only if they are administered parenterally in order to avoid the diges 
tive enzymes of the intestinal tract Guanyhc acid can lead to nucleic acid 
guanme, although guanosme like guanme fails to do so in the rat 
Less is known of the origin of pyrimidines The 2 carbon can arise from 
carbon dioxide, and aspartic acid and carbamyl aspartic acid are major 
precursors of the other carbons of the ring The pyrimidines uracil and 
cytosine are not significantly utilized for polynucleotide synthesis, al 
though their nucleosides or nucleotides are \ ery effectively utilized There 
is an mterconversion of the pynmidme derivatives, similar to that of the 
purmes, and thus cytidine and cytidylic acid are transformed into nbose 
nucleic acid uracil and also into deoxynbose nucleic acid cytosine and 
thymine The conversion to the latter involves the acquisition of an addi 
tional carbon for the 5-methyl group of the thymine This arises from 
one-carbon units such as formic acid or the j3 carbon of serine, and folic 
acid is also involved m this reaction Vitamin Bi 2 is likewise involved m 
the formation of thymidine and other deoxy ribosides but its role is not 
yet adequately defined It is of interest that a pyrimidine which is found 
in milk orotic acid or 6-carboxyuracil is readily utilized as a precursor of 
polynucleotide py runidmes Its possible significance m infant nutrition is 
uot clarified 

The usual diet contains few sources of individual purmes, pynmidmes 
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and their nucleosides, or nucleotides Varying amounts, however, of nu 
clcic acids will normally be encountered in the diet particularly when 
appreciable quantities of glandular meats are consumed The feeding of 
isotopitally labeled nbose (> cast) nucleic acid to the rat showed that 
there was appreciable incorporation of its pyrimidines, but no significant 
incorporation of its purines into the tissue nucleic acids This is in dis- 
tinct contrast to the fact that when the individual free pyrimidines are 
present in the diet they arc not incorporated Since adenine and its denva- 
ti\ cs can be incorporated it is obvious that the purine moieties of the nu 
clue aud arc catabohzed further than the nucleotide or nucleoside stage, 
and that the catabolic products do not include adenine On the other hand 
the pyrimidine moieties which were utilized must have been absorbed be- 
fore degradation to the free pyrimidines The fate of the dietary nucleic 
acid can he correlated with the known fates of the various derivatives 
and with the known degradative enzymes described below 

ENZYMATIC BREAKDOWN OF NUCLEIC ACIDS 

The following 13 an outline of the steps and the enzymes involved in 
the digestion and catabolism of nucleic acids 

Nucleic Acids 
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adenosine deaminase does, however, convert adenosine to inosine, and the 
net result is to lead to purines which are extensively catabolized and not 
to purines which are utilized for nucleic acid synthesis. The lesser abun- 
dance of pyrimidine nucleosidases does not result in the rapid destruction 
of the ribose derivatives of the pyrimidines. 


CATABOLISM OF PURINES 

The purines are readily catabolized to uric acid via a series of deamina- 
tions and oxidations as outlined below. Adenosine and its derivatives can 
reach hypoxanthine through deamination to inosine and cleavage of the 
inosine to hypoxanthine If a large amount of adenine is present it can be 
oxidized directly to 2,8-dioxyadenine, which may cause kidney damage 
through deposition of crystals of this very insoluble substance in the 
tubules. 
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In man and apes, uric acid is the primary end product of purine metab- 
olism, but in other mammals an enzyme, uricase, carries the oxidation 
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further to the more soluble allantom In man intrucnoudy a.lmimMeretl 
uric acul is almost completely excreted as such and only a small DU 
variable amount is degraded as far as urea However, orally admimsterea 
unc acid is extensively degraded to urea, presumably by intestinal 


In gout the blood unc acid concentrations arc increased somewhat 
above normal, and the ultimate result of the disease is the deposition ot 
tophi of sodium urate in the joints and elsewhere However the unc act 
clearance is usually essentially normal although it may bo decrease 
where renal impairment has resulted 
In the normal individual there is somewhat le«s than a gram of unc 
acid m the blood and fluids m a volume approximately equal to the 
extracellular space The size of this available pool, and its rate of renewal, 
can be measured by the intravenous injection of a small sample of iso- 
topic unc acid and determination of the course of excretion of the isotope 
Benedict and Stettin have shown that in the gouty individual the size of 
the pool may be increased many fold Only the outer portions of the 
tophaceous deposits of urates were found to equilibrate rapidly with ad 
ministered lsotopically labeled unc acid The etiology of gout 13 complex 
but a study making use of isotopic glycine has confirmed the view that 
increased synthesis of unc aeid is a factor 
The administration of VCTH leads to uncaciduna, and in the gouty 
patient can precipitate an attack of acute gouty arthntis Increased blood 
unc acid is one of the outstanding changes observ cd in eclampsia 


EXPERIMENTS ON NDCLEOPROTEINS AND THEIR 
DERIVATIVES 

1 Preparation 1 of Deoxyribosenucleoprotem from Thymus or Spleen Fresh 
tissue is minced and thoroughly washed with physiological saline, containing 
0 01 M sodium citrate The washed tissue is then extracted by stirring with 
about 10 volumes of 1 M NaCl containing 0 01 M sodium citrate The suspen 
slon is centrifuged at high speed (10,000 to 12 000 r p m ) and the supernatant 
liquid containing the nucleoprotein is removed This solution is poured into 
6 volumes of water (which reduces the \aCl concentration to that of an iso 
tonic solution), and the nucleoprotein precipitates as a fibrous mass The 
supernatant liquid U Recanted and the nucleoprotein is purified by again 
issolvtng In M NaCl The solution is centrifuged at high speed to remove any 
Ia1, “ nd ,5 h ® nuc ' eo Proteln is again precipitated by pouring 

h. end the U 8tirred with a having a crook at 

its end, the fibrous material generally wind, around the rod and adheres to it 


2 Tests on Nucleoprotein Try the following tests 
preparation 


nucleoprotein 

? Try thr lamhoprotelc union and bmret te.t, 

Km.Tr„Val'c„ho“ b " ,,y ***“' P " “»* 10 per ce„, HO all*, 

c Test for Phosphorus In Organic Matter t« 0 „ „ ,, , « 


I S «U(I>«)* r J r ' n Ihu,uA M U7 (1910) I eterinano and Lamb J Bui 
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sodium carbonate to one potassium nitrate). Heat carefully until the result- 
ing mixture is colorless. Cool, dissolve the mass In a little warm water, acidify 
with uitricacid, heat to about 65°C., and add a few ml. of molybdate solution. 
In the presence of phosphorus a yellow precipitate of ammonium phospho- 
molybdate is formed. 

Instead of acidifying with nitric acid, the aqueous solution may be ap- 
proximately neutralized with hydrochloric acid, a few ml. of magnesia 
mixture added, and then excess of ammonium hydroxide solution. A white 
precipitate of magnesium ammonium phosphate Is formed. 

d. Dissolve a little of the nucleoprotein in very dilute KOH and then make 
slightly acid with acetic acid. Explain results. 

3. To Show the Presence of Protein, Carbohydrate , Phosphoric Acid, and 
Purine Radicals in Nucleoprotein. Upon complete acid hydrolysis of nucleo- 
protein, these substances will be liberated, as well as decomposition products 
of the protein part of the molecule. To show their presence, proceed as fol- 
lows: Transfer about a gram of nucleoprotein to a small flask and add 50 ml. 
of 5 per cent HjSO*. Boil for an hour or more to hydrolyze. Maintain the origi- 
nal volume by adding water. The solution becomes brown owing to the 
formation of melaninlike substances. Cool and filter the acid solution. Apply 
the following tests to portions of it: (a) the biuret test, (b) the xanthoproteic 
test, (c) the Molisch test, (d) Benedict’s test, and (e) the test for phosphate, 
(f) Transfer about 25 ml. of the hydrolyzate to a casserole and add ammonia 
with thorough mixing, a little at a time, until the fluid is nearly neutral. 
Then make slightly alkaline with dilute ammonia and filter if not clear. 
Transfer to a beaker and add about 10 ml. of 5 per cent ammomacal sliver 
nitrate solution. Purine bases wail yield a flocculent precipitate of their silver 
salts. If a precipitate does not appear immediately, examine the solution 
after it has been allowed to stand undisturbed for some time. 

4. Preparation of Rtbose Nucleic Acid from Yeast. Dilute 50 ml. of l per 
cent NaOH with 250 ml. of water in a casserole and add to this solution 100 g. 
of compressed yeast cut in small pieces or 30 g. of dry yeast. Heat on the water 
bath for half an hour with occasional stirring. Remove from the bath and 
filter at once through a folded filter. To the cooled filtrate add acetic acid 
until faintly acid to litmus. Filter again Evaporate the solution to 100 ml. 
or less, and filter if necessary. Allow to cool to 40°C. or below, then pour with 
vigorous stirring into 200 ml. of 95 per cent alcohol containing 2 ml. of con- 
centrated IIC1. Allow to settle in a tall vessel and decant. Wash twice with 95 
per cent alcohol and twice with ether. Transfer to a filter paper. Allow to 
drain and dry at room temperature. 

5. Tests on Nucleic Acid from Yeast. 3 

a. Test the solubility of nucleic acid in cold and hot water. In alcohol, and 
in dilute acid and alkali. To the solution in alkali add dilute HC1 drop by drop 
until the solution is acid; then add excess of concentrated HC1. 

Does nucleic acid coagulate on boiling? Does the solution in hot water 
gelatinize on cooling? 

b. Try the biuret test. 

c. Dissolve a little nucleic acid in water with the aid of heat. Test the re- 
action of different portions of the solution with litmus, alizarin, and Congo 
red solution. 


1 X. sati-fanorj preparation of nucleic ami mm be obtained from Schwarz Labora- 
tories. Inc., Mount Vernon New V ork 
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d Boll a small portion of the nucleic acid with about 10 ml of 10 per cent 

sulfunc acid for one to two minutes Ditide into three portions 

To one portion apply carboh>drate tests-e g , the a-naphthol (MoIIschJ 
reaction and Tauber s test What do these indicate? 

To a second portion apply a test for purine bases Add an excess of ammon a 
and then a little silver nitrate solution 

To the third portion apply the test for phosphate, adding ammonia in 
slight excess, then making acid with nitric acid, adding molybdate solution, 
and warming 

6 Preparation of Deoxyribose hucleic Acid Freshly excised thymus glands 
are minced and frozen The subsequent extractions are carried out as near 
0°C as possible Homogenize 100 g of frozen tissue In 200 ml of cold 0 15 M 
NaCl solution, which is also 0 01 W in sodium citrate, and centrifuge the 
mixture at 2000 r p m This operation is repeated three times on the residue 
and the supernatants are discarded 

The residue is dispersed in about 200 ml of water* in a high speed blendor 
With continued stirring sufficient 5 per cent sodium dodecyl sulfate is added 
to bring the concentration to 0 5 per cent, and sufficient NaCl to make the 
solution 1 M with respect to it The mixture is stored at 5 e C overnight and 
then filtered through a pad of Celite on a Buchner funnel When clear, the 
filtrate is poured, with stirring, into two volumes of ethanol The fibrous 
precipitate of sodium deoxyribose nucleate is collected and Is washed re 
peatedly with 70 to 9a per cent alcohol 


7 Test! on Deoxyribosenucletc Acul Repeat Exps 5 (a) through (d) 
as given under yeast nucleic acid, above (e) Make a 4 per cent solution of 
deoxyribosenucleic acid in hot water (0 4 g to 10 ml ) Allow to cool What 
happens? Divide Into two portions To one add a little NaOIi solution, to 
the other add acetic acid Then neutralize carefully In each case 

Both acetic acid and NaOH decrease the viscosity of the nucleate solution 
It may be changed back and forth from the gelatinous to the fluid condition 
by the alternate addition of acid and alkali 


S Tests on Purine and Pyrimidine Bases and Derivatives 
(a) Xanthine. 

(1) Silver Nitrate Reaction Dissolve a little xanthine in ammonia and 

add silver nitrate solution Examine a little of the precipitate micro- 
scopically (see Fig 61) F 

(2) Copper Sulfate Reaction Dissolve a little of the substance in dilute 
alkali, make faintly add with acetic acid Heat to boiling Add 1 ml 

cent CuSO„ and then a few drops at a time of sodium bisulfite 

th ' prec "’ to,e **“»»'»* "i «h. 

eTSomto/dUh '“f " ” mount .ub.tance In a small 

evaporating dish, add a few drops of concentrated nitric acid, and 
evaporate to dryness very carefully on a water bath The yellow residue 

Warm A yeUow 8olutlon reeulu which yields a red residue 

{ r ■££?£ “ d the ■*— 

“ uuueI J VtouChem. iso 16o(19aI) 
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upon evaporation. Compare with a similar reaction on other purine 
bases and uric acid. (See the murexide test, p. 796.) 

(b) H\rOXANTUlNE. 

(1) Repeat Exps. 1 and 3 under Xanthine. Examine the crystals of 
hypoxatithine silver nitrate under the microscope, (See Fig. 62.) 




Fig. 62. Hypoxanthine Silver XmutE. 

^ Drawn from a student preparation bj Dr E. F. 


(2) Dissolve a little of the substance in a very small amount of hot 6 
per cent nitric acid and allow to cool. Characteristic whetstone crystals 
of hypoxanthiue nitrate should be formed. Examine under the micro- 
scope. 

(c) Adenine. 

(1) Dissolve a little adenine in hot water and add a few drops of picric 
acid. Examine the pale j ellow clusters of needles under the microscope. 

(2) Repeat Exp. 3 under Xanthine. 
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(J) “m L Dlssol le a little ot the substance m 20 to 25 time. It. weight of 
boding 5 per cent alcohol Allow to cool and e.amlne the crystal, und 

little guanine In 20 to 25 times Its weight of boiling 5 per 
cent hydrochloric acid Allow to cool, and examine the crystals. 

(3) Perform Exp 3 under Xanthine 
(c) Uiuc Acid On a small amount of uric acid, try Test 3 as fi»ven 

Xanthine This test on uric add is called the murexide test For otner 
tests on uric acid see Chapter 28, Urine. 

(f) Ructions for Uracil Cytosine and Thymine Treat an aqueous solution 
of each pyrimidine with an excess of bromine. Remove the excess ny 
boiling the solution. Add barium hydroxide in excess. A purple color 
indicates cytosine or uracil and is due to the purple barium salt oi 
dialuric acid 

Reflux for a few minutes and distill. If thymine is present, CO„ urea, 
and acetol (CH,COCHjOII) are formed, and the acetol distills over. 
Make strongly alkaline with NaOII. Add several drops of o-amlno- 
benzaldehyde * Evaporate over a flame to half the volume. Cool. Ma e 
distinctly acid with llCl and then alkaline with NaIICO» Filter. A blue 
fluorescence of 3-oxyquinaldlne indicates acetol and the original pres- 
ence of thymine 

(g) Ultraviolet \bsoiution Spectra The availability of convenient and rela- 
tively inexpensive ultraviolet spectrometers has made it possible to 
make most of the quantitative and qualitative measurements of the 
individual purines and pyrimidines through their strong and charac- 
teristic ultraviolet absorption spectra See also p 283. 

9 Methods for the Separation of Purines and Pyrimidines. Procedures 
which involve fractional crystallization for the separation of purines and 
pyrimidines have been largely superseded by the techniques of ion-exchange 
separation or paper chromatography. 

(a) Crystallization of Derivatives of Guanine and Adenine from Nucleic Acid 
Place 5 g of yeast nucleic acid in a 200-ml Erlenmeyer flask, add 100 ml of 
boiling-hot 5 per cent sulfuric acid and heat carefully over a small flame to 
bring the nucleic acid Into solution During this heating, which lasts only a 
minute, the contents of the flask should be kept constantly in motion to 
avoid charring the undissolved nucleic acid. Close the flask with a cork bored 
with one hole into which Is inserted a condensing tube. Immerse in a boiling 
water bath and heat for about an hour. Disconnect the flask and while its 
contents are still hot add concentrated ammonia a drop at a time until the 
flulJ I. .lightly alkaline, and then ail d J ml o[ concentrated ammonia In ex- 
cess Guanine Is thus precipitated in granular form, while all of the other 
ptoduct. Including phoxphotlc acid and adenine remain In the ammomacal 
solution. 

After several hours, collect the precip.tated guanine and wash it with 1 per 
r‘r m °, na * n , e ln a Y maU an amount of 20 per cent sulfuric acid as 
u !kht pl f ° ; b ° n FUter ’ heat to boiling, and precipi- 

“f »' «»Ull.n. Add 

Urn d Uhyd. m,u T, 
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Combine the ammonlacal filtrates obtained in the isolation and purifica- 
tion of guanine. Filter if necessary. The ammonia is then boiled off and an 
excess of picric acid added. The yellow precipitate of adenine picrate is col- 
lected and dried. The adenine picrate can be recrystallized from 25 per 
cent acetic acid. Adenine can be recovered from the picrate by acidification 
with HC1 and long extraction with ether, or by the use of an ion -exchange 
resin which will take up the picric acid. 

(b) Separation of Purines by Ion-Exchange Chromatography. Place a loose pad 
of glass wool in the bottom of a 50 ml. burette. Add about 25 ml. of water and 
then sufficient suspension 6 of Dowex 50 (hydrogen ion form) to make a resin 
bed 2 cm. high. Wash the resin into place by filling the buret to the top with 
water and allowing it to drain. Use a long rod to push another loose pad of 
glass wool down to the top of the resin bed. The rate of flow should be about 7 
or 8 ml. per minute when the buret is full, and 2 or 3 ml. per minute for the 
last few ml. in the buret. The stopcock should always be closed just before the 
liquid level reaches the top of the resin bed. Arrange a scries of eight num- 
bered tubes for collection of fractions from the column. 

Charge the column by pouring in a solution of 0.5 mg. of hypoxan thine and 
0.5 mg, of adenine in 50 ml. of 0.1 N HC1 and allowing it to drain. Wash the 
column with a few ml. of water and combine the effluents as Fraction 1. 
Elute the purines from the column with five consecutive 25-ml. portions of 
2 N HC1. Then elute with two 25-ml. portions of 4 N HCI for Fractions 7 and 8. 

Test for purines in the eluates by reduction, diazotization of the products 
of reduction, and coupling with the Bratton- Marshall reagent, as follows. 
Place about 5 ml. of each fraction in clean test tubes. To equalize the acid 
concentrations add 2 ml of 6 N HCI to Fraction 1, and dilute Fractions 7 and 
8 with equal volumes of water. As control s use 0.025 mg. of hypoxanthine 
and 0.025 mg. of ademne, each In 2 N HCI, and a 2 N HCI blank. 1) To each 
tube add a pinch of Zn dust the size of a match head and place immediately 
in a boiling water bath for 5 to 7 minutes. 2) Cool the tubes by transferring to 
a beaker of tap water and filter each. 3) To each filtrate add 1 ml. of 0.3 per 
cent sodium nitrite solution. 4) After 10 minutes add 1.5 ml. of 0.5 per cent 
ammonium sulfamate solution. 5) Add to each 1 ml. of 0 2 per cent N-(l- 
naphthyV)cthylenediamine solution.* The bulk of the hypoxanthine (which 
leads to a pink-purple color) should be in Fractions 2 and 3. A little adenine 
(which yields an orange-pink) will appear in Fraction 6, but most of it in 
Fraction 7. The pattern of elution from the column depends to a considerable 
extent upon the length and compactness of the resin bed. 

With larger columns operated more slowly, It is possible to effect more 
complete separation of complex mixtures of purine ami pyrimidine deriv- 
atives and of isomeric nucleotides, than by the foregoing method. For a dis- 
cussion of ion-exchange resins and column chromatography, see Chapter l. 

(c) Paper Chromatographic Separations of Purine and Pyrimidine Derivatives 
Preparation of the paper: On a sheet of filter paper 17 by 26 cm. (Schleicher 
and Schull No. 597) draw a light pencil line 2 cm. from one of the long edges. 
Place single drops of the compounds to be studied at intervals of 2 or 3 cm. 


6 Dowcx SO (H+) 200-4.00 mesh is prepared by suspension m 5 volumes of water and 
removal, by decantation, ol any very fine material winch settles slowly The resin is then 
washed by heating 1 hour m 2 N NaOII on a steam bath, then with 4 or S changes of 4N 
HCI (or in a column until free of material absorbing in the ultraviolet) It is then washed by 
repeated changes of water until the effluent is nearly neutral. Store under 2 volumes of dis- 
tilled water When well shaken, 6 ml of the suspension will furnish 2 ml of resin 

* This solution is stored in a dark bottle, and all solutions for the Drattoa-Marshall test 
should bo prepared fresh each week. 
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alone this line and allow them to dry thoroughly (or dry under an Infrared 
lamp). If more than one drop proves to be needed, the first must be tho 
oughly drj before the second is added. Each spot should contain about 
Roll the paper and staple it to form a cylinder 17 cm high (do not overlap 
edges of the paper but allow the staples to serve as links between the edges). 

Stand the cylinder of paper m a 10 cm. petri dish filled to a depth of about 
5 mm. with the appropriate solvent Cover with a bell or battery jar. » efl 
the solvent has migrated nearly to the top edge of the paper, flatten the paper 
and dry, in a well-ventilated o\en if possible. 

Inspect the papers under a low-intensity ultraviolet lamp* and outline 
In pencil those dark areas where the compounds absorb or quench the fluo- 
rescence of the paper The distance the compound moves, expressed as a frac- 
tion of the distance between the starting point and the solvent front, is 
known as the Rr value of the compound. For a discussion of paper chroma- 
tography, see Chapter 1. 

1) Spot adenine, guanine, hypoxanthine, and mixtures of adenine and 
guanine and of adenine and hypoxanthine. Develop with n-butanol saturated 
with water, with a small container containing a few ml. of cone. NH«OH also 
placed under the jar. Allow about 3 to 4 hours for development. 

2) Spot the same compounds and develop 3 hours In 70 per cent ethanol. 
This solvent is rapid, but the spots are less discrete. Adenine and hypoxan- 
thine can be differentiated from guanine, but not from each other. 

3) Spot guanine, adenine, cytosine, uracil, thymine, and mixtures of 
guanine and uracil and of adenine and thymine Develop in isopropanol-2 N 
HC1,* for about 16 hours This solvent moves slowly but does permit differ- 
entiation of all these five bases. 
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The first food naturally taken by the newborn baby or the young of 
any mammalian species is colostrum This is the secretion of the mammary 
glands during the earliest phases of lactation Although it may appear 
before parturition, it is characteristic of the second or third day -post 
parlum of the human mother, and is secreted m a total amount of about 
100 ml This early secretion is more viscous, richer m protein and salts, 
and poorer m sugar and fat than milk The color of human colostrum is 
lemon yellow while that of cattle is reddish yellow Bovine colostrum, 
examined just after calving, usually contains vitamin in concentra- 
tions significantly higher than the 7 yg per liter average found in mature 
milk 1 Colostrum, unlike mature milk, is heat-coagulable, since it con- 
tains high concentrations of globulins sometimes exceeding 10 per cent 
in cattle Among these globulins have been identified many immune 
globulins 

It has been recognized for more than half a century that new born mam- 
mals acquire immunity to certain infections by ingestion of colostrum 
This mechanism appears to be moie important in calves than in babies 
Immune globulins are absent from the blood of new born calves, but ap- 
pff-ar h&uxs Alter ntesirus! & fed TAw te tsarfr 

amounts of mtact protein appears m the new born of several species, but 
is limited to their first 24 to 48 hours There is evidence 2 that the absorp- 
tion of immune globulins is effected by the intestinal lymphatics rather 
than by the portal system The presence of trypsin inhibitor m colostrum 3 
maj aid tins temporary process of passive alimentary immunization by 
delay mg the digestive hydrolj sis of protein 

In cattle, prccoloslrum may be expressed from the udder at about half- 
term The globulin content is high, but the normal constituents of milk 
are deficient The presence of precolostrum before lactation starts and 
its dilution with nulk as lactation begins explain the composition of co- 
lostrum and the short duration of its production at the start of lactation 
An antibody (agglutinin for Brucella abortus) has been fractionated from 
the globulins of precolostrum 4 

Mature Milk. In human lactation, the secretion of colostrum does not 
continue beyond the fifth day after childbirth There is a transit! oual 


* lnthonj Couch RupcI Henderson and Brown J .Dairy .Set. 34, 740 (19^1) 
1 Cotnhne Roberts and Titchen \ alure lb7 501 (19ol) 

* Laskowski and Laskow=ki J Biol Chtm. 190 503 (1951) 

* McDougall Buxhem. J , * ** 531 (1919) 
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period of about five more days during which ‘he components 
cliaocc their proportions to those of mature milk The fat content oi 
human milk increases during the transitional period “d continues to 
nsc for the first two weeks, with no consistent variation after the 
week Increase in lactose content continues for several weeks alter tne 
establishment of mature milk flow 


Composition or Mature Milk 
Representative \alucs m g per 100 ml whole milk 


Constituent 

Human 

Cow 

Goal 

Total solids 

12 4 I 

12 8 

13 G 

Protein 

1 2 

3 3 1 

3 4 

Inclose 

7 0 

4 8 

4 7 

Fat 

l 8 

3 8 

4 J 

Ash 

HI 

ira 

■Eg 


• Summonsed from Macy Kclle> and bio an The CompotUion of MUk» (.Dull Val R*~ 
north Council #11*) Viaalungton DC 19 o3 


In the dairy cow the change from colostrum to mature milk is a con- 
tinuous prouss taking from 5 to 12 days The composition of mature 
milk is subject to considerable variation, depending upon the breed and 
tlu, state of nutrition of the dair> animal, the duration of lactation, and 
the climate lhcrcforc, the accompanying table and similar tabulations 
purporting to represent the composition of milk must be recognized as 
simplified collections of averages, deviations from which are to bo ex- 
pected in the analysis of an> particular sample of milk The extent of 
some of these deviations will be indicated in following sections Tor much 
more detailed tables, including many constituents not considered here, 
consult the monograph of Macy, Kelley and Sloan, from which the fig 
urea of the table aliove were summarized The customary pooling of mar- 
ket milk tends to minimize variations in composition In the process of 
pooling the fat content is usually standardized Since milk is an impor- 
tant article of commerce and since its nutritive value is of importance 
to the public health standards of composition have been enacted into 
law lagal definitions of milk varj in different jurisdictions, but many 

are ruiiMfttf nt with lire fnllrtu in ,, 
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the milks of other species may not be sold simply as “milk ” Further- 
more, m many jurisdictions, milk of other species is not subject to the 
requirements of quality and cleanliness imposed by law 
Milk Sugar. The only carbohydrate present in nutritionally significant 
amount in milk is lactose, a disaccharide consisting of one glucose unit 
and one galactose unit with the glycoside link between the carbon 4 of 
glucose and the carbon 1 of galactose This glycoside link possesses the 
beta configuration, so that the full chemical name of lactose is D-gluco- 
pyranose-4-O-n-galactopyranoside) Lactose is a reducing sugar and ex- 
hibits mutarotation, since carbon 1 of the glucose portion is free Like 
other reducing disacchandes, lactose reduces acid CU++ solutions more 
slowly than do monosaccharides, and hence can be distinguished from 
them by the use of Barfoed’s reagent Lactose forms a specific phenyl- 
osazoue, yields a positive mucic acid test, and is not fermented by the 
ordinary commercial strains of yeast 

Lactose is formed by the mammary gland from glucose or glycogen 5 
The lactose content of milk is not notably altered by changes in the 
maternal diet or level of blood sugar Lactose can frequently be de- 
tected iu specimens of human urine collected post partum or during 
lactation 

Lactose is converted to lactic acid m the ordinary souring of milk 
which is brought about by enzymes of Streptococcus lactis and numerous 
other microorganisms The first step in this conversion is the hydrolysis 
of lactose by lactase in the surface of the bacterial celt * The glucose is 
converted to glucose-6-phosphate by the usual steps Galactose is phos- 
phor ylated by ATP to a-galactose-l-phosphate m the presence of galacto- 
kinase In the presence of undine diphosphoglucose a galactose-l-phos- 
phate is converted to a glucose-l-phosphate, which is converted to 
glucose-6-phosphate by steps which together with subsequent glycolytic 
steps, are identical m lactic acid bacteria with those in muscle (see 
Chapter 10) 7 

The percentage of lactose varies significantly in the milks of different 
species Human milk has a higher lactose content than that of dairy ani- 
mals The mean value in statistically adequate studies is close to 7 g per 
100 ml human milk, with standard deviations less than 0 5 g The mean 
for cattle and goats is slightly less than 5 g lactose per 100 nil milk, with 
somewhat larger variations When babies are reared on dairy milk, it is 
customary to add carbohydrate in the form of lactose, sucrose, glucose, 
or partially hydrolyzed starch (maltose and dextrms) 

Lactose is present m no other foodstuff than milk, except of course 
foodstuffs to which milk or lactose from milk may have been added Com- 
pared with the other commou sugars, lactose is less soluble and less sweet 
The lack of sw eetness is considered to be advantageous in the feeding of 
infants and invalids, since there is less tendency to cloy the appetite 
Nutritional-balance studies 8 with a small group of children have indicated 


* Ilcithel Horowitz Da\ idson and Hittinger J Biol Che in I'M S39 (1952) 

• ReitKcl K^oOnal communication 
7 C-on C Personal communication 

♦Mills Breiter Kcmpater McKej Pickens and Outhouse J Vtlrtlton 2o 467(1940) 
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that calcium retention is greater on a diet containing 30 g of lactose per 

sue easily observed mth the lorr-poner microscope The m “ 

"lobules in a given specimen of milk is somewhat vanab , 

globules being about seven times the diameter of the smallest So 

tons in average sue of fat globules occur tn the different breeds .0 dairy 

tattle It is apparent from the large sue of the globules of fat m ndb “ t 

such a suspension of fat in an aqueous system would not be indefinite y 

“'three proportion of the fat of cow's milk rises spontaneously to the 
top of the container upon standing, and may bo skimmed off as ere 
The separation of cream is sharper and more rapid if the milk is 
diluted The centrifugal separator effects a prompt separation ol cream 
without dilution A sharp cream line is seldom observed when human or 
goat’s milk is allowed to stand, but the cream can be separated by dilu 
tion and standing or by centrifugation This difference in cream-rising) 
in part tlic result of larger fat globules in cow ’s milk, can be altered ny 
homogenization, which is the mechanical reduction of the size of la 
globules n v 

The mean values for fat in human, cow’s, and goat’s milk (see p MW 
arc not far apart In contrast to this consistency of average values in the 
three species, individuals vary widely in the fat content of milk, and 
among cattle and goats there arc distinct differences according to breed 
rhe milk of Holstein cattle tends to run below the mean value of 3 8 per 
tent, whereas good specimens of Jersey cows almost consistently gi' e 
milk exceeding j per cent in fat content The records for fat production, 
however, arc, and long have been, held by Holsteins, since they make up 
for lower fat percentage by higher volume production of milk Low fat 
values around l per cent and high values around 9 per cent have been 
oci asionall) recorded on authentic specimens of human, cow’s, and goat s 
milk even when proper precautions have been taken to avoid sampling 
errors 

The fat content of cream vanes according to the method of separation 
and is usually less than 35 per cent Butter is a still more concentrated 
form of milk fat, containing more than 80 per cent The Babcock test for 
fat m milk was introduced in 1890 as a practical method for routine use in 
dames and creamenes High analytical accuracy was not claimed 1° 
practice, the Babcock test has been found to give results only slightly 
(0a» to 0 07 per lent) higher than the standard Iioesc-Gottlicb ether- 
\ xtnution method, or its mechanized equivalent the Mojonmer method 
Um modification of the Babcock test dcacnljed in the experimental sec 
Uon of this chapter u not official and would not be acceptable in cstab- 
i ' at fiords or m court actions In such situations the analj&t 

die uld familiarize hum-elf with the regulations governing butterfat anal- 
yses m lit* particular state or territory 

J 1 " •ndjumbw "hull compowr milk fat contain a complex mixture 
Tl c t T, " ' ", 1 ; a, ‘ J and, quantitatively predominant 

Tlic (at ol human milk i, thara. h rucl hy n amnenhat Injur proportion 
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of oleic acid, and a relative deficiency of short-chaui fatty acids (butyric, 
caproic, capryhc, and capnc) as compared to goat’s or cow 's milk Com- 
paring the latter two species, cow’s-milk fat has much more stearic acid, 
somewhat more bufcync acid, and notably less caproic, capryhc, and 
capric acids than goat's milk These diffci cnees m fatty acid distribution 
are probably of little nutritional significance, but become apparent when 
one compares the butync odor of rancid cow butter with its goat counter- 
part Of greater significance are certain fatty acids with more than one 
double bond Rats develop dermatitis when fed an otherwise adequate 
diet deficient in such multiply unsaturated fatty acids Hansen and Burr 5 
list hnoleic acid, linoleum acid, and aracludonic acid as normal dietary 
components which in very small amounts will relieve this deficiency The 
milks of all three species discussed contain arachidoiuc acid, and the con- 
centration m goat’s and cow’s milk is somewhat higher than in humau 
milk The presence of Imoleic acid m milk has been verified 10 

Cholesterol is present m small amounts in milk The mean value for 
cow’s milk is 11 mg per 100 ml 11 Both fatty acids and cholesterol are 
synthesized in the lactatmg mammary gland, as demonstrated by the 
rapid incorporation into these milk lipides of injected carbo\y-C 14 acetate, 
both m the mtact lactatmg goat 12 and in the perfused isolated udder of 
the cow 13 

Milk Proteins. Human milk is notably low m protein content, with a 
nean concentration of 1 2 g per 100 ml and rare \ ariations below 1 or 
lbove 2 g The mean values for cow’s and goat's milk are 3 3 and 3 4 g 
per 100 ml , most analyses falling within the limits of 2 and 5 g In the 
preparation of formulas for feeding young infants dilution of dairy milk 
is a customary but not universal practice Although such dilution, to- 
gether with the addition of carbohydrate, yields a mixture more closely 
resembling human milk, the emphasis in present day infant feeding is 
upon meeting the nutritional needs of the infant rather than upon close 
imitation of the composition of human milk 

The chief and characteristic protein of milk is casein , a complex of 
pho&phoproteins which makes up a third of the protein of human milk, 
three-fourths of the protein of goat’s milk, and a little over five-sixths of 
the protein of cow’s milk Casern is definitely not a single molecular 
species, since three electrophoretic peaks have been distinguished (see p 
7) Fresh milk, at its pH of 6 6 ± 0 2, has as its chief colloidal com- 
ponent a complex of calcium caseinate and phosphate u If the milk is 
brought by natural souring or by cautious acidification to pH 4 55, the 
isoelectric point of casein, this complex is broken up and casern is precipi- 
tated The product of such a precipitation may be designated isoclccfric 
casein Casern can also be precipitated by the action of certain proteolytic 
enzymes, the best known of which is rcumn ( [rennet to cheese makers) 

» Hanson and Burr J 4m. Med Usoc 152, S5o (1940) 

” "bite and Brown J 4wi 0*1 Chemists Soe 26 3S5 (1949) 
u Natal Mitkelsen lve> s and Petersen J \*Urit\on 56 49 o (1948) 

11 Popjak trench and I oltej Biochtm J-, 48 411 (19ol) 

11 Cowie Buncombe i olloi Glascock M assart Peetcrs and Popjah Biochem. J 
49 CIO (1951) 

Lovtton and Halier J Phut & CoUoul Chon 51 460(1947) 
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obtained from the fourth stomach frtamn) of nursmg 
does not occur m the human bung but other enzymes m part-cul^ 
sm and thymotrypun, carry on the same function Ciystall d^era ^ 
has been «honn to be a proteoljtic enzy me uhich, in causing 
curdle, hydrolyzes one peptide bond per 10,000 in casern en .vmes P l> 
tate resulting from the coagulation of milk by , J tu j to 

therefore not identical with isoelectric casein, but has been 6U J 
a mild degree of proteolysis This product is called ■paracasein, and at P 
values above the isoelectric pomt, is precipitated as calcium paracamnai 
Further proteolysis of casein yields the usual intermediate products 
protein hydrolysis, except that phasphopeplanes containing p h ospta°=cn 
have been isolated from tryptic digests of casein The caseins o mi 
different species are not identical in composition _ , 

Except for some cottage cheese (Dutch cheese or schmicrkase), w 
is usually crude isoelectric casern, the varieties of cheese on the Anaenc 
market are made from the calcium paracascmatc obtained by ren 
coagulation of milk Cheddar is obtained by rennin coagulation of nulK, 
preferably pasteurized while fresh and then slightly soured by a fata e 
of lactic acid bacteria Later processes include cutting the curd, heattnj 
to about 40° C , straining, and chuldanryj, which consists of matting t 1 
cheese together by piling, cutting, and rcpiling During the final curm; 
process, Lactobacillus case i overgrows other organisms and produces tn 
characteristic flavor Sim* efieese is started in a similar manner, but is 
cultured with Propionibaclerium shermami to produce the “eyes” and the 
sweetness There is no chcddanng process, but the curd is cut and cooked 
firm Curing takes three to six months, during which time bactenologi 
cal errors may occasionally produce such anomalies as “blind” cheeses, 
“stinkers,” and “blowers” Although m France Roquefort is often made 
from ewe’s milk, American blue cheeses are made from cow's milk, and 
are started like cheddar fhe cut curd is drained, placed in small per- 
forated forms, and sprinkled with Penicilhum roqueforti Further ripen 
mg and proper mold-mottling requires carefully controlled curing for six 
to nine months The ripening of Limburger depends upon Bacterium linens 
and other naturally occurring bacteria of the milk acting upon a rennin 
curd produced from fresh milk without a starter, and takes about two 
months Yeasts growing on the cheese surface provide essential nutrients 
for II linens 14 Camemberl is the product of natural bacteria working 
inside the cheese while the mold Penicilhum camemberli grows on the 
outside 

Casern originates in the lactalmg mammary gland Certain of its com 
ponent ammo acids have been «-hown by isotopic identification to be 
taken up from the free amino acids of the blood, 17 and not from plasma 
proteins The phosphorus of casein has similarly been shown to be denv ed 
from the inorganic phosphate of the blood In the goat, about two hours 
are minimi [or the transport ol these substances from circulating blood 
to the casein of the milk 

“ “ J ' ««*» tAtm. aria li, U 21 (1951, 

11 j *Zlc££ 14 r ^ (U3l) 
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Proteins other than cascmconshtute more jW J^ry m dk 
human milh, “ Sdvtenmtuoned m connexion with i colos- 


trum After tne remove - --- contam 0 G to 0 / per cenv hi--". 

tion, the remaining whey is farod * as shonll b y its being precipitated 
of which roughly one-fourth is B mm su if a te at pH 7, one-half 

when the whey is saturated ' a | but is heat coagulable, and the re- 

albumm, winch .snot so ^Xh s notlicat-coagulable Fiomthe altar 
mainuig fourth is proteose, which is adactoglobulin which is probably 
mm” fraction has been crystallized a djac The ammo 

identical with other preparat 10 ^ te different from that of any 

acid composition^ of colostrum are similar in 

composition to their plasma ““"‘"f^ded numerous enzymes The pat- 
Among the proteins of mdha q{ dlfferen t species Aldolase 

tern of enzymes is quite different are presen t m cow s milk but 

and xanthine oaidase (Schardn.g M dase are present in raw milks 

not m human milk Catalase a 1 romp fly liquefies starch paste 

Human milk, particularly rich >n a”nylase, p ^ a rfow bbe ration of free 

The lipase of human or bo Y, me ”„,,k collected in mid lactation contains 
fatty acids from mllk fat Cow s alkaline phosphatase (phos 

from 80 to 120 IOng Arms rone : "““ d “,th a range of 0 7 to 16 2 units 
phomonoesterase) per 100 ml , P ,j von 3n d Maw son) The phos- 
m human milk and a mean of m3 de the basis of tests for ade- 

phatase content of cow s milk ie adily destroyed by heating 

quate pasteurization, since the enzyme 


t « Whole Miik Proteins 
roUiafN-fO),. 


Human 

proteins 


Cow s Milk 
Proteins 


Arginine 
Histidine 
Isolcucine 
Leucine 
Lj sine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 


4 3 
2 8 
7 2 
9 8 
7 2 
2 2 
5 6 
4 G 
1 9 
8 8 


4 0 
2 8 

7 1 
10 4 

8 3 

3 0 

5 2 

4 5 
1 4 
G ' 


Tryptopnan „ „ u i , 

2=r szrz i£ss 

N « la 7 (i e protein «= N X 13 
nulls proteins see table on p 


ulk proteins see table on p *** 

, „ , „ defined as the ratio (eapressed 
The biological value of a proton * jn(d to flint absorbed (see p 1047) 
as percentage) of the food mtr 6 pcnmc nts on growmg rats k high 

it is usually determined by feedmg P , , bty ot so-called essential 
a aluo indicates adequacy in content anu nr m 



226 


Practical Puioiolocical Cueiustrt 


Chap 8 


ammo acid. The biological caluca of human and coa sim k arcade 
u ithui limits of experimental error the numerical tange 1« mg 8o-M IW 
high biological taluc is confirmed b> direct analyse. of ml h p otelM 10 
eintial amino acids The eiuentw 1 nm.no and index of con 
based on the relation hip betn ccn its c^ential ammo acid content and tna 
of nhole-egg protein (as_umed to equal 100) i» 00, the corresponding 

dex for human milk protein ,s 03 The^i index c alues arc closely correlaten 

inth the biological \ alue, ■> The table on p 22odemonstratcstheadequac> 
of whole milk m tho^e ammo acids generally regarded as mdispensab 
the human diet This question is more full} discussed in Chapter AA 
Inorganic Milk Components. The crude figures for ash in the tame 
on p 220 indicate that the concentration of total minerals is more than 
three timca as great in the milk of dairy animals as in human milk i e 
important bone-mineral elements, calcium and pho-phorus, are both pres- 
ent in milk in nutritionally significant amounts and in a ratio suitable tor 
effective absorption and utilization . 

Calcium is present in human milk in concentrations which v ary through 
a range of 10 mg per 100 ml on either «idc of a mean of 30 mg Cow s or 
goat’s milk averages close to 130 mg per 100 ml The calcium of milk u 
present in part as calcium ion, and m part bound as a colloidal complex 
with protein and phosphate 

Phosphorus has a mean \alue of 13 mg per 100 ml in human milk, 
with a standard donation of 1 9 mg (Kon and Maw son), but is found m 
amounts averaging 100 mg per 100 ml of dairy milk 70 to 80 per cent 
of the total pho phorus bung in the form of inorganic phosphate The 
remainder includes phosphoprotem, phospholipide, and ester phosphorus 
V variable portion of the inorganic phosphate is separable by ultrafiltrar 
tion as a part of the colloidal calcium caseinate-phosphate complex 
During that period of early life when milk is the only food taken, potas- 
sium is equal in importance to the bone minerals At all ages, the bodv 
contains more potassium than sodium, but the difference is greater with 
growth Human milk contains approximately 11 milhequivalents of po- 
tassium and a milhequivalents of sodium per liter this ratio seems to be 
optimal for the growth of the infant Dairy milk contains these ions m 
comparable ratio, but in concentrations about three times higher Chlo- 
rule ion is present in highly variable amounts Magnesium av erages 4 mg 
per 100 ml of human milk, and three to four times this concentration W 
dairy milk The sulfur of milk is almost entirely in the form of the sulfur 
containing ammo acids of milk proteins and averages 30 mg per 100 ml 
of cow’s milk, and about half this value m human or goat’s milk 

In addition to tho-e mentioned above, a number of other elements are 
present m small and variable amounts Milk is notoriously deficient id 
iron Analytical figures from different laboratories are widely divergent, 
but for cows milk a concentration of 0.32 rag. per kg is representative 11 
Tnmln ? f° nUnt of m,lka of other species 13 comparable The full term 
luman m lant bom of an adequate!, nounshtd mother has a store of iron 


»»?T J A ^ DvUl A “ or ST 3 j6 (1 jji) 


1 Strom J BuZ. Chsi*- 
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for about six months of growth on a milk diet without developing an 
iron-deficiency anemia After six months, supplementary iron-contaming 
foods should be introduced into the diet Copper occurs m raw cow’s milk 
in about the same concentration as iron Higher concentrations may re- 
sult from contact with copper or brass during pasteurization or other 
processing Copper in excess of 0 5 mg per kg produces a tallowy flavor 
and loss of ascorbic acid m milk Average values for other trace elements 
m cow’s milk are given by Archibald 20 as follows 


Manganese 

Zinc 

Cobalt 

Molybdenum 

Nickel 


22 jig per liter 
3900 “ * “ 

0 6 “ “ “ 

73 “ “ “ 

none 


The presence of iodide has been demonstrated m the milk of women 
and of animals Electrophoretic evidence has indicated that milk contains 
an lodmated protein 20a 

Vitamins in Milk. Milk and milk products are outstanding sources of 
certain vitamins, and less reliable for the supply of others 

Thiamine is present m human milk m amounts which roughly reflect 
the vitamin Bi intake of the mother At moderate levels of intake, about 
10 per cent of ingested thiamine is secreted into the milk (Koa and 
Maw son) The concentration of total thiamine (in the milk of mothers 
whose intake is between 15 and 2 mg) usually lies between 14 and 
ID pg per 100 ml In early lactation, from 50 to 90 per cent of the thi- 
amine of human milk is in a combined form w hich is not reactive m the 
thiochrome test, but becomes reactive after enzymic hydrolysis with 
takadiaslasc, which contains numerous enzymes including phosphatases 
and proteases In general, high content of combined thiamine is asso- 
ciated with low values of milk phosphatase Both free and combined 
thiamine are measurable by bioassay The proportion of free thiamine 
mcreases w ith the duration of human lactation 

The milk of goats and cattle contains somewhat more than twice the 
concentration of thiamine m human milk About half is m the form of 
free thiamine m cow’s milk, and about one sixth in goat’s milk Thiamine 
pyrophosphate added to cow’s milk is promptly hydrolyzed in the pres- 
ence of the enzymes pyrophosphatase and phosphatase A portion of the 
combined thiamine in cow’s milk is bound to protein and liberated by 
hydrolysis with pepsin In the cow, total thiamine of the milk is higher m 
early lactation than w the later months As in human milk, the thiamine 
of cow's milk vanes with the amount supplied in the diet, but the cow 
has the additional possibility of supplementation by thiamine formed by 
microbiological synthesis in the rumen One quart of milk contains about 
one-fourth the daily human adult requirement of thiamine 

Riboflavin xs the one vitamin for which dairy milk and milk products 
arc the richest e\ eryday source, exceeded m riboflavin concentration onl> 
by liver and yeast The source of this abundance of riboflavin is bacterial 


Archibald J Dairy Set . 34. 10JD (1951) 

•o* Middlesworth Tuttle, and Threlteld Sc* tee 118, 749 (1953) 
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action in the rumen In cattle, a day's output of riboflavin m l»»W® 
been found to bo up to ten times the dietary intake Moat samples « 
dairy milk contain betuccn 100 and 200 ug of riboflavin per 100 ml 
Cheese and other milk products, including evaporated milk, arc excellent 
sources of riboflavin If milk and milk products are excluded from tl e 
usual American diet the riboflavin requirement la not met I he nbotlat 
of m ,lk and milk products is as completely available to the human or- 
ganism as is riboflavin taken in simple water solution This is not true o 
the riboflavin in some other common foodstuffs ,l , 

The riboflavin content of human milk is much lower than that of cow s 
milk, usually between 20 and 30 pg per 100 ml if no supplementary 
riboflavin is ingested Since the contribution of nboflav in to the human 
organism from bacterial synthesis in the large intestine is minimal, the 
riboflavin content of human milk is determined by the riboflavin of the 
diet . 

Nicotinic acid is present in cow’s milk in a concentration usually slightly 
less than 100 pg per 100 ml Somewhat higher concentrations are reported 
for goat and human milk It is obvious that the recommended daily adult 
intake of 10 to 15 mg could not be met with milk alone, and one might 
wonder how the nursing young avoid deficiency A part of the answer is 
that many animals, including man, can meet part of the nicotinic acid 
requirement by synthesizing it from tryptophan Pellagra-producing diets 
have been characterized by low content of tryptophan as well as of nico- 
tinic acid Milk, although low in nicotinic acid, is high in tryptophan 
(40 to 50 mg per 100 ml in cow’s milk) 

Cattle appear to be able to meet their entire requirement for ■panto- 
thenic acid by bacterial synthesis m the rumen Dairy milk contains 300 
to 400 pg of pantothenic acid per 100 ml , human milk about half this 
amount The pyrtdoxal group of vitamins (vitamin B») is present in milk 
in variable amount, most reports giving mean values between 50 and 
70 pg per 100 ml for cow’s milk Biotin is present in milk in quite variable 
concentrations up to 10 pg per 100 ml lhe mean folic acid and vitamin 
B 12 contents 11 for human milk have been reported as 0 71 and 0 41 p& 
per liter, for cow’s milk, 1 3 and 6 G *ig per liter and for goat’s milk 2 7 
and 0 12 /jg per liter All the B vitamins mentioned in this paragraph are 
those of which an uncomplicated dietary deficiency has not been observed 
in man, and which in large part may be supplied to man by bacterial 
synthesis in the intestine hence the values given arc of more academic 
than nutritional significance 

Tho ascorbic and content of cow’s and goat’s milk, when fresh is about 
2 mg per 100 ml , ivhich decreases to less than 1 mg by tho time the milk 
w mado available through usual retail outlets « Tor infants and for 
adults living on milk diets supplementation with ascorbic aeid is ncccs- 

m!7r, LTf ^ H “T" n " lk somewhat upon the 

“I, ! , ' * ? th E, r usually runs higher in ascorbic acid than tho 
milk of d airy animals On intakes of vitamin O ranging from 43 to 100 mg 

»I verwn learson wd Matleson J Virfnfwn « 45 ( 1952 ) 

"Co hna Harper Scl re.ber and Uveljem J WulrPxon 4 f 311 no 
Holmes J im Duttiic Attoc 27, 678 (1951) 
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daily, 16 mothers were found to put out from 19 to 46 mg of ascorbic 
acid m the milk per day, at concentrations ranging from 1 9 to 5 8 mg 
per 100 ml (Ivon and Mawson) 

Vitamin A, being fat-soluble m contrast to the vitamins previously 
mentioned, is found in association with milk fat Human milk may con- 
tain from 50 to somewhat over 200 units of -vitamin A per 100 ml , the 
concentration of the vitamin being correlated with the fat content of the 
milk The carotenoids which are responsible for the yellow pigmentation 
of milk fat are to a varying degree proatamins 4 Human milk contains 
from 7 to 25 pg of carotenoids per 100 ml The milk of cattle contains 
vitamin A and provitamins A m concentrations which, though compar- 
able to those m human milk, are highly variable, depending upon the 
composition of the feed 

Vitamin Z), under optimal conditions, may be present in human milk, 
dairy milk, or milk fat m amounts adequate to prevent rickets in infants 
and children Since this is often not the case, supplementation with vita- 
min D is standard practice m those parts of the w orld w here exposure of 
infants, mothers, or dairy animals to sunlight is inadequate Milk is often 
enriched with vitamin D to provide 400 units per quart 

Vitamins K and vitamins E are present m measurable amounts m hu- 
man and dairy milk The concentrations of these substances in milk are 
not significant in human nutrition 

MILK AND HUMAN NUTRITION 
The suitability of milk and milk products for human food is a logical 
consequence of their chemical composition The history and experience 
of mankind give further evidence of the value of dairy animals to Our 
well-being The cow produces a protein food of high biological value and 
produces it with an extraordinary economy which results from her ability 
to utilize a high proportion of rough feed in her diet As an extreme case, 
she can survive and produce nulk on forage alone, although this is not 
the way to maintain a high milk production Protein foods are, of course, 
necessary for man at all ages, but their lack is most disastrous dunng 
early childhood shortly after weamug Kwashiorkor, or malignant mal- 
nutrition, occurs in children in those areas where the proteins of high 
biological value supplied by such foods as milk, meat, and egg ire lack- 
ing, and where starchy foods are the dietary staples 24 This disease is 
characterized by extreme fatty degeneration of the liver, with permanent 
scarring (cirrhosis) in those who survive Although kwashiorkor is a dis- 
ease of multiple dietary deficiencies, usually with adequate caloric intake 
it responds poorly to vitamin therapy, and is best treated or prevented 
by protein foods 

Milk has a justified reputation as a “protective” food, meaning that 
it protects the individual from several possible dietary deficiencies, in 
eluding those of protein, calcium, and nbofiav m Like many other good 
things, milk can be used unwisely Older children require more protein 
than is supplied by a quart of milk, and it is wise not to depend upon milk 


MeiUeiohn and Passmore Jinn Ret Med., 2, 129 (1951) 
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alone as a protein source, but to supplement it iwth more co..ce..trat«l 
protein foods It should also bo recalled that milk .s not a dependabk 
source of iron, thiamine, ascorbic acid, or vitamin D (except vitamin “ 
milk) in the diet of growing children Iron deficiency anemia is quite 
acteristic of infants nho have been kept too long on unsupplemented 
breast or bottle feeding 

The use of human mtli has obvious advantages m the feeding oj human 
infants, including optimal adaptation to nutritional needs and almost 
complete freedom from bacterial contamination In lactation, t c irs 
week is critical for the mother, who should a\ oid o\ creating or other pos- 
sible causes of digestive disturbances Later, the diet should be amp e 
and nutritious, but there need be no excessive gam in the mother s vv eight 
The addition of one quart of dairy milk to her usual diet is a common and 
usually satisfactory recommendation The average daily production o 
milk by the human mother ranges from around 300 ml in the first week 
to 900 ml in the twentieth week The variation from these mean figures 
is extreme, and outputs of more than a gallon a day hav e been reported 
Cow's mill l is the basis of most prepared foods for infants The reduc- 
tion in the mortality of bottle-fed babies has been one of the untrumpeted 
triumphs of preventive medicine As recently as 1922, the mortality of 
bottle fed babies was four times that of breast-fed babies At present 
there is no significant difference Pasteurization (heating to 143° F for 
30 minutes) destroys pathogenic bacteria without coagulating the whej 
proteins This is an adequate method, when combined with proper han- 
dling after pasteurization, of rendering the milk suitable as a food for 
adults It eliminates the possibility of transmission of brucellosis or bo- 
vane tuberculosis to human beings It is not an adequate treatment of 
milk for young babies, for whom all milk, whether raw or pasteurized, is 
customarily boiled This reduces the toughness of the casern curd (see 
p 360) and kills all bacteria There is no nutritional disadv antage to the 
boiling of milk other than the complete destruction of ascorbic acid, which 
is customarily giunma supplementary food 

Goat's mill is used as a food to a limited extent in the Umted States 
A considerable amount is produced in small dames chiefly for home use 
When goat's milk is av ailable on the market the price is usually higher 
than that of cow’s milk The nutritive value of goat’s milk is so close to 
that of cow’s milk that it is impossible to make a choice on this basis 
alone Goat s milk has often been used successfully m the feeding of in- 
fants or children w ho show allerg} to cow's milk Man> other therapeutic 
claims have been made for goat’s milk, but acceptable evidence for them 
is lacking The claim of easier digestibiht} compared to cow’s nulk has 
baas in fact since the fat particles of goat’s milk are smaller, and 
nATV (to . ui!h ” s3 oi precipitated casein) is less as compared 

ruth unhomogen, red con s milk One often mentioned disadtantage of 
goats milk is apparently fictitious— so-called “goat’s milk anemia ’’ In 

STSSlihiS ra tb and ’ bab 7 n0 ■‘■"--At been^nd m 

sahSto™ 1', C °" 8 “S' 11 e0at ’ s nulL m nutritionally 

mins C aS D T if 1 '" “?I>P , “>entat,on with iron and ruth vita 
mms C and D knder the ter, best stabling conditions for both species, 
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as for example for the experimental herds at Beltsville, it is possible to 
keep goats cleaner than cons, hence the bacterial counts of goat’s milk 
are loner under such test conditions Under ordinary stabling conditions, 
goat’s milk has no less opportunity to be contaminated than con's milk 
Goats are not susceptible to bovine tuberculosis, but otherwise any milk- 
borne disease can be earned as effectively by goat’s milk as by con ’s milk, 
hence pasteumation or boiling is as necessary for the milk of one species 
as for that of the other Inspection of con’s milk and of the dairies nhere 
it is produced is almost universal m American communities, but goat’s 
milk is often not included in the regulations governing such inspections 
Evaporated milk is prepared by concentration under reduced pressure 
to slightly less than half the original volume The concentration of dis- 
solved solids is therefore slightly more than tn ice that of the original 
milk For purposes of infant feeding, evaporated milk may be used m half 
the amount specified for whole milk, reconstituted to the specified volume 
with boiled water Most brands of evaporated milk sold at retail are forti- 
fied to provide 400 U S P units of vitamin Di per reconstituted quart, 
and this is indicated on the label Evaporated milk is sterilized at high 
temperatures after being sealed m cans and under present-day conditions 
of manufacture is rarely subject to spoilage from incomplete sterilization 
Even though the milk is sterile, uudesirable alterations of viscosity may 
occur oh storage, sometimes with separation of proteins into an insoluble 
gel These changes are unlikely if evaporated milk is used within two 
3 ears, and if it is stored at temperatures below GO 0 F ,5 

Canned fresh whole milk which wall keep four to six months without 
refrigeration, is sterilized by bringing its temperature almost to 300° F 
for a few seconds m a specially designed heat-exchanger The canning is 
done under stenle conditions This type of canned milk has no cooked 
flavor At the time of this writing, this product is not sold extensively 
at retail in the United States but is processed chiefly for the armed 
services 

The original condensed milk (1858) was concentrated by evaporation 
under reduced pressure and preserved by the addition of sucrose It was 
not original}} sold m cans, but m bulk after the manner of sale of milk 
at that time Tor many y ears this product has been available at retail, 
canned and heat-stenhzed The concentration of milk components in 
present-day condensed milk is a little higher than in evaporated milk, and 
the percentage of added sucrose is about 40 per cent 

The better grades of dried milk are prepared by v ery rapid drying under 
reduced pressure, which preserves the vitamin potency as well as other 
nutrients Such products are satisfactory for human food and for inf wits’ 
formulas, when produced under proper sauitary conditions Chcipcr 
grades,, intended for animal food, are produced under less strict standards 
of quality and sanitation 

Storage of fluid milk or of milk concentrates at v ery low temperatures, 
(”■ o* to ~ lo° F ) is a satisfactory method of preservation which does not 
produce undesirable changes in flavor or physical properties, The use 

-MVebb Dejsher and loiter J Dairy Set 34 1111 (1 Sol) 

s ‘ Tracj Hetrick and Krieukc J Dairy Scu 33 S32 (19a0) 
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of cathode rays has been found effective m stcnli/ing milk, and is daunt 
to be without effect upon flavor ” 

State laws in the United States require that >« cnam tout™* 
fled percentage of milk fat, the percentage varying from 8 to 14 m d Mir 
ent jurisdictions Frozen preparations vvitli loner fat content a 

ice milk or sherbet , 4 „„ f ..u t< h 

Determining the freezing point of milk is a simple physical test uhicn 
reveals dilution with water Observation m a mixed milk 8 P L ^ C " } t 
freezing point higher than the limiting value of -0 o-0 C indicates 
such dilution has been made If the sample is from a single cow , there » 
a remote chance that this limiting value may be exceeded without tne 
addition of water If the sample is a mixture of the milk of six or mor 
cows, a freezing point above the limiting value 13 definite evidence o 
watering, and if the sample is from forty cows or more, a freezing pom 
above —0 540° C raises strong suspicion of watering 18 

Economics. The milk-producing cows of the Lmited States rmm^r 
close to 25 000,000 and their output is estimated at over 14,000,000,000 
gallons per year, which brings to American dairymen an annual gro»s m 
come of more than §3,700,000,000 Estimates released b> the Milk In 
dustry Foundation apportion the 19o0 milk output as having been use 
as follows 


Fluid milk and cream 


sold in cities and v illagcs 

37 3% 

used on farms where produced 

10 1% 

Butter 


creamery made 

22 7% 

farm made 

4 3*0 

Cheese 

9 5% 

Ice cream 

5 1% 

Evafioratcd condensed and dned milk 

0 4% 

Milk fed to calv es on farms 

2 7% 

Milk for other uses 

1 9% 


The figures above do not tell the whole story, since skim milk, butter- 
milk, and whey remain after cream, butter, and cheese have been made 
Lactose for vise in the manufacture of food and medicinal products is 
separated from such residues and marketed at a rate of 40,000,000 pounds 
a 5 ear in the United States About half this amount of casein is similarly 
obtained, and is used for human and animal food, and in pharmaceutical, 
paper, paint, and adhesive products Hydrolj zates of casein are used in 
special diets, in food flavoring and as nutrients in industrial microbiol- 
ogy The whey proteins are also separated, and are used in food products 
and for many industrial purposes 


EXPERIMENTS ON MILK 


1 Phosphatase Test Jot Pasteurization ( Cornell Method «) Principle The 
destructive effect of heat on the natural phosphatase in raw m.lk is used as the basis 
for testin g the efficiency of pasteurization Phosphatase activity is measured by the 


“ Lytbgoe J Assoc Off it Agr Chemists 55 442 {19o2l 

•*1 STJSS3 /, £TJ / £L£- ,, “ 1 1 “-» V 


permission of the author 



Chap S 


Milk 


253 


hj drolysis of dtsodium pheaylphosphate and colonraetnc estimation of the xdi iteil 
phenol Dairy product samples are incubated with the substrate buffered at pH U ) 
to 9 7, and then the protein is precipitated After filtration the filtr ite is brought bach 
to an alkaline reaction with carbonate and BQC“ is added Blue color is produced if 
sufficient phosphatase was present m the milk to split the disodmm phrnylphoephah 
substrate during incubation The procedure as gi\ en here applies to milk \\ ith minor 
modifications {given in the original paper) the Cornell test can be applied to other 
dairy products 

Procedure 41 a Sampling and Incubating (Long Method) For milk and other 
fluid dairy products, 1 nil of milk or milk product is transferred to a 25 X 150 
mm test tube Add 10 ml of warm (40° C ) carbonate buffer substrate and 
4 drops of U S P chloroform A piece of parchment paper is fitted over the 
tube with the aid of a rubber band, and the milk is incubated at 32° to 37° C 
for 18 to 24 hours 

b Precipitation After incubation, 1 ml of trichloroacetic — HC1 precipitant 
is slowly added to the tube The resulting protein precipitate is filtered off 
through Whatman No 42 paper (11 cm ) 

c Color Development Five ml of the clear filtrate is pipetted into a 16 X 
150 mm test tube One mi of CuSO, “Calgon’* solution and 5 ml of S per 
cent Na,CO, are added Then 2 drops of BQC solution are placed in this soiu 
tion The tubes after mixing are inserted in a water bath at 37° C for 15 
minutes Color development is measured after this interval against suitable 
color standards or in a colorimeter 

Interpretation op Results All final color readings are after consideration of 
control values multiplied by a factor of 1 2 to con\ ert to pg phenol per 0 5 ml Vnj 


»° See 2 (kDibromoquinonechloroimuie solution (BQC) under footnote 31 
11 Reag cuts and \fateriaU 

Carbonate Buffer Substrate Dissolve 1150 g anhydrous NaiCOj 10 15 g anhydrous 
NaHCOj and 1 09 g pure disodium pheny lphosphnte in water and make up to 1 liter 
(pH = 9 SO) 

Trichloroacetic — hydrochloric acid precipitant Dissolve 25 g trichloroacetic acid crystals 
in water make up to SO to! with water add 50 ml cotie HCl (approx 36 per cent) an / 
mix thoroughly 

Sodium carbonate solution ( 8 per cent) Dissolve SO g anhy drous Na COi in water an 1 
make up to 1 liter 

Capper sulfate Calyon sol* (ton Dissolve 500 mg CuSO, 5HjO and 20 g Calgon 
(sodium hexametaphosphate) crystals (tech ) in water and make up to 1 liter 

2 G'Dtbrornoqutnottcchloroimine soli (ion (BQC) Dissolve 50 mg BQC in 10 uli absolute 
ethji or methyl alcohol and store m dark bottles 

Color standard* Make the following solutions as preliminary to making standards — 
a Stock phenol solution Dissolve 1 g phenol cry stals m w ater and make up to 1 liter 
b Buffer solution Make l liter ol carbonate buffer containing 1 1 50 g Na»CO, and 10 1 ~> 
g NaHCOj 

e. Diluted phenol solution Using 4 ml of stock phenol solution (a) make up to 500 ml 
with buffer solution (b) This solution contains S pg phenol per ml 

Preparation of color standards Place in dean 16 X 150 mm test tubes 0 5 to 5 ml por 
tions of Diluted Phenol Solution (c) Add enough Buffer (b) so that total v olume of liquid in 
each tube i» 10 ml Then add 1 ml of copper sulfate— Calgon solution to each tubo Finally 
add 2 drops of BQC and 4 drops U S P chloroform and mix Let stand for 15 nunutes at 
37® C Seal tubes with paraffin wax and store in refrigerator Tubes containing 0 o 10 
15 2 5 and 5 0 ml portions of dituted phenol solution will produce standards of 4 0 
8 0 12 0 20 0 and4Q0pg respectively after final color dev elopmeut Color standards of 
2 0 and 5 0 fig can bo easily obtained by making 4 0 and 20 0 Mg solutions will out color 
dev elopnient and diluting these with sufficient Buffer Solution (h) Color is then dev dope 1 
in 10-mi portions by adding copper sulfate— Calgon solution and BQC 

To obtain alcohol color standards o ml of buty 1 alcol ol arc added to a duplicate series of 
final aqueous color standards The tubes aro inverted ten times to extract color ai d the 
cork stoppers arc sealed with wax. 
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in the baine way as the long method except that (a) incubation ia c 
Lour at 37® to 38° C . and (b) chloroform is omitted ... 

Controls for Long a-nu &uort Metiioos One ml of milk, prLfcrably trom ^ 
teunzed stock is placed m a tube hcatc 1 to 78* C (170’H (or 15»«ond» ■»»“»>" 
bath and then cooled immediately Tins heated control is test cal b> the sam 
as employed for samples of unknown history 

\lcoiiol Extraction If necessary butyl ulcol ol extraction may be used in ei 
the long or short method especially on critical values Five ml of n butyl alco 10 
added to the ttst tube containing the aqueous colored solutions, and the lat cr 
inverted ten times The clear layer appears without centrifuging and is coinpar 
against alcohol standards Alcohol extraction is preferred when a colorimeter is no 
used as aqueous phenol standards for all methods deteriorate aa a rule relative y 
rapidly 


2 Influence of Gattrtc Renmn on Milk Prepare a series of five tubes as 
follows 

a 5 ml of fresh milk + 02 per cent IIC1 (add drop by drop until a pre- 
cipitate forms) 

b 5 ml of fresh milk + 5 drops of rennin solution " 
c 5 ml of fresh milk + 10 drops of 0 5 per cent NajCOi 
d 5 ml of fresh milk + 10 drops of ammonium oxalate solution, 
e 5 ml of fresh milk + 5 drops of 0 2 per cent HC1 

To each of the tubes (c), (d), and (e) add 5 drops of rennin solution Place 
the whole series of five tubes at 40® C and after 10 to 15 minutes note what is 
occurring In the different tubes Give a reason for each particular result. 


3 Preparation of Casern ** Into a 600 ml beaker introduce 200 ml of 
skimmed (or centrifuged) milk Add an equal volume of water Add from a 
pipet very carefully, drop by drop with thorough stirring, 10 per cent IIC1 
until a flocculent precipitate forms (Casein precipitates best at a point 
slightly more acid than Its isoelectric point of pll 4 55 ) From 3 to 5 ml of acid 
are commonly required In milk, casein functions as an acid and exists as K 
and Ca caseinates, from which compounds It is released by the acid As the 
isoelectric point is passed, however, the casein begins to function as a base 
and go Info solution as casein hydrochloride {fence excess of acid must be 
avoided If too much acid be added, run in, drop by drop, 10 per cent NaOH 
solution until precipitation occurs and a clear supernatant fluid is obtained 
Allow the precipitate to settle decant the supernatant fluid, and reserve it 
for use in later (4-6) experiments Filter ofl the precipitate of casein and 
remove the excess of moisture by pressing it between filter papers Transfer 
the casein to a small beaker, add enough 95 per cent alcohol to cover It, and 
stir for a few moments Filter, and press the precipitate between filter papers 
to remove the alcohol Repeat the extraction with alcohol, making sure that 
the casei n is in a finely divided condition Transfer the casein again to a small 
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dry beaker, cover the precipitate with ether and heat on a water bath, with 
any flames turned out, for ten minutes, stirring, continuously. Filter (re- 
serve the filtrate), and press the precipitate as dry as possible between filter 
papers. Open the papers and allow the ether to evaporate spontaneously. 
Grind the precipitate to a powder in a mortar. Upon the casein prepared in. 
this way make the following tests: 

a. Solubility. Try the solubility in water, sodium chloride, dilute acid, 
and alkali. 

b. Millon’s Reaction. Make the test according to the directions given on 
p. 169. 

c. Ctstixe and Cv stein e Sulfur Test for c> stine and cjsteine sulfur accord- 
ing to the directions given on p. 168. 

d. Fusion Test for Puo&rnoRCS Test for phosphorus by fusion according to 
the directions given on p. 212. 

•/. Coagulable Proteins of Milk. Place the filtrate from the original casein 
precipitate in a casserole and heat on a wire gauze over a free flame. As the 



Fig. 63. Lactose 


solution concentrates, a coagulum consisting of lactalbumin and lactoglobu- 
Un will form. Continue to concentrate the solution until the volume is about 
one-half that of the original solution. Filter off the coagulable proteins (re- 
serve the filtrate) and test them as follows: 

a. Miuon’r Reaction. Make the test according to the directions given on p. 
169. 

b. Ctstlve axd Cysteine Sulfur. Make the test according to the directions 
given on p. 168. Do the coagulable proteins differ from casein in their reaction 
to thi3 test? Why? 

5. Detection of Calcium Phosphate . Evaporate the filtrate from the eoag- 
ulable proteins, on a water bath, until crystals begin to form. It may be 
necessary to concentrate to 15 ml. before any costalUzatlon will be 
observed. Cool the solution, filter off the crystals (reserve the filtrate), and 
‘test them as follows: 

a. MiCROsa3rxc.tr. Examination. Examine the crystals and compare them with 
those in Fig. 64. 
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6. Detection of Lac'oie. Concentr.l. Ih. 1.1, rate Iron, .ho calcium pho.- 
phate until It i> ol a ..rupllhc con.lstcncj, and pour It Into .c.eral .olumc 
acetone to precipitate the lactose in crystalline form 

a Micko'Coj ical 1 *ami\atios Examine the corals anil compare them wim 

those In Fig 63 

b Blm uict s Ti-oT Try Benedict’s test upon the mother liquor, 
c PubNYMlvimuiNt Tu»t Apply the phen>lhjdraxlne test to some of 
mother liquor according to the directions given on p. 63. 


7. Milk Fat Evaporate the ether filtrate from the casein (Fsp. 3) and ob- 
serve the fatty residue. The milk fat was carried down with the precipitate oi 
casein and was removed when the latter was trefltc 
with ether. If centrifuged milk is used In the pf c P" 
aration of the casein the amount of fat in t e 
ether filtrate may be very small. 

«. Saponification of Butter. Dissolve a small 
amount of butter In alcohol made strongly alkaline 
with potassium hydroxide. Place the alcoholic- 
potash solution in a casserole, add about 100 ml. °* 
1 -ig 04 Calcium Pros- water and boil for 10 to 15 minutes or until the odor 
pii ATL of alcohol cannot be detected. Place the casserole 

in a hood and neutralize the solution with sulfuric 
acid Note the odor of volatile fatty acids, particularly but>ric acid. Under 
certain conditions the odor of ethyl butjrate may also be detected. 



QUANTITATIVE ANALYSIS OF MILK * 4 

1. Collection of Human Milk for Analytlt. There arc two methods of obtaining 
samples of breast milk for anal j sis 

Fjbst Method Express all the milk from one breast and mix thoroughly. 

Second Method Draw one ounce of milk be^re nursing and one ounce after 
nursing Mix the two samples thoroughly The best time for obtaining sam- 
ples Is 9 to 10 A M. 


2. Specific Gravity. This may be determined accurately by means of a pj kilom- 
eter or more conveniently by means of a Soxlilct Vcith or Qucvcnuc lactometer V 
lactometer reading of 32° denotes a specific gravity of 1 032 The determination should 
be made at about G0° F (15 6° C ) and the lactometer reading corrected by adding or 
subtracting 0 1* for every degree F above or below that temperature 


3 Fat. 

a Babcock’s Cen trifocal Method Principle This method involves the break- 
mg ol the emulsion o! fat in milk by means of concentrated sulfuric acid centn fugation 

t Zl Tr 1 ': th ° r Cial * ube shown in F >g C5 and subsequent reading of 
the percen tage of fat in the graduated neck Larger Babcock bottles are commonly 
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used for testing cow’s milk or cream; these are supplied with pipets calibrated to 
deliver 18- or 9*g charges, respectiv ely The method is accurate to within 0 5 per cent 


Procedure. By means of a special narrow piper, introduce mlik into the 
tube up to the 5-ml. mark. Now add sufficient sulfuric acid (sp. gr. 1.83-1.834) 
to fill the body of the tube and rotate the tube to secure a 
homogeneous acid-milk solution. Fill the neck of the tube v\ ith 
an acid-alcohol mixture.” Centrifuge the tube and contents for 
one to two minutes and read off the percentage of fat by means 
of the graduated neck of the tube. If the top of the fat column 
is not at zero it may be brought there by the addition of hot 
water and a moment’s recentrifugation. 

in case very rich milk (over 5 per cent fat) is under examina- 
tion, it may be diluted with an equal volume of water before 
examination and the fat percentage multiplied by 2. In the ex- 




amination of cream it is customary to dilute the sample with four volumes 
of water and multiply the resultant fat value by 5. 

b Roese-G ottlied Method Pbincipee The milk is made alkaline and extracted 
repeatedly with petroleum benzin and the filtered extract evaporated to dryness m a 
tared flask This method, together with the Babcock procedure, is "official” in the 
A O V.C Book of Methods (see footnote 34, p 236) and is adaptable to butter, ice 
cream, dried milk, etc 


Procedure. Transfer 10 g. of the sample to a Rohrig tube (Fig 66) or a 
similar apparatus (Mojonnler flasks 9 * (Fig. 67) are widely used in dairy 
laboratories), add 1.25 ml of NH«OH (2 ml. if the sample Is sour), and mix 
thoroughly. Add 10 ml of 95 per cent alcohol and mix well. Add 25 ml of 


** Tlus mixture consists of equal % olutncs of amyl alcohol and concentrated h> drochlonc 
acid 

** Obtained from Mojonmer Bros. Co , 4601 West Oluo St , Clucngo 41 III 



238 


Practical Piiymologicai Cihmistjiy 


Chap 8 


ether, shake vigorously lor SO second, add 25 ml of Oo.rolrum henaln (re- 
distilled slowly at a temperature below 65 C ), ami shake aftaln 
ends Let stand 20 minutes, or until the upper liquid U P r “ c ^ a y , 
Draw of! as much as possible of the ether-fat solution (usually ® * J® ® ' 

will he left) Into a flask throujlh a small, quick-acting filter ft ] L 

the liquid remaining In the tube, this time with 15 ml of each .o *«“*J*£ 
vigorously 30 seconds after each addition and allow to settle Dra 
clear solution through the small filter Into the same ' , “» k -■» bc, " rc "V* , 

the tip of the spigot, the funnel, and the filter with a few m 
of a mixture of the two solvents. In equal parts, free from sus- 
pended 11,0 To insure complete removal of the fat, a tmr 
extraction is necessary (This third extraction yields less than 
I mg of fat if the previous solutions have been drawn on 
closely ) Add a glass bead and evaporate the ethers slowly on a 
warm surface, then dry the fat In a boiling water oven to con- 
stant weight Weigh the flask with a similar flask as a counter- 
poise Do not wipe the flask immediately before weighing 
Remove the fat completely with petroleum henzin. Deduct the 
weight of the dried flask with residue and bead to obtain the 
weight of fat Finally, correct this weight by a blank determl- 
nation on the reagents used 

^ II c Soxhlft MfcTiioo This classical procedure Is suitable for the 

I l determination of fat In solid materials such as dried milk (Fifi* 

,1 111 “> 

I 4 Total Solids Introduce 2 to 5 g of milk Into a weighed, 

flat-bottomed platinum dish” (which may, if desired, contain 
15 to 20 g of pure, dry sand spread over the bottom) and quickly 
ascertain the weight to milligrams Expel the major portion of 
the water by heating the open dish on a water bath and con- 
tinue the heating in an air bath or water oven at 97° to 100® C 
until the weight is constant (If platinum dishes are employed 
this residue may be UBed in the determination of ash according 
I’to 0 8 to the method described below ) 

Sox ii let Calculation ** Divide the weight of the residue by the weight of 
Lxtu action milk used The quotient multiplied by 100 gives the percentage of 
AerABATUs 8ohds containcd m thc milk cxammcd 

5 Ash Heat the dry solids from 2 to 5 g of milk, obtained according to 
the method j UB t given, over a very low flame” until a white or light-gray 
ash 1 b obtained If the determination is made directly on fluid milk, weigh 


quickly about 20 ml , add 6 ml 


concentrated UNO,, evaporate, and ignite as 


above Cool the dish in a desiccator and weigh 

1 ' 1 , tro ‘!, uc ' a k, " ,wn Ol milk (5 to 10 6) Into a 500-ml 

K|cM * 111 ‘“ 4 “ tton fla * k “"d M -1 ol concentrated aulfurlc acid and 

-SttSSil - l "'“ Cb - “-M ™*k. a very -U.t.cW ™b- 

CenUB.%ri”S‘™»L“VthS^o^tom'i'i ,1 '‘ Urf !r °" g ""‘ > “ d 

s - 025 L +12F 

ntS Vt’tt Lunt Ct0mCter readme (t,lr ‘ 1 a " d decimal places of specific 

'• C,.U vis should he u*,d in tl„. lhc d „,, , 

e chlorides may volatdixe 


taint redneiw t 


» tune being heated above a 
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about 0.2 g. of copper sulfate. Expel the major portion of the water by heating 
over a low flame, and finally use a full flame and allow the mixture to boil 
one to two hours. Complete the determination according to the directions 
given under the Kjeidahl Method, p. 874. If large amounts of milk are not 
available, a micro method may be used (see p. 8S0). 

Calculation Multiply the total nitrogen content by the factor 6 38 40 to obtain 
the protein content of the milk examined 

7. Casein. To 10.5 ml. (or a weighed equivalent) of fresh miik In a beaker, 
add 90 ml. of warm water (40° to 42® C.) and 1.5 ml. of 10 per cent acetic acid 
and stir. After 5 minutes’ standing decant on an acid-washed filter, and wash 
the precipitate by decantation several times with cold water. Transfer the 
precipitate to the filter and repeat the washing twice. The filtrate should be 
clear or very nearly so. If the first portions are not clear, repeat the filtration 
and complete the washing of the precipitate. Determine the nitrogen con- 
tent in the washed precipitate and filter, as directed In Exp. 6. 

Calculation Total N X 6 38 =•= casern content of aliquot 

8. Hart's Casern Method Introduce 10.5 ml of milk into a 200-mi. Erien- 
me>er flask and add 75 ml of distilled water and 1.0 to 1.5 ml. of 10 per cent 
acetic acid. 4 * Mix the contents by giving the flask a vigorous rotary motion. 
The precipitated casern is now filtered oil upon a 9- to 11-cm. filter paper. 4 * 
Wash out the absorbed and loosely combined acetic acid by means of cold 
water. Continue the washing of both the casein on the filter and that adher- 
ing to the flask, until the wash water has reached a volume of at least 250 ml. 

Now return the precipitate and paper to the original Erlenmeyer flask, 
add 75 to SO ml, of neutral (carbon dioxide-free) water, 10 ml. of 0.1 N potas- 
sium hydroxide, and a few drops of phenolphthalein. Stopper the flask and 
shake it vigorously, by hand or machine, until the casein has been brought 
Into solution. 41 Rinse the stopper with neutral (carbon dioxide-free) water 
and titrate the alkaline casein solution at once with 0.1 N hydrochloric acid 
until there is a disappearance of ail red color. 44 

Calculation Subtract the corrected 44 acid reading from the 10 ml of alkali used 
The difference is the percentage of casern m the milk For example, if it takes 6 7 
ml of 0 l N hydrochloric acid to titrate the alkaline solution to the end point and 
the check test was equivalent to 0 2 ml of 0 1 N acid, the casern value would be ob- 
tained as follows 10 — (67 + 02) =31 per cent casein 

9. Coa«utable Protein. Exactly neutralize the filtrate obtained under Exp. 

7 with 10 per cent NaOH solution, add 0 3 ml. of 10 per cent acetic acid, and 


19 The usual factor employed for the calculation of protein content of average or mixed 
foods from tho nitrogen content is 6 25 It is based on the observation that proteins contain 
on the a\ erage 1G per cent nitrogen The factor 6 33 is used to calculate the protein content 
from the total nitrogen, since the total protein constituents of milk have a mean nitrogen 
content of 15 7 per cent 

41 la general 1 5 ml of acetic acid gives a clear solution which filters nicely, but occasion- 
ally, when the milk has a low casein value it is advisable to use less acetic acid 

41 The process of filtration mas be retarded through tho packing of the casein mass upon 
tho filter paper In this case conduct a fine stream of cold water against the upper point of 
contact of filter paper and casern Bj this means the casern precipitate is loosened and 
gathers in the apex of tho filter This procedure is verj essential It is not necessary to re- 
move the casern which adheres to tho interior of tho flask. 

41 Solution js indicated b> the disappearance of the white casein particles which would 
otherwise xottlo to the bottom of the flask 

44 V check test should be run parallel with the entire determination E\ en with special 
precautions as to neutrahtj it ii generally found that an acid check of 0 2 to 0 3 ml will be 
obtained This check titration should be added to the volumo of acid used in titration 
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heat on a .team bath until the protem 1. completely precipitated Collect 
the precipitate on an acid washed Biter, wash with cold 11,0, and determl 
the nitrogen as directed under Exp 6 , hllTmn 

Calculation Multiply the total n trogen by the factor 0 38 to obtain the album 
and globul a content 


10 Lactose ** To about 350 ml of water in a beaker add 20 g of milk, mi 
thoroughly, acidify the fluid with about 2 ml of 10 per cent acetic acid, 
and stir the acidified mixture continuously until a flocculent precipita e 
forms At this point the reaction should be distinctly acid to litmus *J® a 
the solution to boiling for one half hour, filter, rinse the beaker thoroughly 
and wash the precipitated proteins and the adherent fat with hot water 
Combine the filtrate and wash water and concentrate the mixture to about 
150 ml Cool the solution and dilute It to 200 ml in a volumetric flask Titrate 
this sugar solution according to directions given under Benedict’s Meth 
(see p 919) 

Mjers recommends the following procedure for the determination o 
lactose in milk One part of milk is mixed with an equal volume of phos 
photungstic acid solution (70 0 g of acid and 200 ml of concentrated HCI 
in 1 liter of water) and 2 to 3 parts of water Mix well, filter until clear, and 
titrate the clear filtrate against Benedict’s solution (25 ml reduced by 67 
mg of lactose) 

Bocks Mltuod tor Lactose ln Milk Pipet 20 mi of milk into a 100 ml volu 
metric flask From a pipet or buret add 12 ml of 10 per cent sodium tungstate 
and 12 ml of 2 $ N sulfuric acid Mix by rotating the flask, dilute to the mark, 
and filter Determine the lactose in the filtrate by titration with Benedict s 
solution 

Calculation Make the calculation m the above titration methods according to 
directions given under Benedicts Method (see p 920) beanng m mind that 2o 
ml of Benedict s solution arc completely reduced by 0 007 g of lactose 


11 Micro Method for Lactose in Milk 

1 nisciPLf I actosc is determined on the protein free filtrate of milk bj a copper 
red ict nmLtl od follow ing the method of Folin and \Y u for blood sugar This method 
is well suited to routine analyses 


Procedure Introduce 1 0 ml of milk into a 100 ml volumetric flask, add 
2 ml of 10 per cent sodium tungstate Add gradually 2 ml of V sulfuric 
acid (or 16 ml of N/I2 acid), mix well and let stand 5 minutes Dilute to the 
mark with water and filter Into a Fohn Wu sugar tube Introduce I ml of 
the filtrate and 1 ml of water Into another tube place 2 ml of standard 
Ucic... solution Add 2 ml of the Fol.n Wu alkaline copper solution (see 
? . ^ Ch a “ <1 h “ t ,n foiling water lor 8 minutes Cool and add 

nli m ° s “‘" tC ? S ' nt <*" ■> ’<•»> “> tube After 1 minute, add 
f-he c^lmet’t “ 4 > ,h ' 25 ■». »<* compare 


! i 


Calcllation 

Urad n g of Standard 100 1 

licadu g of Unknown X 0 0 X <foI X TOOO = 1>er cent lactose 

‘ Prepare a „ock S ‘ISSo K Cl “‘Ocfum J 45 45. ( 1949 ) 

» HC IU- 4 »nd making up to * > l um * „r .ri, ° f Iacto *® >n 0 2 per cent ben 

l a * ** »1 of the stack aolut, n to W „J -5, ^ ^'VmK Htandard u, prepared bj drlut 
laet »«) w Wlt “ 0 2 per cent benzoic acid (2 ml =06 me 
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Epithelial and Connective Tissues: 
Bone and Teeth 


EPITHELIAL TISSUE (KERATIN) 

The major portion of hair, horn, hoof, feathers, nails, and the epidermal 
layer of the shin is made up of albuminoid proteins called keratins A* 
class the keratins are characterized by their extreme insolubility m 
usual protein solvents, their lack of digestibility, and their high sul 
content most of which is in the form of cystine These characteristics a 
not unrelated, the keratin molecule is considered to consist of closely 
packed polypeptide chains which are held together by the disulfide bon 
of cystine, the resistance to solvents and enzymes being associated wit 
the close packing of the chains This view is supported by the fact that u 
wool, for example, is ground to a fine powder by mechanical means 1 
becomes more soluble and more digestible 

According to Block the various keratins may be further characterized 
as eukcratins and pseudokeratms The eukcratins contain, in addition to 
other amino acids, the amino acids histidine, lysine, and arginine in the 
approximate ratio of 1 4 12, with from 3 to 5 per cent sulfur, nearly all 
of which is cystine They are found largely in the hair, nails, feathers, 
horn, etc The pseudokeratms, found chiefly m the skin and nervous 
tissue contain less sulfur, from 1 to 3 per cent, and do not show the same 
histidine lysine arginine ratios as the eukeratins It has been shown by 
\ ray ciy stallography that the intramolecular spatial arrangement of 
keratin can be modified under the influence of pressure or stretching Such 
differences in molecular configuration of keratin, may exist in the varied 
anatomic forms of epithelial tissue 


The keratins are not acted upon by proteolytic enzymes This is per 
haps due more to lack of physical accessibility to the proteolytic enzymes 
than to lack of specific types of peptide linkages Hence if the molecular 
structure of keratin is changed through chemical or mechanical means 
these enzymes digest the resultant produet quite readily The keratins ap- 
pear to be digestible by an enzyme in the intestine of the clothes moth at 
pH 9 m the presence of the reducing medium yielded by the H 2 S liberated 
through bacterial action in the intestine 

Oic compobition of human hair is influenced by Us color and by the 
race sex age and punty of breeding of the individual ■ It may be differ 
e'lt'atcd from all other animal hair or Moot by its high content of cystine 


\ * Hulkcrford and Hawk J Biol Chtm 


3 4*»9 (1907) 
242 
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Most of the S of hair is m the foira of cystine, with some cysteine usually 
present Human hair contains from 13 to 19 per cent of cystine, sheep's 
wool 8 to 14 per cent, and feathers 7 to 12 per cent It is claimed that the 
vitamins inositol, nicotinic acid, pantothenic acid, and riboflavin are pres- 
ent in normal rat and human hair m about the same ratio as in other 
tissues 2 

Trom the analyses of the shin of the dog, rabbit, and man for mineral 
constituents, it has been shown that there is an individual variability m 
composition m the same species as well as distinct difTeiences among 
different species The addition of cystine to a diet deficient m this amino 
acid appears to fat or the grow th of hair to a greater extent than it affects 
the growth of body tissue as a whole 

Permanent waving is believed to rest upon a change in the structure of 
the keratin molecule The damp heat used in the waving process opens 
up the disulfide bonds of the keratin If the hair be artificially curled 
while in this condition, then dried, the disulfide bonds again form and 
the wave is automatically held m position On the other hand if the disul 
fide groups are changed to sulfhydryl groups by reduction the permanent 
wave may be made w ithoufc resorting to heat Hence the so-called “cold” 
wave 

The addition of cystine to a sheep’s diet will improve the w eight and 
quality of the w ool of the animal In rats, para amwobenzoic acid is also 
reported to have prevented the graying of hair Such findings on lower 
animals have not been successfully duplicated m controlled observations 
m human bemgs 

Hyaluronic Acid and Hyaluromdase. So-called mucopolysaccharides 
iccur in epithelial and connective tissues The most important member 
>f tins group is hyaluronic acid This may be hydrolyzed by the enzyme 
ujalurotiidasc 5 This enzyme was originally termed the spreading factor 
is it was thought to be importantly related to the spread of disease germs 
n the body It seems that the hyaluronic acid present m the intercellular 
substance offers resistance to the spread of harmful microorganisms How - 
iver, many such microorganisms manufacture hyaluromdase, winch ren- 
ders hyaluronic acid more or less impotent, permitting the harmful germ 
to enter the tissues Thus in rheumatic fever it has been claimed that 
the therapeutic use of salicylates mhibits the action of hyaluromdase 
The intact hyaluronic acid then acts to prevent invasion of the tissues 
In pure form, hyaluromdase which is also present in spermatozoa, 
leech heads, and the venom of snakes and bees, has been used clinically 
to facilitate the hypodermic administration of large aolumes of fluids 
( hypodermoelysts ) To assist the penetration of certain drugs into mucous 
membranes, to combat the formation of renal calculi to speed reco\ ery 
from painful ankle sprains, and to aid in spreading the effect of local 
anesthetics over a larger area — these are other clinical functions ascribed 
to this enzyme Evidence has accumulated which has cast some doubt 
upon the supposed efficiency of hyaluromdase m hy podermoelysts * 

* Novak and Bergcun J Biol Chem 155 2S3 (1944) 

* Mcjer I hunol Kew n 335 (1947) 

*J 1m l/«l li*oe 151 044 (19o3) 
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EXPERIMENTS ON EPITHELIAL TISSUE (KERATIN) 
Horn bhavmgs or na,l panngs may be used m the cvpcr.nu.nts 
follow 

1 MtUon s Reaction 

2 Xanthoproteic Reaction 

3 Gtyoxylic Acid Reaction ( Hopkins Cole) 

4 Test for Cystine and Cysteine Suljur 

What ammo acids do these tests show to be present m keratin? 
CONNECTIVE TISSUE 


I WHITE ITBKOU3 TISSUE 

The principal solid constituent of white fibrous connects c tissue is the 
albuminoid collagen This bubstance is also found in smaller percentage i 

cartilage bone and ligament but the collagen from the various sources 

is not identical m composition In common with the keratins collagen is 
insoluble in the usual protein solvents presumably because of the close 
packing of the polypeptide chains as with the keratins It differs from 
keratin in containing much less sulfur Analyses show only 0 1 pe* 
cent cystine and 0 9 per cent methionine It contains no tryptophan 
and very little tyrosine It has been estimated that glycine represents 
one-third of all the amino acid residues in the collagen molecule, a 
becond third of the molecule is composed of prolme and hydroxyproline 
the other ammo acids making up the remainder of the molecule It I s 
digested slowly by pepsin HC1 but by trypsin only at temperatures above 
40° C or after previous action of pepsin One of the chief characteristics 
of collagen is the property of being converted by boiling acid or water to 
gelatin The process does not seem to be one of hy drolysis since there is 
no increase m amino nitrogen Some intramolecular change may occur 
but the x ray diagram docs not change This suggests that the alteration 
may be largely a physical one The amino acid composition is essentially 
that of gelatin (see p 122) 

In vitamin C (ascorbic acid) deficiency (scurvy) the intercellular ce- 
ment substances are not deposited in a normal manner It is believed that 


in this condition there is a tendency to hemorrhage and to the slow heal 
mg of wounds because of the presence of abnormal collagen In this con 
nection Robertson* reports no significant differences m the collagen con 
tent of skin liver lung kidney spleen costochondral junctions and 
teeth of normal and acutely and chronically scorbutic guinea pigs The 
same author* has shown that when guinea pigs m various nutritional 
states were fed glycine-V* the collagen isolated from liver lung muscle 
skin and bone contained \>‘ in vary mg concentrations The glycine iso- 
lated from the collagen of skm muscle and bone also contained an excess 


' IloberUoo J Biol Chem. HI 673 (19^0) 
• 11M 117 49a (19o2) 
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of the isotope. The concept of collagen diseases has received much atten- 
tion. A wide variety of dissimilar diseases give definite evidence of fibri- 
noid changes 7 Hence the clinician has been warned that no special em- 
phasis should be placed upon the occurrence of these changes and the 
clinical usefulness of the term “collagen disease" is questioned. 

In the preparation of leather the collagen of the animal Hide is purified 
and tanned. Certain precipitating agents such as tannic acid and the salts 
of heavy metals bring about the tanning. 

The form of white fibrous tissue most satisfactory for general experi- 
ments is the teudo achillis of the o.\. The fresh tissue has the following 
composition: 


Water . 

62 9 per cent 

Solids 

37 1 

Inorganic matter 

0 5 

Organic matter 

36 6 

Fatty substance (ether-soluble) 

1 0 

Coagulablo protem 

0 2 

Mucoid 

1 3 

Blast m 

1 6 

Collagen 

31 6 

Extracts es, etc 

0 9 


The mucoid just mentioned is called tendomucoid and is a glycoprotein. 
It possesses properties similar to those of other connective-tissue mucoids, 
e g., osseomucoid and chondromucoid. 

Gelatin, the substance which results from the treatment of collagen v 1th 
boiling water or boiling dilute acids, is sometimes classed as an albumi- 
noid. It is probably better to consider gelatin a protein derivative not 
properly belonging to any of the recognized classes of proteins. Gelatin 
differs from the keratins and collagen in having a much simpler physical 
structure and in being easily soluble and digestible. In fact a large part 
of a gelatin solution can pass through membranes such as the walls of 
capillaries, because of its small moleculai weight Gelatin is nonantigenie 
and is not a complete protein from the nutritional point of view, since it 
is lacking in tryptophan and low or lacking in ceitain other amino acids 
(see p. 122). Thus it is not satisfactory as the sole dietary protein, but 
because of its ease of digestion and absorption it is used as an accessory 
protein in the diet, particularly m the case of convalescents. Attempts to 
remedy the dietary deficiencies of gelatin by supplementing the diet with 
the missing amino acids have not been successful; the reason is not known 
Gelatin gives a negative Hopkins-Cole test because it is lacking in trypto- 
phan. The low content of tyrosine and cystine usually results in a nega- 
tive or at the most a faintly positive reaction with Millon’s reagent and 
the lead-blackening test. The isoelectric point of gelatin is about pH 4.7. 

experiments on white fibrous tissue 

Tho teudo aclullis of the ok may be taken as a satisfactory type of the 
white fibrous connective tissue- 


1 J- .4m 3 fed. .law., 154), 220 (1952). 
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t P,c paralwn of TendomucoU Dl.»ct away the Ja«ia f 
t e„do., and cut the clean tendon Into .mat „ P ^ a, much at 

nine water, .abjection them to pressure In order to „ ten 
possible of the soluble protein and Inorganic salts This 4 

Important Transler the washed piece. of .endon o a » a * ““i “““* ’ F „.,r 
of half saturated lime water. Shake the flask at l "t cr '' a > 8 hydrochloric 

ofi the pieces of tendon and precipitate the mucoid with dilut > fl w 
acid Allow the mucoid precipitate to settle, decant the supernatan 
and filter the remainder. Test the mucoid as follows 

a Test for Ctstlne and Cystelne Sllfur , i t« « small 

b Hydrolysis of Texdouccoid Place the remainder of the m ^oidina 
beaker, add about 30 ml of water and 2 ml of dilute hydrochloric • u 
boil until the solution becomes dark brown Cool the solution, neu 
with concentrated sodium carbonate, and test by Benedict’s test 


2 Collagen This substance Is present in the tendon to the extent o 
32 per cent Therefore In making the following tests upon the pieces o ten 
from which the mucoid, soluble protein, and Inorganic salts were remove 
the last experiment, we may consider the tests as being made upon collage 
a Biuret Test 
b Xanthoproteic Reaction 
c Glyoxylic Acid Reaction (HorKiss-Cous) 

d Test tor Cystine and Cystelne Sulfur Take a large piece of collagen n 
test tube and add about 5 ml of sodium hydroxide solution Heat until t 
collagen is partly decomposed, then add I to 2 drops of lead acetate and aga n 
heat to boiling 

e Formation of Gelatin from Collagen Transfer the remainder of the pieces 
of collagen to a casserole, fill the vessel about two thirds full of water, and 
boil for several hours, adding water at intervals as needed By this means the 
collagen is transformed and gelatin is produced (see p 245) 

3 Gelatin On the gelatin formed from the transformation of collagen m 
the above experiment (e), or on gelatin furnished by the instructor, make the 
following tests 

a Millon s Reaction 

b Glyoxylic Acid Reaction (Hopkins-Coee) 
c Test for Cystine and Cystelne Sulfur 

Make the following tests upon a solution of gelatin in hot water 
a Coagulation Test Does it coagulate upon boiling? 

b Precipitation bt Alcohol. Fill a test tube one half full of 95 per cent alco- 
hol and pour in a small amount of concentrated gelatin solution Do you g* 1 
a precipitate? How would you prepare pure gelatin from the tendo achilh* oi 
the ox? 


II YELLOW ELASTIC TISSUE (ELAS1IN) 
c ligamcntum nuchae of the ox may be taken as a satisfactory type 
of the yellow elastic connective tissue The principal solid constituent 
of this tissue is elastin a member of the albuminoid group In common 
with the, keratins and collagen elastin is an insoluble substance and gives 
the protein color reactions It differs from keratin in ammo acid compost- 
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lion and in the fact that it may be digested by proteolytic enzymes (see 
pp 122 and 183-1S4) Elastin is characterized by its low sulfur content 
and its high, content of leucme plus isoleucmc 
Yellow elastic tissue also contains mucoid and collagen but these are 
present in much smaller amount than in white fibrous tissue, as may be 
seen from the following percentage composition 8 of the fresh hgamentum 
nuchae of the o\ 


Water 57 G per cent 

Solids 42 4 

Inorganic matter 0 5 

Organic matter 41 9 

Fattj substance (ether soluble) I L 

Coagulable protein 0 6 

Mucoid 0 5 

Elastin 31 7 

Collagen 7 2 

Extractives, etc 0 8 


EXPERIMENTS ON ELASTIN 

/ Preparation of Elastin ( Richards and Gtes ) Cut the ligament into fine 
strips, run it through a meat chopper, and wash the finely divided material 
In cold, running water for 24 to 48 hours Add an excess of half-saturated lime 
water, and allow the hashed ligament to extract for 48 to 72 hours Decant the 
lime water, remove all traces of alkali by washing m water, and then boll in 
water with repeated renewals until only traces of protein material can be 
detected in the wash water Decant the fluid and boil the ligament in 10 per 
cent acetic acid for a few hours Treat the pieces with 5 per cent hydro- 
chloric acid at room temperature for a similar period, extract again in hot 
acetic acid and in cold hydrochloric acid Wash out traces of acid by means of 
water and then thoroughly deh>drate by boiling alcohol and boiling ether in 
turn Dry m an air bath and grind to a powder in a mortar 

1 million’s Reaction 

2 Xanthoproteic Reaction 

3 Biuret Test . 

4 Glyoxyhc Acid Reaction ( Hopktns-Cole ) 

5 Test for Cystine and Cysteine Sulfur . 

Ill CARTILAGE 

The principal solid constituents of the matrix of cartilaginous tissue are 
chondromucoid, chondroalbumoid, and collagen Chondromucoid on de- 
composition yields protein and chondroitw sulfuric acid which has the 
following formula. 

•Later experiments (Ifnif Reed and Tunbridge Aature 264 (1952)) show the 
presence of daxtomucm a carbohj drate-contaunng protein The elastin of the earlier 
investigators »aa probabij a mixture of elastin and eJastomucjn 
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CH* 

I 

HOCH 


-0— SOz— Oil 


IIC 1 

HCOH I 
CHjCO — H\GH 
H< 

1 O — | 1 

IP 0 

I L H | 

HC— C O 0 — C — COOH 
11 O II H 
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CHr- 
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HOCIl 

I 

IIC 
HCOII 
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-O — SO* — Oil 


CHjCO — HXCII 

lie 


-O- 

11 
o II 


HC — C — C — C — C — COOII 
1 II 0 II II 

H 


Chondroitin sulfuric acid 


On hydrolysis it loses sulfunc acid and forms chondroitin The latter loses 
acetic acid to form chondrosm Chrondrosin on hj drolysis yields chon r 
saraine CHzOH(CHOH),CHNH 2 CHO and glucuronic acid COUtt- 
(CHOH) 4 CHO Chondrosamme is apparently a galactosaminc 
amino sugars are dealt with differently in metabolism from glucose or 
simple amino acids They apparently do not form glycogen in the body 
Chondromucoids in various tissues differ from each other in the character 
of the protein only Chondroitin sulfunc acid differs from the sulfunc 
acids found in the mucin of saliva, etc , in that the carbohydrate group 
in the latter is chitosamine (probably a glucosamine) It is of interest 
that chitin in the exoskelcton of certain lower animals is a poljsaccha 
ride containing chitosamine and acetic acid Chondroitin sulfunc acid 
is found in tendomucoid and apparently also in osseomucoid, which are 
thus closely related to chondromucoid 

It has been shown that a deposition of radioactivity in the knce-jouit 
cartilage of young rats follows the administration of radioactive sulfur 
in the form of sulfate This radioactivity was concentrated in the chon 
droitin sulfate (chondroitin sulfunc acid) fraction of the cartilage Thio- 
uracil and thyroxine influence the radioactivity pattern For example 
m animals pretreated with thiouracil the uptake of radioactive sulfur 
in the cartilage was reduced The administration of thyroxine counter- 
acted the action of thiouracil It was further shown through the use of 
isotopes that 0 134 g of chondroitin sulfate was formed per 100 g of car 
tilage in 24 hours The actual rate of sulfate formation was thus deter- 
mined for the first time 

Chondroalbumoid is similar in some respects to elastin and keratin 
It differs from keratin in being digestible by proteolytic enzymes and in 
containing considerably less sulfur than any member of the keratin group 
It giv es the usual protein color reactions 



Chap 0 Epithelial ajsd CowtcrnL Tissues Bone ind Teeth 


249 


EXPERIMENTS ON CARTILAGE 

1. Preparation of CAondrofrm Sulfuric Acid from Chondroniucoid. Free 
nasal septa of cattle from bone and other extraneous material. Run 200 g. of 
the material through a meat chopper Add 400 ml. of 2 per cent NaOH Let 
stand for 2 days. Strain through cloth. Treat the residue again with 200 ml 
of NaOH for 2 days. Strain. Wash the residue once with water. Combine the 
extracts Acidify with aceticacid and then add an excess of barium carbonate 
Concentrate on the steam bath to half the volume Pour off the clear liquid 
Filter the remainder on a folded filter and add filtrate to the decanted solu- 
tion Acidify Evaporate to about 80 ml. Centrifuge to remove protein and 
barium carbonate Drop the clear yellow liquid into 8 volumes of glacial acetic 
acid kept vigorously agitated (preferably with a turbine). Filter off the acid 
potassium salt with suction. Wash with glacial acetic acid and then with 
alcohol and ether. 

Dissolve 8 g. of the product which still gives a slight biuret test In 400 ml. 
of water, and while the solution Is kept stirred drop in basic lead acetate 
solution to complete precipitation Wash the precipitate several times by 
rubbing in a mortar with water and filtering with suction Dissolve the pre- 
cipitate in 10 per cent HC1. To the filtrate from the lead chloride add glacial 
acetic acid to precipitate all of the chondroitin sulfuric acid. Wash with 
glacial acetic acid, alcohol, and finally ether 

2. To Show the Presence of Sulfuric Acid and of Reducing Sugars in Chan- 
drotnucoid Treat 50 g of cartilage from nasal septum of the ox or cartilage 
rings from trachea of the ox with 100 ml of 1 per cent NaOH and let stand 
over night Pour off 50 ml of fluid, add 5 ml of concentrated HC1 and boll for 
30 minutes, bringing down to a low volume To one portion add BaCh solution 
and note the precipitate of BaSO< Neutralize another portion with sodium 
carbonate and apply Benedict's test to show the presence of a reducing car- 
bohydrate group 

OSSEOUS TISSUE (BONE) 

Bone contains from 14 to 44 per cent water, depending upon the type 
of bone and its location m the body Of the fat-free dry matter of bone, 
from 30 to 50 per cent is organic, and the remainder inorganic Typical 
analyses of bone are giv en m Chapter 35 in connection w ith the discussion 
of rickets and vitamin D 

The organic portion of bone is similar in composition to cartilage It 
contains collagen (ossem), osseoalbumoid, and osseomucoid These pro- 
teins resemble the corresponding proteins m cartilage and tendon Be- 
cause of the collagen content, gelatin is formed when bone is boiled with 
dilute acid The bone marrow also contains fat 

The inorganic material of bone consists chiefly of calcium, phosphate, 
and carbonate with small amounts of magnesium, sodium, strontium, 
lead, citrate, fluoride, hydroxide, and sulfate These substances are pres- 
ent m amounts which correspond to 84 per cent Ca s (P0 4 ) 2 , 10 per cent 
CaCOj, 2 per cent Ca»(citratc)», 10 per cent MgsCPOi)*, 1 0 per cent 
MgCOj, and 2 0 per cent Xa 2 HPO* This composition is by no means 
constant Wide variations have been encountered For example, the molar 
proportions of PO* CO» can be anywhere from 1 8 to 3 4 These changes 
in composition are related to changes m the PO< CO* ratio of bloo 
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Fia. 69. Micrograph of Cortical Done. 

The diaphysis of a cat’B femur autoclaved, agitated m blender, and subjected to 
ultrasonics. The two bacteria are Bacillus aeroyenes and give an idea of the relative 
Bile of live crystals in relation to bacteria Magnification 34, GOO. 

Courtesy, tt A. lUibimon and F. W. Bishop, and Science. 


dimension 1 * seen in the electron microscope being about 500 X 250 X 100 
Angstrom units (Fig. G9). 

Because of this small size, the bone crystal offers a large surface that 
can adsorb other compounds than those which account for the crystal 
lattice itself. Evidence for this theory was the preferential solubility of 
carbonates and citrates in bone. There are many alternative theories, but 
the one which appears to be most acceptable is that of Hendricks, who 
visualizes the crystal structure of bone salts as due to hydroxyapatite 


» Solid. Hoc Ven msclier, and Kramer- J Itiol Chem., IS*. 475, and 159. 159 (1945). 



Chap. 0 Epithelial and Connective Tissues: Bone and Teeth 


251 


Caio(P 04 )e(OH) 2 , in which F may replace OH, with the rest of the com- 
position held by surface forces (Fig. 70). 

Despite the possible variation in bone composition indicated in the dis- 
cussion above, under some conditions the inorganic material of bone is 
rather constant in composition. Observations on the constancy of com- 
position of bone during fasting are of inteiesfc in this connection. The 



Fig 70 Schematic Indications of Surface Compound Formation in 
the Bone Salt. 

Courtesy, S D Hendricks, "Comments on Crjstal Chemistry of Bone" from the 
Fourth Conference on Metabolic Interrelations of the Josish Macy, Jr Foundation. 


percentage composition of the dry fat-fiee femurs of two dogs, after the 
animals had fasted for 104 and 14 days respectively, was as follows: 


Dog No. 

Length of Fast j 

Ash 

/V 

Ca 

Mg 

P 

1 

104 days 

61 5 

4 6 

23 3 

0 5 

12 S 

2 

14 day s 

61 7 

4 1 

23 2 

0 5 

12 9 


The marked uniformity in composition notwithstanding the wide var- 
iation in the fasting periods is significant. The tensile strength of the 
femur of the dog has been found to be at least 25,000 pounds to the square 
inch whereas that of oak is 10,000 and that of cast iron 20,000 pounds to 
the square inch. 

The percentage compositions of normal human bone and of bone from a 
case of osteomalacia with respect to certain elements are given in the 
following table: 
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Constituent 

htnd of Done 

\onnal | 

Osteomalacia 

Calcium 

20 2 

10 8 

Magnesium 

0 X j 

0 3 

1 1 o«phorus 

8 f> ! 

a 3 

Silfur 

0 1 1 

0 G 


Hammett has .show n m the case of albino rats that there is an increase 
in calcium and a decrease in magnesium and phosphorus during the first 
7o days of growth Moreover the bones of the female have a higher cal 
cium content than the bones of the male 

Chemistry of Ossification. Evidence from many sources indicates 
that there is an active metabolism in bone The mineral matter of bone 


may be drawn upon m case of need elsewhere, as in the formation of mdk 
by the lactating animal and in the formation of the bones of the fetus 
during pregnancy This utilization of bone material should be regarded 
as a resorption of bone rather than a simple decalcification since both 
the organic and inorganic components of bone disappear during the 
process Studies with radioactive phosphorus as a tracer 10 have shown that 
immediately after the introduction of radioactive phosphorus into 
the blood there is an appreciable uptake of the labeled phosphorus by 
the bones, indicating a turnover or metabolic interchange between the 
bone and plasma or lymph phosphorus During a 50-day period m the 
life of the rabbit, for example, half the scapula may be replaced, with a 
JO per cent turnover of the epiphyseal phosphorus, diaphyseal bone mc- 
tabolism appears to be considerably slower There are indications of a 
Sl,f t'°“ °, bo , nc whlch 13 m equilibrium with the plasma and a 
stable fraction which is in equilibrium with the labile portion 

am ? m ° f cal 9^ Catu>n » n «t clear That the solubility product 
pnnaplo operates is indicated from studies o[ healing nckets m vivo as 
Unt,1 . thc product of the ionic concentration of cal 
emm and phosphate exceeds a minimum is there any nee. mineralization 

he trtoTaU hone raCh,tlC b t,° ne ' art " a S e “»« This nunlum is not 
tne same lor all bones, as is shown in the table below » 


Tub Solubility product 
Principle and New 
Calcification 
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Thus one must postulate the existence of local factors m the calcifying 
site whose concentration determines the level at which the solubility prod- 
uct operates Several explanations have been offered for the nature of 
this local factor Phosphatase, present m bone cartilage, has been sug- 
gested as the enzyme which on splitting organic phosphate causes super- 
saturation of calcium phosphate, thus promoting precipitation It has 
also been suggested that glycogen and the enzymes responsible for phos- 
phorylative glycogen olysis provide both the organic phosphate and the 
local mechanism More recently, however, Sobel advanced the \ien 
that a mucopolysaccharide, chondroitm sulfate, is the local factor, based 
on (1) the presence of this compound at the site of mineralization , (2) the 
observation that when phosphatase and enzymes of the phosphorylative 
glj cogenolj sis are destroyed by heating and other measures, bone sec- 
tions will still mineralize, (3) studies of the reversible inactivation of the 
ability of bone to calcify m vitro, by cations such as Be ++ and Cu ++ as 
inactivators and Ca** as the reactn atiug ion 

Vlthough the precipitate found in bone is composed of [Ca 3 (PO<) 2 )a 
CaCOs (a = 1 8 to 3 4), studies of the physicochemical mechanism indi- 
cate that the first aggregate formed is CaHPO* which is rapid Ij trans 
formed to hydroxyapatite So far however, no direct evidence has been 
found for the existence of CaHPO* in bone 

Vitamin D promotes calcification especially when added to rachito- 
geme diets Under the influence of the antirachitic ritamui, the serum 
Ca X P product becomes elevated as shown below 


Influence of Vitamin D on Serum Ca and P* 
(Mean Values) 


Diet per cent 

Serum mt 

7 per cent 


Ca 

P 

Ca 

P 

Cot 

Pt 

1 20 ! 

0 12 

11 7 

2 1 

13 3 

3 4 

0 10 

0 12 

9 4 

4 7 

11 1 

6 0 

0 03 

0 76 

5 6 

7 5 

S 8 

8 4 


23-dai -old rats on a rachitogemo diet for 30 daj 5 
t Hcceinng 100 units of vitamin D daily 
P «» inorganic phosphate 

This deration in serum Ca X P is probably the mam reason for the ef- 
fector eness of vitamin D In diseases like Fancom’s rickets iu which this 
elevation of scrum Ca X P does not take place, the rachitic condition 
persists Though the mode of action of vitamin D is not fully clear, there 
is both increase in the absorption of calcium from the intestinal tract and 
increased resorption of phosphate from the kidne> Both of these effects 
of vita mm D would tend to elevate serum Ca X P and thus promote 
calcification The finding of a high phosphatase content of the blood m 
osteitis deformans, rickets, and other generalized bone disorders, and a 
decrease of phosphatase in the tissues of the animals fed a diet high 111 
vitamin D, are of interest in this connection Calcium metabolism and 
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deposition are also influonecd by the endocrine glands (see Chapter 20, 

Hormones) 

EXPERIMENTS ON OSSEOUS TISSUE 

1 Dccalafication oj Bone Treat a .trip of rib bone with dilute HN°i i 
permit it to soak tor 0 to S day., renewing the acid etery 1 to 2 Ja> 
complete decalclfication, wash the bone, .pllt It. and remote the 
how cut the bone into .mall piece., tta.h it to remote acid, and Do I. 
material In water tor at least one hoar Filler, concentrate the ■«> • 
and permit it to cool tVhat la the characteri.tlc ot the cooled filtrate; 
has been produced from the bone? 


2 Qualitative Analysis oj Done Ash Take 1 g. of bone ash in a small beaker 

and add a little dilute nitric acid What does the effervescence Indicate / » 
thoroughly, and when the major portion of the ash is dissolved add an eq 
volume of water and filter. To the acid filtrate add ammonium hydroxide 
alkaline reaction A heavy white precipitate of phosphates results. ( 
phosphates are precipitated here by the ammonia?) Filter and test the ifi 
for chlorides, sulfates, phosphates, and calcium Add dilute acetic acid to 
precipitate on the paper and test a little of this filtrate for calcium and P“°* 
phates Heat the remainder of the filtrate to boiling and add (NII«)iCOi an 
N1I,C1 slowly to this hot solution as long as a precipitate forms. Filter off * 
precipitate of CaCO>and wash with hot water until free from alkali. 1 * To t 
filtrate add a solution of NajlIPOi, make strongly alkaline with NII*OH» an 
note the formation of a white precipitate of ammonium magnesium phos 
phate (NII«MgP0 4 ) Examine the cr>stals under the microscope and comp arC 
with those shown in Fig 226 To the precipitate on the filter paper, which w_a * 
insoluble in acetic acid, add a little dilute hjdrochlonc acid and test this last 
filtrate for phosphates and iron 


Reference to the scheme below may facilitate the analysis. 


Bone Ash 

\dd dilute nitric acid stir thoroughly, and after the major portion of the ash hai 
been brought into solution add a little distilled water and filter 


Treat 


Residue 1 Filtrate I 

(Discard) kdd ammonium hj droxide to 

alkaline reaction and filter 

' l 


Residue II 

Treat on paper with acetic acid. 

I 


Residue III Filtrate HI 

on paper » ith hydro- Test for 

chlonc acid. 1 Phosphates 

1 2 Calcium 

3 Magnesium 


Filtrate II 
Test for 

1 Chlorides 

2 Sulfates 

3 Phosphates 

4 Calcium 


Filtrate IV 
Test for 
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Microestimation oi ihe Inorganic Constituents of Bone 13 Sobel 
ct al , ha\ e described a scheme foi analysis of C0 3 , Ca, P, and total base 
which, is serial in operation and requites only one weighed specimen The 
complete analysis can be performed on as little as 5 mg of sample. 



Fro 71 Schematic Drawing op a Tooth and the Surrounding Structure 

Courtesy, Zeixr and Nuckolls Dental Anatomy SL Louis C % Mosb) Co 1919 p 2o. 


TEETH 

Composition. Teeth are composed of four tissues enamel, dentm, and 
cementum which are highly calcified, and the dental pulp which lsun- 
calcified and is surrounded by the dentm (Fig 71). Enamel covers the 


'* Sobel Rockenmachor. nnd Kramer J, Biol. Ckcm , 152, 255 (19441 
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dentm in the crown of the tooth It is the hardest substance m the body 
and contains the smallest amount of water Cemcntum contains about 3U 
per cent organic matter It co\ers the dentin in the root of the tooth, 
which is contained m the supporting structures known as the penodonta 
tissues These tissues, which include the gingiva and alveolar bone, holu 
the teeth in line The periodontal membrane, which is adjacent to the 
cementum, connects the teeth to the gingiva and alveolar bone 
The average composition of human enamel and dentm is shown in the 
following table 


Composition or Human Enamel aw> Dentin 


Constituent 

Enamel j 

Dentin 

Per Cent on Dry Basts* 

Ash 

07 

72 

Calcium 

35 S 

20 5 

Magnesium 

0 4 

0 8 

Sodium 

0 7 

0 2 

Potassium 

0 3 

0 07 

Phosphorus 

17 4 

12 7 

Carbon dioxide (from carbonate) 

2 8 

3 0G 

Chlorine 

0 3 

0 03 

Fluorine 

0 0112 

0 0204 

Iron 

0 0218 

0 0072 

Organic matter 

1 

20 


U*uill> 1 eated before aoaljws was included in the weight from which calculations were 
dentin™ pe/r<?n,a *® "* * uci * c " mh “ ie<1 wale «' >» approximately 2 for enamel and 8 {or 

The a\crage \alucs for the composition of whole human teeth are 
shown m the following table 


H hole Human Teeth 
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On the basis of chemical analysis, it was thought at one time that 
most of the calcium and phosphorus in the dental tissues existed as 
Caj(PO*) s , a view formerly held also for bone. However, x-ray crystal- 
lographic studies suggest that the crystal structure of most of the cal- 
cium phosphate in the dental tissues is similar to that of hydroxyapatite, 
Caio(P04)6-(OH) 2 . The striking similarity of x-ray diffraction photographs 
of hydroxyapatite and enamel is shown in Fig. 72, which contains also the 
photographs of fluoapatite and chloroapatite. There is some evidence 14 
which suggests that in the case of dentin and cementum additional phos- 
phorus in the form of either POf or HP07 or some other ion involving 
phosphorus is occluded in the hydroxyapatite molecule. The apatite salt 
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Fig. 72. X-ray-Diffraction Photograpus 
(a) Human dental enamel, (6) hydroxy- 
apatite, (c) fluoapatite, (d) chloroapatite 
From Tbenlu, Clock and Murray: Tram. Faraday 
Soc. 35, 358 (1939) 

mown as tricalcium phosphate hydrate, w hich has been claimed by some 
o be the main inorganic salt m dentin and cementum, is probably hy- 
Iroxyapatite with occluded phosphate ion. It is claimed that smaller 
imounts of carbonateapatite, chloroapatite, and fluoapatite are present 
n enamel, and that dentin contains some fluoapatite. A portion of the 
sodium, potassium, and magnesium in the dental tissues may be part of 
;he apatite lattice by substitution for part of the calcium. Enamel and 
dentin on spectrographic examination have been found to contain nu- 
merous trace elements, including aluminum, barium, boron, chromium, 
copper, lead, lithium, manganese, nickel, silicon, silver, strontium, tin, 
titanium, vanadium, and zinc. 

The electron microscope as well as x-ray studies reveal that the crys- 
tals of enamel are larger than those of bone or dentine. 

The composition of growing teeth can be influenced in a predictable 
manner, high-carbonate teeth being produced on a high-calcium, low- 
phosphate diet and low-carbonate teeth on a low-calcium, high-phosphate 
diet. ls Evidence to date indicates that liigh-carbonate teeth are more 
Susceptible to caries. 16 


11 Posner and Stephenson: J. Denial Research, 31, 371 (1052). 

J »Sot>el and Ilanok: J. Biol- Chem , 176, 1103 (1&48). 

" So be] . Fourlh Jonah Mocy Confcrrnce on Jfdaitoho InJrrrelalions, 1952, p. 261. 
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Tin. organic matter of enamel co.ia.at. ma.nl> of the proton ' 
v.hich on the bans of the proportion of hi-tnline l}«nc, ™ » . 

of cukcratin nature (see p l&i) &m .11 amount* of eholeattrol ana p 
nholip.de are al o present Tl.e all.um.no.ds collagen and o'" 1 , 

found ill dentin, collagen representing the major organic cons ‘ 
this tissue Gl> . ..protein is present in dentin along ruth smal am ^ 
of cholesterol .tnd pho pholipide Collagen w the main or^a ^ 

uenfc of cemcntum Citrate has lw.cn identified as a constituent o 
teeth, h\e to eight times more !>ung present m dentin than m c 


CiiRusoLour or Uluas Dlstition 
(L ogan and Kronfcld fcligl tly modifit 1 by McCall and Schour) 


Tooth 

h 1 rU ewlti cc 
of calcification 

h riarrul 
compute 1 

Hoot 

completed 

D sciduous 

Antral incisor 

mos in uU ro 

mos 

Vi 2 yrs 

denliti n 

literal incisor 

4)- 2 mas in ultra 

o mos 

V /2 2 yrs. 


Cusp d 

o iiios in ulcro 

J mos 

2h 3 yrs 


hrst m lar 

o mos in utero 

6 mos 

2 2 l i >« 


Second im Ur 

0 mos in utero 

10-12 mos 

1 yrs 

Permanent 

dentition 

Lppcr 

Central incisor 

3 1 mos 

4-3 yrs 

10 yrs 

jaw 

lateral incisor 

lyr 

4 o yrs 

11 yrs 


Cuspid 

4 j mos 

G-7 yrs 

13 to yrs 


Hrst 1 icuspid 

l'i IK yrs 

5-G yrs 

12 13 yrs 


Second bicuspid 

2 2K yrs. 

G 7 yrs 

12 14 yrs 


First molar 

At l irth 

2*2 3 y rs 

0-10 yrs 


Second molar 

2 M 3 yrs 

7 8 y re 

1 1 — 1 G yrs. 


Third molar 

7 9 yrs 

12-1G yrs 

18-2o yrs 

Loner 

1 Central incisor 

3-4 mos 

4-o yrs 

0 yrs 

jaw 

1 lateral incisor 

3-4 mos 

4-o yrs 

10 yrs 


j Cusj id 

j 4-o mos 

G-7 yrs 

12 14 yrs 


1 First b cuspil 

I IK 2 yrs 


12-13 yrs 


| Second bicuspid ] 2^ yrs 

G-7 yrs 

13-14 yra 


First molar 

\t birth 

1 2*2 3 yrs 

9-10 yrs 


Second molar 

|2K 3 yrs 

I 7 8 yrs 

14-15 yrs 


Third molar 

8-10 yrs 

J 12-1 G yrs 

1 18-2o yrs 


Several investigations have l>een made in an attempt to ascertain 
whether differences in chtmiral composition exist between enamel of 
sound teeth and the intact enamel of carious teeth No significant differ 
enccs were found for the contents of calcium, magnesium, phosphorus, 
and carbonate Similar studies on dentin have likewise given negative re- 
sults On the other hand it has been reported* 7 that enamel from sound 
teeth contains significantly more fluorine than does the sound enamel 
from cari ous teeth although no difference w as found for dentin IIow ev cr, 


Aiiiutrone and Brekb u J Denial IUmotcK 17 3J3 (193*) 
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this difference between sound and eanous teeth was not found m all locali- 
ties where these determinations were made 18 (See p 262 for additional 
data on the relationship of fluorine and teeth ) No difference w as found 
m the ash, calcium, and phosphorus contents of the root dentin of teeth 
from pregnant and nonpregnant women, this fact suggests that there is 
no basis for the view that mmeials are withdrawal from the teeth during 
pregnancy Furthermore, clinical investigation has show n that the inci- 
dence of dental decay m pregnant w omen is no greater than m nonpreg- 
nant women of corresponding age 

Chronology of Dentition. The ages at which the deciduous and per- 
manent teeth begin to calcify and are completed arc show u m the table 19 
on p 258 

In a study of calcification of teeth at birth, it was found that all the 
teeth of both jaws contained approximately 212 mg of calcium and 
10b mg of phosphorus At the time of birth the lateral incisors, the 
cuspids, the first deciduous molars, the second deciduous molars, and the 
first permanent molars contained respectively 20, 7 5, 21, 11, and 0 1 per 
cent of the calcium present m the fully erupted teeth These data thus 
indicate that the postnatal period is of far greater importance than the 
pi enntnl period in the calcification of the deciduous as well as of the per- 
manent teeth 


SYSTEMIC EFFECTS 

In studies dealing with the response of the dental tissues to systemic 
influences it is important to distinguish between the developing and the 
adult teeth, and beta een the dental tissues of limited grow th, as in hu- 
mans, and those of continuous growth like the incisors of rats A great 
deal of confusion has been caused by failure to recognize this distinction 
Adult teeth of limited growth are probably only slightly affected by 
systemic influences That such effects may occur is suggested by studies 
m which radioactive isotopes have been used For example, it was shown 
that following the ingestion or injection of sodium phosphate containing 
radioactive phosphorus, small amounts of the isotope appeared in the 
enamel and dentin, but much smaller amounts were present in the former 
than in the latter However, the slight extent to which this occurs is 
shown by the fact that after the ingestion of 900 mg of sodium phosphate 
containing isotopic P by an individual twenty-five years of age, about 
1/300,000 of the labeled P entered a single tooth On the basis of such 
data it was calculated that the replacement of 1 per cent of the total 
tooth phosphorus by that taken up m food would take about 250 days 
For the proper calcification of the teeth the diet must contain adequate 
quantities of calcium and phosphorus and certain vitamins Some of the 
hormones likewise play a fundamental role 
Vitamins, Calcium, and Phosphorus. The presence of vitamin A is 
essential to the process of tooth formation Dietary deficiency of this 
vitamin during the period that the teeth are undergoing de\elopment 

M McClure J Denial Jletearch 27. 2S7 (194S) 

'* Logan and Ivronfcld Unto pathology of the Teeth and TAeir Surro tmhng hlruclurtt 
revised and re-edited b> Bojle Philadelphia Lea t lehigcr, 1949 p 41 
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causes the ameloblasts (enamel forming cells) to atrophy, resulting 
hjnoplastic (incompletely del eloped) enamel which is imperfectly cam 
Bed There is also atrophy of the odontoblasts (dentm-forming cells) 
that the dentin laid down is also incompletely calcified It is claimed t 
the pnmary effect is on the enamel, irregularities in the development o 
the dentin being secondary to the enamel hypoplasia Deficiency o vi 
nun A m rats has been found to produce an increase in the percentage oi 
magne«ium in the incisors in spite of the fact that the ash content is e- 
creased \ characteristic effect of vitamin A deficiency namely , the su 
stitution of stratified keratimzmg epithehum for normal epithelium—" 35 
been observed m the gingiva Malformation of alveolar bone has been 
produced in dogs by feeding them vitamin A-deficient diets 
Vitamin G is also important for the functional activity’ of the form** 
tivc cells Dietary deficiency m vitamin C during the period of tooth 
development causes impairment of the odontoblasts, leading to defective 
calcification of the dentin accompanied by hemorrhagic and degenerative 
lesions m the pulp tissue The changes in the dentin and pulp have been 
attributed to an inability to produce and maintain intercellular sub- 
stance Defective enamel formation, which has also been observ ed, is said 
to be secondary to retarded dentin deposition Pathological changes m 
gingival tissue have been demonstrated to be due to deficiency of vitamin 
C in the diet These conditions, as well as those in the teeth themselves, 
have been shown to respond favorably to the addition to the diet of 
vitamin C 


r> 


The degree of mineralization of the teeth depends on the relative as 
well as on the absolute quantities of calcium and phosphorus in the diet, 
and also on the amount of vitamin D or exposure to ultraviolet rays. 
Even with optimal quantities of calcium and phosphorus the presence of 
vitamin D is essential to the development of perfect teeth Hypoplastic 
defects in the enamel and imperfect calcification of the dentm hav e been 
found in nchets m children It has been reported that an increase m the 
vitamin D intake brings about a reduction m the incidence of dental de- 
cay in children Similar results have been produced in rats by adding 
vitamin D to a cancs-producing diet 
Although both teeth and bones are highly calcified tissues, metabolic 
effects m the one do not necessarily parallel those in the other For ex- 
ample, although the percentage of ash of the incisor teeth of rats fed a 
low -calcium, low -phosphorus diet was lower than that of animals on a 
normal diet, the absolute amount of ash on the deficient diet increased 
about lo per cent during a period of nine weeks In the normal animals 
there was an increase of 77 per cent But during this period there was a 
reduction of 10 per cent in the absolute amount of ash m the femurs of 
:r r ; l £ e deflclcnt the normal animals there was 

38 *** “f.V theTO a continuous deposition of 
th P oa the deficient iet, while bone under- 
went demineralization Furthermore although the percentage of ash cal- 

IT* t kJSSK, tSi 

WcJc m„ h?eh ‘ 1 ™-P>.o-ph<m., rachitic d.et, and on a 

ion-calcium high-plio-phonu rachitic diet the tallies for these conatit- 
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uents arc unaffected in the incisors of the rats on the high calcium diet, 
but are somew hat reduced on the low calcium diet These facts indicate 
that in some fundamental way there is a marked difference between the 
mineral metabolism of teeth and bones 
Hormones Normal tooth growth requires an adequate supply of thy- 
roxine Hypothyroidism m children causes letardation m dental develop- 
ment although no structural defects of the teeth have been detected m 
this condition (Structural defects and impaired calcification have, how- 
ever, been found after thj roidectomy m monkeys and rabbits ) Reduced 
activity in the thyroid gland during morphodifferentiation, that is, m 
utero or in the first year of life, results m a reduction of the size and an 
alteration in the form of the crow ns of the teeth The size and form of the 
root may be altered by disturbances in the thyroid gland in later periods 
In hypothyroidism there is delayed resorption and shedding of the decid- 
uous teeth, whereas in hyperthyroidism which is relatively rare in chil- 
dren there is early shedding of the deciduous teeth and accelerated 
' intition 

Deficient parathyroid function may interfere with calcium and phos- 
10 ms metabolism to such an extent that grow mg teeth fail to calcify 
operly If this occurs in infancy, enamel hypoplasia and disturbances 
the calcification of dentm occur in the tissues calcifying at that time 
i eNperunental hypoparathyroidism m rats the incisor teeth, which grow 
iroughout Ufe in this animal, become brittle and distorted, whereas fully 
rmed enamel and dentm show no changes Administration of para 
lormone to paratbyroidectomized rats results m normal calcification of 
le enamel and dentm calcifying during the penod of treatment, but does 
Dt restore to normal the structures that were formed m the absence of 
arathyroid function In hyperparathyroidism although calcium and phos- 
liorus are withdrawn from bone there is no such withdrawal from the 
,>eth The teeth may become loose &s a result of resorption of alveolar 
one, but the teeth remain well calcified in spite of the severe dram upon 
one 

The pituitary gland plays an important part in the rate of devclop- 
lent of the teeth Dysfunction of this gland usually does not occur before 
to 6 years of age, that is, before the crowns of the permanent teeth (e\ 
apt the second and third molars) are fulfy formed Since eruption of the 
acth is retarded, the clinical crown may be smaller than normal How 
ver, the size of the anatomic crown is not affected Juvenile dental char 
cteribtics persist as shown by large pulps and incompletely developed 
oots Disturbances occur in the calcification of the dentm and alveolar 
•one One of the mam dental effects m hyperpituitarism is an acceleration 
a the rate of eruption of the teeth 

In experimental hypogonadism in the male rat, evidence of disturbed 
alcification was apparent 60 to 90 days after castration The male hor- 
aoue therefore appears to have an effect on the calcification of teeth 
n hypergonadism in humans, growth, calcification, and eruption of the 
ceth ate accelerated, but not to the same extent as is skeletal growth 
Disturbances of the calcification of growing dentin have been reported 
o experimental adrenalectomy in the rat 
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FIUORINE VND 1 EE Til 

The mas 3 occurrence of a characteristic dental defect know n as j 

-d or dental fluoro - was about 1U0S m he “ 

Colorado =pnn t s (pproximatclj SO per cent of tho-e "ho nmo to ^ 
raised m this eoramumtj were affected to some decree Ibo*. 
to the locality after their teeth had been eompletclj formed > « rc 
afflieted with mottled enamel after residence there hurt ej . , 

communities revealed a similar dental defect \nalj sis of the "aterm<“ 
communities where mottled enamel was found revealed t lc p 
eecessive amounts of fluoride Vt bauxite, Vrhansas for exa p > 
fluonde content of the water was If to 14 parts per million (If to 1 1 m„ 
per liter) a condition which was subsequently remedied 

Enamel fluorosis is limited to children in whom the enamel oi tne p*- 
manent teeth has not been completed Enamel formation is comp e 
except for the third molar, during the «c\cnth to eighth year It is c ” 
pletcd in the third molars between the twelfth and Mxtccnth years 
disease is characterized by chalky white patches distributed o\< r the c 
amel, which is pitted and corroded in extreme cases resulting in lo-s 
the normal transluccncy The fluorine content of mottled enamel ma> 
two to three times that of normal enamel the fluorine content of dentin 
la likewise increased when water containing excessive amounts of fluonde 
is ingested during infancy and childhood 

It was found that in communities where dental fluorosis cxintcd there 
was less dental decay than in comparable communities where the water 
was practically fluonde-free In one town where the water supply con 
tamed 1 8 parts of fluonde per million parts of water there was about 
one-third as much dental decay as in a comparable group of children in 
another town where the water was almost fluonde-free About oO per cent 
of the children who were raised in the former community showed a mild 
dental fluorosis On the basis of this early evidence and sub^-equent 
studies many cities and towns are now adding fluonde to the water sup- 
ply in an effort to reduce the incidence of dental canes Fluonde is added 
to bnng the concentration up to approximately 1 part per million, a lev el 
at which dental fluorosis is av oidcd From the fav orable reports regarding 
reduction of dental canes following this procedure the addition of fluo- 
nde to water to the level of 1 part per million appears to be a worthwhile 
pubbe health measure 

Ynother effort to reduce dental decay has involved topical application 
(application directly to the teeth) of from 0 1 to 2 per eent solutions of 
sodium or potassium fluonde According to sev tral reports 10 the ineidence 
of dental canes has been material!} reduced by this procedure other re- 
ports have been negative However the evidence in favor of topical ap- 
plication of fluonde solutions appears to outweigh that against it In thus 
connection it is of interest to note that topical application of a 2 per cent 
sodium fl uonde solution to the teeth of dogs has been found to increase 
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the fluoride content of the teeth to a significant degree. 21 Furthermore, 
enamel which has been treated with fluoride solutions is less soluble in 
acid than untreated enamel, 22 a fact of importance because in the process 
of dental decay, the mineral salts of enamel, and later of the dentin, are 
dissolved by acids which form as a result of the action of enzymes on 
carbohydrate. 

EXPERIMENTS ON TEETH 

Analysis of Teeth . Place a tooth in 25 ml. of dilute nitric acid and allow to 
stand over night. On the solution obtained run an analysis for inorganic ele- 
ments according to the procedure given for bone ash (p. 254). Separate 
analyses may be made on dentin and enamel. Note the very slight amount of 
organic matter in enamel. 

Quantitative Analysis of Teeth. Weigh a clean dry tooth on an analytical 
balance. Put in a beaker, add 25 ml. of dilute HC1, and let stand over night. 
Dilute to exactly 100 ml. and filter. 

Determination of Calcium. Plpet 10-ml. portions of tooth solution into 
each of two 250-ml. beakers. Add to each 20 ml. of 2.5 per cent oxalic acid 
solution, 2 drops of methyl red (saturated alcoholic solution), about 70 ml. 
of distilled water, and then concentrated NH t QH drop by drop with vigorous 
stirring. When a precipitate of calcium oxalate begins to form add more am- 
monia very slowly until the color changes to an intermediate color between 
red and yellow. Let stand over night. Complete the determination according 
to directions in Chapter 31. Calculate the percentage of Ca in the tooth. 

Determination of Phosphorus. Pipet 10 ml. of tooth solution Into a 150-ml. 
beaker, add 2 drops of phenolphthalein solution and NaOH until the color 
just turns faint pink. Carry out a uranium acetate titration or determine 
colorimetrically according to the directions given in Chapter 31. Calculate 
the percentage of P. 
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Muscular Tissue 


COMPOSITION OF MUSCLE 

Muscular tissue const, lutes about 

is, therefore, the largest single “® , fi morphological charactens- 

great variability™ the physiological and finer morp 8 as striated 
?,cs of m dividual muscles but ,t ^“^“^'gj^ally, striated 
(skeletal, voluntary), cardiac and smoothmascLes^ „ espe - 

muscle has been investigated more extensively vu 

daily, smooth muscle , 7^ npr rent water. 20 per 

celt ^einTands'per cent oXr S such as inorganic salts and the 
so-called "extractives ” 

EXTRACTIVES OF MUSCLE 

Under the name ertracUus are classed a number 
which occur in smaU amounts in the tissue a, d m y e e tra y 
alcohol, or ether There are two classes ^ ‘^f^Xgenous com- 
Irogcnous and the mfrosenotM Grouped “ mo9ltolj an d fat In 

pounds are glycogen, hexosephosphate , nhosnliate purrne bases 

the class of nitrogenous extractives are crcatmephos^hata.pumi 

(xanthine, hypoxanthine), uric acid, adeny , these substances, 

sme (ignotme), anserine, and carnitine ( tm ' 1 there is evidence 
and many more, have been obtained from ^ muscle, ^ ^ ^ 

that some of them are produced largi el F P hving muscle Other 

are not present as such in significant a been descrlbe d, and 

extractives besides those enumerated a s undetermined 

there are undoubtedly still others " hose P?® nDro j t able in this place 
A detailed consideration w ould, however, be unprohtaoie 

NON-NITROGEN OUS EXTRACTIVES 

Lipldes. Like most organs, muscles ““^“^j^phosphohpldcs pro- 
to that in other depots) as ucU as esse that mamm alian mus- 

dominate among the latter It has i b b ^ a „ d 0 05 pe r cent 

clea contain on the average 4 a P” c “ „ h eart , these proportions are 
cholesterol, m terms of dry "eight le 3 and 0 75 per cent, respec- 

7 5 and 0 5 per cent, and for smooth muscle u an 

tively (Bloor) ... drate of muscle is the polysaccharide 

glycogen^ (see p^lf^p^d from muscle or ether tissue by 
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extraction ruth boiling water followed by precipitation "' ll > “ l “ b h “ 1 
such methods, opalescent solutions of amorphous glyi ogen are 
but by more careful procedures it can be show n that m the liv ,n S • ’ 

glycogen occurs in the form of submitroscopic granules, tompara e pe 
haps to \ egetable starch grains, although much smaller 

The glycogen content of muscle varies and is reduced by intense 
tivitj , but is not, as is liver gly cogen, significantly depleted as a resu 
a demand for carbohydrate elsewhere in the body Glycogen occurs a 
in the heart, its behavior in this organ is not the same as in skeletal m 
cle, and requires further study 

Hexosephosphates. Of the several existing hexosephosphates, res 1 g 
muscle contains only the so-called Embdcn ester This is an equilibrium 
mixture of glucose-G-phosphate and fructose- G-phosphate (see p - l /> 
the only intermediates of the glycolytic cycle which accumulate to an 
appreciable extent under normal conditions - 

Inositol occurs in muscle as it does in many tissues, but its mode o 
combination and its function arc unknown (see Chapter 35) 

Lactic Acid. This substance occurs in muscle in vanable quantity, 
dependent on the physiological state of the organ Resting muscle, after 
careful extraction, contains only very small amounts of lactic acid (e g » 
0 015 per cent in frog muscle) but it is found in larger amount after stim 
ulation, in anaerobiosis, and post mortem Rigor mortis is associated with 
lactic acid production and with depletion of adenosinetriphosphatc 


MTROGENOLb EXTRACTIVES 
Creatine. Crcatmc, mcthylguamdinoacetic acid, is found in varying 
HA— C N— CHiCOOH 

'! I 

AH CH, 

Creatine 


i 


amounts in muscles of vertebrates, frequently representing about 0 3 to 
0 5 per cent of the wet tissue The creatine of the body is maintained by 
sy nthesis of glycocy amine and its methy lation and a regular excretion of 
criatmo takes place m the form of its anhydride creatinine, in the 
unne, dependent somehow on the development of the muscular tissue 
In muscular dystrophies, whether spontaneous as in man or induced 
in animals by vitamin E deficiency, this creatine excretion is greatly 


hTt 8 , C ,°'°I 1 “ S “ onoclm « : P"MUS which are tasteless to some 
individuals but bitter to others and which decompose with marked effer- 
vescence at about 201 C (eorr) It is soluble in warm water and 
practically insoluble in alcohol and ether hpon boilum a solution ol 
~rtf^’ ,jdr ° ChW * ^ves 11 water and l ts ruihydndc, 

m!y h ZT f rr- ThOU ? h f Catmo u P rescnt ™ meat extracts and 
not cS ecnnderable activity, most of it does 

phocrcatinc fnleX t y . ' daXcd muscle ' but °ecurs here a. phos- 
pnoematme frequently about 2 millimoles per 100 g The discovery of 
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OH 

H0 — p — HN — C N CHs COOH 

& NH CH 3 

Phosphocreatine 

j_j u v *i ie observation that part of the ap- 

pho s phocreatme ^ as preceded y > rcahty present as a labile 

parent inorganic phosphate mm h-vdrolyzed by molybdic acid 

compound, called “etermmSron This phosphagen 



Fig 73 Creatine 

vertebrate animals, other phosphagens occur, ^ these » P p 

sss^SssfssS: 

oligonucleotides and their breakdown produc 

discuss only the adenosine polyphosphates emne _g_ nb oside, n(-)n- 

In all cases, the basic structure 13 “ de "° 5 ' d tenfied „,th phosphoric 

bose being the carbohydrate moiety This ..denosine-o-phosphonc 

acid at the 5 position of the r.bofuranose, to form^enosm^ ^ 

acid, also known as adenosniemonophosph breakdown prod- 

myoadenylic acid Inosmic acid is a comm y . * Though the na- 

net of AMP, formed by deamination in «"■*££“* ™ JTgated, it 
ture of adenylic deaminase has e fiotlonj displays such 

appears that myosin, ei en after cousin 1 

enzymic actinty . . _™idiies in pyrophosphate hnk- 

By attaching (ATP) arc 

age adenosinediphosphale ( VD ) nnmmahan heart, ATP is 

obtained In resting muscle as well as in uie 
\ aturstoife 8, 06 (1951) 
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CH OH OH 


K-b-X CH-CH- 
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CH— CH- 


-CH, 


OH 
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o O O 


OH OH 
' o— P— 011 


Adenosmetriphosphate 


3NH* 

i i . 

HC C-> 
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OH OH 
CH— CH — CII— CHi — 0 — P 0 P OH 


OH OH 
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Adenosinediphosphate 

N=C NH, 

1 1 

HC C — N 

CII OH OH 

„ „ / II 

N— C— X CII — CH — CII — CH — CH*- 
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OH OH 
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N— C — X CH — CH — CH — CH — CH* 


-O - 


OH 

-O— P- OH 


OH 

-O— P— OH 

II 

O 


Inoslnlc acid 

the predominant form of the adenobine polyphosphates usually in a con- 
centration of about 0 5 millimole per 100 g 

Carnoslne. This substance is a dipeptide of histidine and the amm° 
acid 0-alanine, which occurs also in pantothenic acid (see p 35) Carno- 
sinc, often accompanied by anserine (methjlcamosine), is of w idespr eat * 
HO==C — CH,— CII — COOH 
I \ \ 

HN N NH CO- CHjCHr — NH* 

\ S 

CH 

Carnoslne 

<mum n co in ' ertehnte muscle, hut its function is not known * 

*du V5*Wiud siij Leiden* Krytbn PKjnU 41 , 917 (1933) 
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Carnitine is a betaine whicli gives tnmethylamine on hydrolysis Its 

(CH 3 ) s -N 0 

CHj — CHr— CH(OH) — CO 

Carnitine 

function in muscle is not known 

Glutamine. Skeletal and, particularly, cardiac muscle contain this 
substance m higher concentration than other mammalian tissues, 3 about 
0 1 per cent Its function is not known, but reference may be made to the 
discovery by Krebs* that glutamine is essential for the maintenance of the 
intracellular potassium in brain (For formula of glutamine, see p 145 ) 

INORGANIC SALTS 

The predominating inorganic cation of muscle is potassium, occurring 
in a concentration of about 0 11 molar It is accompanied by sodium, 
which, like the chloride ion, is mostly present m the tissue spaces rather 
than intracellularly Also significant are calcium and magnesium (about 
0 003 and 0 01 molar), which act as activators or inhibitors for many of 
the enzymes present These positive ions act in part as countenons for 
the negatively charged proteins, and are, for the remainder, paired with 
various phosphoric esters and other anions Free phosphate occurs, but 
is easily overestimated due to the lability of phosphocrentme The actual 
estimates differ for different muscles, but the results of Hastings for rat 
muscle may be taken as representative for mammalian muscle 5 

Approximate Composition of 1 kg of Mammalian Muscle 
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PROTEINS OF MUSCLE 

The protein composition of muscle must be discussed in relation to the 
microscopic structure of this tissue. We can divide the proteins into those 

* Archibald Chcm. Rett 31. 162 (1945) 

* Terner Eggleston, and Ivretis RiocJum J , 37, 139 (1950) 

1 Hastings, m Najjar A Symposium on the Clinical and Biochemical Aspects of Carho~ 
hydrate Utilization in Health and Disease Baltimore, The Johns Hopkins Press 1959 
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tion is commonly called stroma, and may consist, in ^part of 
of cell nuclei and connective tissue, including perhaps t 

^Proteins of the Sarcoplasm. If a muscle » perfused to remote .Mood, 
and is then minced and subjected to h.gh pressure a press ju ice > 
tamed tthich contains about one-fifth of the protein of the nunccd m 
This press juice is probably dented from the sarcoplasm Its mam P 
terns ttere formerly called myogen and globulin X (Weber), M 

protein has not received further attention Myogen is now re & 
a collective name for a number of water-soluble proteins, and ^ P 
able that this fraction is made up entirely of various enzy mes 
In more complete yield, the proteins of the myogen group can 
tamed by extracting minced muscle with water or dilute salt so 
(e g , 0 15 molar KC1) It is then found that about 30 per cent of the muj 
cle protein is contained m this fraction Such extracts have been anaij 
with the aid of electrophoresis, and this method too has shown the co 
plexity of the so-called myogen (Dubuisson) 

Myoglobin. A water-soluble protein which deserves separate metltl w 
is myoglobin This protein is similar to hemoglobin (notwithstanding 
fcrences in molecular weight (17,000) and other properties) in that it is ‘ 
heme protein which combines reversibly with oxygen Its affinity for i 
is higher than that of hemoglobin, so that the intracellular pigment 
be fully oxygenated at Oi tensions which cause unloading of the blow 
pigment The distribution of myoglobin between white and red mUS 5*^ 
has most interesting features correlated with physiological differences be- 
tween the muscles It may be said, m general, that myoglobin acts as a 
store of oxygen, although the functional meaning of this is not always 
clear 

Myoglobin can be released from muscles after crushing injury, because 
of the small size of the molecule, it is filterable through the renal glomeruli, 
and appears in the unne 

Proteins of the Fibnls. The two previous categones constitute nearly 
half of the muscle protein, the remaining half will now be discussed m 
detail This fraction, which corresponds to the protein constituents of the 
fibnls, can be extracted with concentrated salt solutions (e g , 0 5 M KC1)» 
and has been extensively investigated 
Myosin. When relaxed skeletal muscle is minced and immediately ex- 
tracted with 0 5 M KC1 for an arbitrary length of time at neutral or 
weakly alkaline reaction it is found that the extract in addition to the 
soluble sarcoplasm proteins contains a protein, called myosin , which can 
be precipitated by five fold to ten fold dilution of the extract and can be 
redissolv cd in 0 5 M KC1 Myosin solutions thus obtained are distm- 


llertwrt Got I n SubraSmanjaa and Green Btochtm 


J 34 , 1103 ( 1940 ) 
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giushed by a high viscosity and flow birefringence,' 1 but these properties 
are found to be variable and are largely determined by the duration of 
the extraction, prolonged extraction gives rise to a myosin with higher 
xiscosity and more intense birefringence of flow 8 

Actin. Further analysis has shown that these phenomena are due to 
the combination of myosm with a new protem, actin, 9 to form the com- 
plex, aclomyosm This combination takes place in later stages of the ex- 
traction as soon as the adeuosmetriphosphate m the system is decom- 
posed, but the release of actm is also promoted by \ery fine mincing 
Pure, actm-free myosin has been prepared in crystalline form by Szenfc- 
Gyorgyi Its \iscositj is moderate, and it shows no flow birefringence 
when tested with simple methods of observation Upon combination with 
actm, however, the viscosity increases greatly, and flow birefringence is 
pronounced 

Actm can occur in two forms, called globular (G) and fibrous (F) actm 
The former can be obtained by extracting acetone-dned muscle powder 
with water After addition of salt, the G— F transformation takes place, 
as evidenced by an enormous increase m viscosity and the development 
of a strong flow birefringence 9 These phenomena are ascribed to a sup- 
pression of molecular charges by the salt, whereupon the individual mole- 
cules unite to form long molecular strands 10 Only T-actm forms an acto- 
myosin wath the described characteristics 

Both actm and myosm are now available as apparently pure proteins 
For myosm, punty is achieved by carefully controlled precipitation pro- 
cedures The molecular weight of myosin has been difficult to determine, 
owing to anomalies in its behavior, but is now found to be GOO, 000, the 
molecule apparently being a rod 1500 A long 11 Actm has been purified 
by fractional ultracentnfugation of F-actm followed by careful depoly- 
menzation. to G-actin, the molecular weight is about 57,000 

Much remains to be elucidated about the exact state in which these 
proteins occur m the muscle fibril Electron microscopy has show n, how - 
ever, that long filaments, presumably actomyosm, run along the fibrils, 
and that other substances are spaced m a regular fashion, corresponding to 
the microscopically visible cross stnations and other structural details 13 
Tropomyosin. This protem was crystallized by Bailey after extraction 
from alcohol dried muscle Its behavior is opposite to that of actm m 
that it is aggregated m the absence of salt, but has its flow birefringence 
abolished by salt However, it is not known to be related to contractile 
phenomena 

There is a good deal of similarity in ammo acid composition betw con 
m>o&in, tropomyosin, and actm Apparently, these proteins are built on 
another pattern than seed, egg, or blood proteins 


* %on Muralt and EdsiU J Biol Clem S9 315 351 (1935) 

* Banga and Sient G> orgj 1 Stud Inal 1 fed Chem eged 1 o (1942) 

* Straub Stud Insl Me i Chem Sieged 2 3 (1942) 3, 23 (1943) 

'* ** Mommaorts J Biol Chem 193 4o9 (19a2) 

** Mommaorts and Kupp J Biol Chem (in press) 

11 Mommaorts J Biol Chem 198 445 (1952) 

** llozsa Szeut-G> orgj i andWjckoff Biochim Btophys 4 cla 3 561 (1949) Draper and 
H«dt,e 4 t-rir J Exp Biol Sc 27, 465 (1949) 
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BIOCHEMISTRY OF MUSCULAR ACTIVITY 

Our present knowledge of the chemistry «£. 
based upon the lntemiv e studies of many investigators over a > S P 
oftime Perhaps no other single phase of aiiimalb.oehcmis^hasso 
persistently attracted the attention of so many bl ° c b c “?^ 
gists Muscles from both warm- and cold-blooded ammab hav xe 
ftudied; skeletal, cardiac, and (to a leaser extent); smooth muscles ha 
been used; and studies have been earned out on the undated intact mur 
tie, muscle extracts, and enryme systems obtainable from 
The discussion which follows is a summary of present knowledge, 
sanly incomplete and subject to future revision, concerning the cnemi 
processes asoociatcd with muscle contraction. 


GLYCOLYSIS 

Glycolysis is the preponderant metabolic process in muscle under ana 
erobic conditions, but may also occur aerobically in those muscles wnic 
do not contain enough oxidative enzymes to fulfill the metabolic require- 
ments of increased activity. In the human body, considerable amoun ° 
lactic acid appear in btrenuous exercise; much of this lactic acid is recon- 
verted to glycogen by the liver. . . 

Glycogenolysis. Breakdown of glycogen can be effected hydrolytically 
by amylase, but this occurs in digestion rather than in tissue metabolism- 
In muscle and other organs, the breakdown is phosphorolytic instead oi 
hydrolytic, and is catalyzed by the enzyme phosphor ylase, which has been 
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isolated in crystalline form 14 and studied extensively in Con’s laboratory. 
This reaction may be visualized as shown, on p. 272. 

This reaction has a number of interesting features. It is an equilibrium 
reaction which leads to synthesis of glycogen if there is sufficient glucose 
phosphate relative to phosphate, whereas breakdown occurs in the op- 
posite case. The synthetic reaction requires a small amount of glucose 
polymer as a primer. In this phosphorylase reaction, an unbranched chain 
polymer is formed, with all glucose molecules linked by 1,4 linkages; this 
product is a linear starch, which stains blue with iodine. The synthesis of 
branched polymers with both 1,4 and 1,6 linkages (of which glycogen is 
an extreme example) requires the additional participation of a branching 
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factor. This enzyme causes the transfer of parts of straight chains to non- 
terminal positions. Phosphorylase cannot break 1,6 linkages; these are 
hydrolyzed by a special enzyme. 

Phosphorylase is known in two forms, a and b. The first of these is ac- 
tive as such; but phosphorylase b requires the addition of adenylic acid, 
which seemingly acts as a loosely combined coenzyme. It is probable that 
phosphorylase a, too, contains a nucleotide as its active group, but this 
is bound strongly, and is not identical with adenylic acid. Various tissues 
contain an enzyme that converts phosphorylase a into 6; this conversion 
is observed in muscles after exhaustive activity. 

Glucose- 1-phosphate is transformed into glucose-G-phosphatc by the 
euzyme ■phosphoglucomuta.se, crystallized by Najjar; glucose- 1,6-diphos- 

14 Green, Con, and Cori: Biot. Chem , Hi. 447 (1042). 
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phate acts as coenzjme for th.s rcact.on The blood glucose M also a 
source of glucose G-phosphate in muscle The transformation 
effected by direct combination of glucose with phosphate, since the i 
librium docs not favor bynthesis Instead, glucose is phosphorylated Dy 
ATP under the influence of the enzyme hexol inase 


ATP + glucose -+ glucose-G-phosphate 4- ADP 
Formation of Triosephosphate. Glucosc-6-phosphate, whether 
formed from gly cogen or glucose, is transformed into fructose-6-phosphatc 
in the presence of the enzyme oxoisomerase, and the reaction produc i 
phosphorylatcd once more by ATP to form fructose-1, D-dipbospha e 
These steps are shown on p 273 

Fructose-1 ,6-diphosphate is then split under the influence of the enzy m e 
aldolase into two isomenc tnosephosphates, dihydroxy acetonephospha e 


and 3-phosphogly ceraldehy de 
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These tnosephosphates arc interconvertible through the action of an 
other lsumenzing enzyme It is the 3 phosphoglyceraldehyde which under- 
goes further reaction 

Oxidattie Step. Triosephosphate is oxidized by pyridine nucleotide 
(DP\, coenzyme I) and the enzyme phosphoglyceraldehyde dehydrogenase, 
in a reaction which would be expected to yield 3-phosphogly ceric acid 
Instead, it is found that 1 3-diphosphoglyceratc is formed, while inorganic 
phosphate (without which the reaction cannot proceed) is taken up (War 
burg) One may consider that the dehydrogenation of aldehy de, normally 
im olv in* a preliminary hy dration, in the present case utihzes phosphoric 
aud instead of water to that effect The actual reaction mechanism is a 
problem of considerable interest u 
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respiration 

Under aerobic conditions, essentially ' the i sam 3 se f ‘ ^ "““hom ever, 
place as nr glycolysis, up to the > /^^hosphate dehydro- 

tho reoxidation of coenzyme Vf^ zy nies and eventually by oxygen 
genation is undertaken by oxidative 7 , d lt 1S completely oxidized 

Pyruvate then is not reduced to lactate Instead, it 1 

in the citric acid cycle (sec Chapter 6 > and cyt ochrome oxidase 

The respiratory enzymes, like eytochr varying amounts, al- 

(sce Chapter 12) are present m dffiercn tmnscl es m mctabo . 

though muscular activity eventua ly dep P r(Jlum>)6 which are con- 

1, sm There are types of '^“.‘addy rc.sp.re at a sufficiently high 

tmuously active and must there . muscles must contain sufficien 

rate to meet the energy demands of me tabolisni Other types 

respiratory enzymes to permit tJl periods of rest, frequently are 

of muscle, whose activity altern P W hen such muscles become 

less well endowed with oxidative systems eni>me3 

of the - — q beart 

and other oxidation factors "A 3 
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active, glycolysis takes place in addition to respiration, in an effort to 
fulfill the energy requirements 

ENERGY RICH PHOSPHATES 
Neither oxygen nor lactic acid is directly involved m contractility 
since muscles can contract anaerobically when glycolysis is inhibited wn 
lodoacctatc Furthermore, increased oxy gen consumption and lactic aci 
production occur only after contraction (Embden) Phosphocreatine an 
ATP are found to be more closely related to the contractile mechanism. 
These compounds are examples of the so-called high-energy phosphates, 
compounds which liberate energy when dcphosphorylated, as manifested 
by the- large amount of heat produced in their hydrolysis (about 12 000 
calories per mole hydrolyzed) I his applies to pho a phocrcatine and to 
each of the two pyrophosphate linkages in ATP, but not to the nbose- 
phosphate linkage The free-energy effect of the splitting is likewise high 
so that buch compounds can act as phosphate-group donors for the syn 
thesis of other substances, and can presumably , also serve to yield energy 
to be transformed into mechanical w ork 
Generation and Utilization of ATP. The description of the reaction 
sequence of glycolysis has given examples of how, in the formation of 
gluco.sc-C-phosphate from glucose and of fructose-1, 6-diphosphatc from 
fructose-G-phosphate, ATP acta as a phosphate group donor, and how m 
other instances reaction products like diphosphogly cerate or phospho* 
py ruvatc transfer phosphate groups to ADP It is indeed, the purpose of 
metabolism to subject the metabolites to such transformations that the 
phosphate groups contained in them acquire a high group potential so 
that they can be transferred to ADP (or AMP, although this, in general, 
seems to be less important) By such reactions, VTP is regenerated when 
ever it has been split m other reactions In glycolysis, 4 moles of ATP are 
!™,! 0 | r Tt d P tf htIOS< ’ ‘■"ompoied, 2 moles having initially been 

1 mob! m Ih phosph ? rylatl; el" co '* to the bexose diphosphate stage (only 
IiZbllkn 1° ( t)ycog 'i n breakdown but the formation of glycogen 
tluao^ir^iTiftn^ni^ 0 ex P*' n< l s 1 mole of VTP) In respiratory meSbolrsffl 
are Lown m del h f r ' cact ‘ mu, ' n "h’ch VTP „ produced not all of which 

of VTP eenembS l n p! 'fl*<’rylation may lead to about 6 moles 

01 vir generated per mole of O z consumed 

nzymes and ATP A number of enzymes are known which are of in 

conne * tlon ", lth transformations of VTP The following enu 
nitration is not complete but is restricted to on™ - m 

muscle HvdrnKkiM M v^n „ nc , a 10 some enzymes occurring >n 
VTPascs which snllt the tf *? Cted ^ ade riomnelrtphosphaiases oT 

ojr P hLpha,:id th v e DP r ™te£ss l “ t8 i,nk ^ **** \: 

one of thus, m myosin itself (Eneclhljdt w “w 1 ™ 03 “ ccpr “ ™ uscl '; 
particulate entitv K i mi i. r * At, g and I jubimova) , the other is a 

isolated from other organs (iSdlw^Sd M? Or , n ^ toc ^°“ dnal factions 
plaj a complicated dependence on ih,l? >C ' hof) Both enzymes dis- 
The particulate VTPai is aetnated be m composition of the medium 
d ma t>nesmm and inhibited by cal 
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uum, but for pure myosin the opposite is true In. actorayosin systems 
the situation is more complicated and has not yet been fully explored 
The function of the particulate enzyme is probably not related to con- 
tractility Myosin, on the other hand, is a part of the contractile ma- 
chinery, .hence its ATPase activity is a matter of obvious interest Kon- 
ev er, it has been stated that the activity of my osm is not sufficient to 
account for the actual rate of breakdown occurring m sustained tetanic 
acti\ ity It is probable that the ATPase activity of myosm is but a reflec- 
tion of a more fundamental reaction which has not yet been recognized, 
and which may be related to the occurrence of myosm m an organized 
state m conjunction with other active materials 

Phosphocreatine, on the other hand, is not directly hydrolyzed by mus- 
cle enzymes It can transfer its phosphate group to ADP (and also to 
adenylic acid, AMP) in the Lohmann reaction 

ph~creatme + ADP «=i \TP + creatine 

so that dephosphorylation of phosphocreatine can be effected by a sys- 
tem containing creatine- \TP-phosphopherase ATPase, and adenine nu 
cleotide It is held that in living muscle phosphocreatine acts as a reser- 
voir of '--'ph, from w hich ATP can be restored on short notice A more 
fundamental role of phosphocreatine is how ever, not at all excluded, and 
it may be specifically involved m relaxation (Dubuissou) 

ATPase removes only one phosphate from ATP, but an enzyme exists 
( mrjokinase ) which catalyzes the transmutation 2 ADP *=± ATP + AMP 
In combination with ATPase, this enzyme can thus effect the complete 
dephosphorylation of ATP to AMP, w hich, as mentioned previously, can 
then be deammated to inosmic acid (IMP) The latter is formed after 
prolonged muscular activity, but it is doubtful whether such far going 
breakdown occurs normally under optimal conditions Formation of IMP 
may be the normal pathway of autolytic nucleotide catabolism m skeletal 
muscle, but not in heart or other tissues w here adenylic acid is dephos- 
phorylated rather than deammated (Kerr) 

Other enzymes effect the transfer of phosphate from ATP onto other 
substrates, thus, hexokinase catalyzes the reaction ATP -f- glucose 
ADP -f glucose-6-phosphate The possible connection of such enzymes, 
instead of ATPases, with, activity metabolism has not yet received suffi- 
cient consideration 

True and Apparent ATPase Activity. When an isolated enzyme, 
myosin or some other, splits ATP into ADP and phosphoric acid, without 
demonstrable participation of other substances, it is no doubt correct to 
call such an enzyme “ adenosine triphosphatase ” It is an interesting ques- 
tion whether this involves phosphorylation and dephosphorylation of the 
enzyme protein as intermediate steps, but this would not affect the ter- 
minology It is also possible that m more complex systems a set of reac 
tions would occur as follow s 

ATP + X-+ ADP 4- X-ph 
X ph -4 X + phosphate 

fn such a case, X would be a coen/yme of the VIPi&c. 
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It should bo understood, however, that it a splitting of ATP is ob- 
served in a crude tissue extract or in ail intact organ, this splitting is no 
necessarily due to an ATPasc, with or without cocnzyme, but may K 
linked with other and irreversible metabolic reactions Thus, the forma- 
tion of urea in liver from proper ammonia donors through the functioning 
of the ornithinc-citrulline-argmine ejele (see Chapter 33) involves t e 
splitting of ATP Likewise, formation of glucosc-G-phosphatc from Alt 
and glucose, followed by breakdown of the glueosc phosphate or its con- 
version products, would appear as a hydrolysis of ATP Such additional 
metabolic components have been referred to as cosubstrates w The break- 
down of ATP in complex tissue systems may well be due to such reactions 
rather than to ATPase 

ATP Breakdown and Muscular Activity. It was shown by Lund»- 
gaard that, when respiration and gljcolysis are eliminated, muscular ac- 
tivity is linked with the dephosphor} lation of phosphocreatine As ex- 
plained, this proceeds presumably via ATP breakdown The primary 
breakdown of ATP was demonstrated recently by comparative analjscs 
of relaxed and contracted muscle, both striated and cardiac 18 It appears 
that in each case one cycle of activity is linked with the decomposition 
of maximally 5 X I0 -7 moles of ATP per gram of muscle, as predicted on 
the basis of physiological data Thus, we regard the dcpliosphorylation 
of ATP as the metabolic reaction primarily connected with contraction 
The study of heat production in a single twitch (Hill) supports this same 
sequence the contraction heat corresponds to splitting of ATP, relaxa- 
tion (restoring ATP from phosphocreatine) is almost thcrmoneutral, aod 
the restitution heat depends on the prevalent type of metabolism, whcthci 
glycolytic or respiratory In the more physiological case of tetanic con- 
traction, the various phases overlap 

Although ATP breakdown has been thus correlated with contraction, 
nothing warrants the assumption that this breakdown is to be ascribed 
to direct ATPase activity , rather, it may involve complicated cosubstrate 
reactions or mechanochemical mechanisms 


MOLECULAR MECHANISMS 

In muscular contraction, chemical energy is directly transformed into 
mechanical work, and this transformation takes place in the muscle fi- 
bnl An explanation for this phenomenon could be given if it were known 
just what the molecular structure of the fibnl is, how this structure is 
“ £ J^ lt ln c ^ tl0n and how thl3 modification is connected 
le W^ akd ° ° f A T P ThlS objectlve has n °t been reached, much 
ttoriA Zw!? ‘"f aQay813 °! rclaxatl0 n and of neuromuscular activa- 
_ A number o£ interesting advances, however, warrant the hope that 
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an explanation of contraction in terms of actomyosm- A.TP interaction 
may ev entually be achieved 

It is possible to prepare threads of actomy ot>m by extrusion of a solu- 
tion of this protein into a dilute salt solution Such threads contract when 
ATP is added, especially m the presence of some magnesium 20 Oriented 
and stronger threads can be made by various devices, these thicken dur- 
ing contraction and can lift w eights Finally, one can prepare bundles of 
actomyosm filaments in their original configuration by extracting all other 
constituents from muscle strips Such fiber preparations become thicker 
when shortening and develop about the same tension as the original mus- 
cle would n 

Imperfect though the extruded actomy osm fiber is, it permits the study 
of the mdn idual protein components Thus, it has been fouud that neither 
myosin nor actm alone can form contractile fibers, but that only the com- 
bmation of myosin with F-actin is capable of contraction Vpart from the 
cation requirements, it can be said, then, that contractility is the result 
of the effect of ATP upon an oriented structure of actm and my osm The 
mechanism of this interaction is unknown, but the formulation of the 
problem m these biochemical terms is itself a great adv ance 

In addition to its role in combination with myosin, actm itself displays 
some interesting properties The polymerization of actm from the G to 
the F state is linked with the breakdown of ATP m a stoichiometric 
reaction 


actm + ATP (actm) + ADP + phosphate 

The amount of actm in one gram of muscle is such that, if it should all 
polymerize at one time, 5 X 10 7 moles of ATP would be split, which is 
exactly equal to the amount of ATP broken down in one maximal con- 
traction * 2 This equality makes it likely that polymerization takes place 
early in the activation phase of the contraction, to be followed by con- 
traction of the F-actomyosm formed 
The participation of actomyosm and its components m contraction is 
further illustrated by the observation that these proteins can be extracted 
only from relaxed muscle Contracted muscle yields no actomyosm or 
myosin, instead there appears, a new protein, contractm, albeit ui smaller 
amount (Dubuisson) 

EXPERIMENTS ON MUSCULAR TISSUE 
SEPARATION OF EXTRACTIVES FROM MUSCLE 

1. Creatine Dissolve about 10 g of a commercial extract of meat’ 1 in 200 
ml of warm water (Test for protein by biuret and coagulation tests, pp 171, 
188 ) Precipitate the inorganic constituents by neutral lead acetate, being 
careful not to add an excess of the reagent (30 ml of a 20 per cent solution is 
about the right amount) Write the equations for the reactions taking place 

Jjzcnt-Gj ©rgyi Stud Inst Med Chtm. S.iQcd 1 17 (1942) 

‘ b*ent-Gj orgj-i Bud BulL 9*. HO (1949) 

** Mommacrt3 J Biol Chem 19S. 469 (19o2) 

14 Commercial meat extracts a &r> considerablj m their creatine content and may have 
to be fortified for class use. 
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here Allow the precipitate to settle, then filter, and remove the excess o 
in the warm filtrate by hydrogen sulfide Filter while the solution * > 
warm, evaporate the clear filtrate to a syrup, and allow It to stand at 
48 hours in a cool place. Crystals of creatine should form at this point ** 
ine under the microscope (see Fig. 73) Treat the s>rup with 25 ml. o P* 
cent ethyl alcohol, stir well with a glass rod to bring all soluble materia 
solution, and then filter. When the fluid has drained completely, use 

further 10-ml portion of 95 per cent alcohol to aid In transferring the res u 

in the beaker to the filter paper, and to wash the material on the filter P ap *** 
The purine bases hase been dissolved and are in the filtrate, whereas t 
creatine cry stals were insoluble In the alcohol and remain on the filter P apef ' 
Remove the crystals and bring them Into solution In about 10 ml. of 0 
water. A little animal charcoat may be added to decolorize the solution. Fi tef 
and concentrate the filtrate to small volume. Allow the solution to cool an 
note the separation of colorless crystals of creatine.” 


Make the following tests on the crystals. 

a Microscopical Examination Examine some crystals under the microscop* 
and compare the form with those reproduced in Fig. 73 
b Transformation of Creatine into Creatinine. Dissolve a portion of th* 
crystals in about 10 ml. of water. Divide into two equal portions. To one 
portion add 5 ml of 2 N hydrochloric acid. Evaporate this acidified portion 
carefully over the free flame and finally to dryness on the water bath. Th c 
creatine has been changed Into creatinine. Take up the residue In about 5 nd. 
of hot water, cool, and apply the tests for creatinine as given In Chapter 28 
to this extract as well as to the original solution. What are your conclusions* 
Diacettl Reaction To 5 ml. of a dilute creatine solution add an equal vol- 
ume of saturated sodium carbonate solution and a few drops of a solution of 
diacetyl A pink color should develop. This test has been made the basis of a 
method for the quantitative determination of creatine (see p 287). 


2 Preparation of Glycogen *» Grind a few fresh oysters in a mortar with 
sand ” Transfer to an evaporating dish, add water, and boll for 20 minutes. 
At this point the volume of solution should have been reduced by about one- 
half Note the opalescence of the solution At the boiling point, faintly addtfy 
with acetic acid. Why is this acid added? Filter, and divide the filtrate Into 
two parts 


Test one part of the filtrate as follows- 

morJoTT I*? THi* ‘"\ 0f th ' * ol “ t, °‘ 1 ■» » te.t tub. add 5 to 10 dropi » r 
77L t 1 *• ,he ■a™ «» adding a .Imjlar amount 

ot iodine to 5 ml of water lo another tube, thl. .erring a. a control. Who' 

tMEjs: w. e u , ,. t td‘7d".r ,he iod ‘ ,,e — — — 

b IWc™-. Hm Doe. ,h. .olut.on reduce Benedict', .elution? 
to I. JSSSSSS ‘° dr ° I ” —ten, rated b^loric acu> 
.odium 

u - - 

water Continue then as deacnUd abSS£! p ecea “ d •hopped into about ISO ml of boding 
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fail to reduce Benedict’s solution? If you find a reduction how can you prove 
the identity of the reducing substance ? 

d. Influeaceof Saliva Place 5 ml. of the solution in a test tube, add 5 drops 
of saliva, and place in the water bath at 40° C. for 10 minutes. Does this now 
reduce Benedict’s solution? 

To the second part of the glycogen filtrate add 3 to 4 volumes of 95 percent 
alcohol. Allow the glycogen precipitate to settle, decant the supernatant 
fluid, and filter the remainder. Transfer the glycogen to a watchgla&s *--j 
heat on a water bath to remove the alcohol; then subject it to the foil owing 
tests: 

a. Solubiutv. Try its solubility in cold and hot water, in alcohol, and ether. 

b. Iodine Test. Place a small amount of the glj cogen in a depression of a 
test tablet and add 2 to 3 drops of dilute iodine solution. The same wine-red 
color Is observed as In the iodine test upon the glycogen solution. 
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salt has the empirical formula CjJIi OnNiPtBa* + xHiO, the 
depending upon the extent of drying Purity is usually estabnsbe 3 
following criteria (1) The molecular ratio of nitrogen to phosp o ' 
established by total N and total P analyses, should be 5 3, (2) the » no j* 
phosphate content should be scry low, (3) the "labile phosphate (see 

should be two thirds of the total phosphate after correcting the latter or 

Inorganic phosphate present 


2 Comersumof Barium ATP to Sodtum ATP Dissolve 200 mg of t ^ e ^ 
ium salt in 6 ra! of ice cold 0 1 N hydrochloric acid In a centrifuge tube 

60 mg of anh>drous sodium sulfate dissolved in a little water, stir, an 

tnfuge Decant the supernatant and wash the precipitated barium 
several times with small portions of cold water containing a trace of hy * 
chloric acid Neutralize the combined supernatant and washings to pH ^ 
8 5 as desired, analyze an aliquot for Inorganic and labile phosphate, 
the basis of this analysis dilute to the desired concentration of sodium * 
This solution is relatively stable for some weeks in the cold, but undergo** 
slow hydrolysis, the extent of which should be established before use 


3 Comertion oj Da-ATP into Soluble Saltt by Meant of a Canon ex chart 
ttetm Dissolve 200 mj o! the barium .alt in 6 ml colli 0 I N h>drocblem 
acid, and dilute to about one halt of the volume eventually de.ired Tier*" 
a column of 3 cm height, In a tube of about 1 cm width (closed near 
bottom with a plus of glass wool or a fritted 61a.» disc), of a cation etch* * 
r , In the potassium or sodium cycle “ Filter the solution through 
column at a rate of a few ml per minute, and wash the column with «>« 
The emenUna solut.on I. devoid of ba.mm but 1. usually still slightly ^ 

qulted lo’ime * lr, “ 1 P ‘‘ '" Uh K0 “ ° r Na0 “ 3nJ b ' ou|iht ‘ 

precipitation of barium 
heavy metals which 


Thl. procedure 1. more convenient than the n 
Interfere hi m 

Interfere in many entyme etperlments » 
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content, corrected for the inorganic phosphate already present, represents 
the “labile phosphate" of ATP. It should be two-thirds of the total ATP 
phosphorus. 3 * (3) Total fiiostiiorus. Transfer a 1 ml. portion of the ATP solution 
to a large test tube or micro- Kjeldahl flask and add 2.5 ml. of 5 N sulfuric 
acid, lleat over a microburner until the water has boiled off and the residual 
fluid is brown or black. Add 1 drop of 30 per cent hydrogen peroxide and boil 
until clear. Cool, transfer to a 25-mi. graduated flask, with washings to 
about 18 ml. volume. Add 2.5 ml. of ammonium molybdate and 1 ml. of 
aminonaphtholsulfonic acid reagent. Dilute to 25 ml., mix, and allow to 
stand 10 minutes. Compare in a photometer against a standard containing 
0.1 mg. P digested with acid, etc., just as was the unknown. A blank of water 
alone should also be run through the entire procedure, to correct for any 
phosphorus in the reagents. The total P of the sample, corrected for any 
inorganic P present, represents ATP phosphorus. (4) Total mtkoge.y. Deter- 
mine by any suitable micro-Kjeldahl method (see Chapters 23 and 31). 
A 4- ml. portion of the ATP solution described above will contain about 0.3 
mg. of nitrogen. The N:P ratio on a molecular basis should be 5:3. (5) Ultra- 
violet absorption. Measure the absorption spectrum of a suitably diluted 
neutral or acid solution of ATP (containing about 10 to 40 mg. per liter) be- 
tween 230 and 300 m/x. The absorption maximum should be situated at 258 
to 260 m»4. The adenine content can be calculated on the basis of an extinc- 
tion coefficient of 1.6 at the maximum for a 10 -4 molar solution. The ade- 
nine:N:P ratio should be 1:5:3, on a molecular or atomic basis. 

5. Preparation of Adenylic Acid from Adenosinetriphosphate (Kerr). Dis- 
solve 2.5 millimoles of barium adenosinetriphosphate (93 mg. of ATP phos- 
phorus equals one millimole) in a flask containing about 100 ml. of 0.1 N 
hydrochloric acid, and add a few drops of phenolphtlialein followed by 
sufficient barium hydroxide solution to produce a permanent pink color. 
Attach a reflux condenser to the flask and heat to boiling over a free flame. 
Boil for 30 minutes, maintaining the reaction just alkaline to phcnolphtha- 
lein by the continuous addition of barium hydroxide solution in small por- 
tions through the condenser tube. Cool to room temperature, add sufficient 
N hydrochloric acid to the flask contents to dissolve the precipitate, and dilute 
to about 1,750 ml. with water. Again neutralize to phenolphtlialein with 
barium hydroxide, and allow the precipitate to settle. Remove the super- 
natant by decantation and filtration, discarding the precipitate. To the 
supernatant add sufficient acetic acid to make the final acid concentration 
0.2 per cent, followed by 50 ml. of 20 per cent mercuric acetate solution pex 
liter of fluid present. Allow the precipitate to settle overnight, separate it by 
decantation and centrifugation, and wash it once with 0.5 per cent mercurio 
acetate solution. Suspend the washed precipitate in about 50 ml. of water 
containing a few drops of 2 N sulfuric acid and treat with hydrogen sulfide for 
one hour. Filter off the precipitated mercuric sulfide and pass air through the 
filtrate to remove excess hydrogen sulfide. The volume at this point should 
not be over 25 ml. per millimole of starting material. Add acetone to the solu- 
tion at 20° C. to the first permanent turbidity (not over 1.5 volumes). Allow to 
stand on ice overnight, filter and discard the precipitate. Bring the filtrate to 
room temperature and again add acetone to the point of turbidity. Again 
chill overnight. Separate the crystalline adenylic acid by centrifugation. Re- 
peat the addition of acetone as described until a total of 3 volumes has been 

** Determination of the acid-labile P (2 moles per molo ATP) is a method frequently 
Used for the determination of ATP. It is a popular rai-conccptioo that this can also be used 
to prepare adenjhc add. In reality, the nucleotide is split by this procedure into adenine, 
nbose-5-phosphate, and inorganic phosphate. 



Giap 10 


284 Practical l htbiological Chemistry 

added Drive off excess acetone from the separated adenylic acid by 
warming Recrystallize by dissolving in the minimal amount of ot w 
filtering quickly, and allowing the filtrate to stand in the cold overn *| 
Centrifuge or filter off the crystals and repeat the recrystallization proce 
five or six more times to obtain a final product which has the theore 
N P ratio of 5 1 and the correct melting point of 189® C The final crysta s 
washed with a little alcohol and ether and dried The mother liquors to ^ 
the various recrystalhzations may be saved, combined, and treated w t 
volumes of acetone, followed by recrystallization as above, to obtain more 
adenylic acid which is less pure 

PREPARATION AND REACTIONS OF MYOSIN 
AND ACTIN 

1 Preparation of a Crude Myosin Solution Anesthetize and kill a I ean 
rabbit, as described for the preparation of ATP, and chill and excise t * 
musculature in the same manner Mince the tissue in a chilled meat grinde 
and extract immediately for 20 minutes in the cold with 3 volumes of 0 6 
KC1 0 05 M NallCOi Collect the extract by centrifugation or straining 
through several layers of gauze and dilute with 10 to 12 volumes of co 
water (redistilled in a glass still or purified through a mixed bed ion ex 
change resin, in a so called water demlneraltzer which should be made o 
plastic without metal) Allow the precipitated myosin to settle in the cold 
siphon off most of the supernatant solution, and collect the myosin by 
centrifugation Redissolve the myosin by the addition of a measured amount 
of 2 M KC1 solution, and add water until the final KC1 concentration is 0 5 M 


2 Formation of Actomyosin Proceed with the extraction of minced muscle 
as in the previous experiment, but Incubate the tissue with the alkaline KG 
solution for various lengths of time up to IS to 24 hours in the cold, «' tb 
occasional stirring Take 50 ml aliquots at regular intervals, and obtain the 
extracts from these by centrifugation followed by filtration through gl as * 
wool Formation of actomyosin is indicated by a strong rise in viscosity and 
flow birefringence (see below) Actomyosin can be prepared from the extract 
by precipitation and resolution as described for myosin 


3 Obrervorion of Flow Birefringence A simple apparatus can be assembled 
with the aid of two 2 inch polarold discs mounted vertically above each other 
about 4 to 6 Inches apart and Illuminated from below The polaroids are 
U ? ht 18 traasmit ted A 30 ml gl a8 , beaker is selected 
notihnw urn eXa T ine , d m the pnlanscope thus assembled, its bottom does 
""" A m “ i ' or solution of actomyo»» 

oWed betwl .n' r ' 0 ab ° U ' ‘ C “ “ d »>" while !>»■”« 

2sk7r bv h^d TH. TT r'" 0 ' 1 ”' “ rotated by swu-llnd «»' 

* d ^*e rotating solution shows a dark cross (the isocivne cross) 
on an Btomlnnud Ibaeb^ound Tbt. phenomenon iTT.to the 

K ”n e ,S2'* ‘r 1 ""’" ° r *» gradient which 

'r‘“; alignment giving ,i, c to bnefrlngence eTcept for those 

— vibrational afe, of' the ^anrer and 


4 Preparation of Crystalline Myosm 
previousl y described and extract 300 g 


” Prepare minced rabbit muscle a» 
in the cold with 1 liter of 0 3 M KG 


“This procedure comUn 
Weber and ot MoimnaerU 
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0.X5 M K-phosphates (pH 6.5) for 15 minutes with gentle stirring. Add 4 
liters of cold water, and strain through several layers of gauze. Dilute with 
water to 12 liters final volume, and leave In the cold for 3 hours. Siphon off the 
supernatant solution as far as possible, collect the protein by centrifugation, 
dissolve it by the addition of 60 ml. of 2 M KC1 and 30 ml. of a solution 0.25 
M with respect to K-HPO* and KHiPO« each, and add water to a final volume 
of 300 ml. (pH 6.5 to 6.8, ionic strength 0.5). Clarify this solution by centrif- 
ugation and filtration through glass wool or Filter-cel. Add 240 ml. of water, 
and remove the precipitated actomyosin by strong centrifugation. (The 
solution may remain somewhat turbid through micellar aggregation of 
myosin at this ionic composition.) Place the solution in a large, cooled con- 
tainer and slowly (10 minutes) add 4 liters of cold water with continuous 
stirring. The m>osln will precipitate in the form of fine, microscopically 
visible needles which give a silky sheen to the suspension. The steps for the 
removal of actomyosin and the crystallization may be repeated, and the 
myosin finally dissolved in 0.5 M KC1, and dialyzed against this solvent. 

Pure my osin shows no flow birefringence with the simple method described 
in Experiment 3 of this section. 

5. Demonstration of Adenosinetriphosphatase Activity of Myosin Prepara- 
tions. Place 2 ml. of myosin solution (diluted in 0.5 M potassium chloride so 
as to contain 1 to 2 mg. of protein) in each of two test tubes. Add 1 ml. of 4 
per cent sodium bicarbonate solution and 0.5 ml. of 0.1 per cent anhydrous 
calcium chloride solution. To Tube I, which is a control, add 0.5 ml. of 20 
per cent trichloroacetic acid solution. To each tube add 0.5 mi. of sodium ATP 
solution containing a known amount (0.1 to 0.2 mg.) of “labile phosphorus." 
Dilute the contents of the control tube immediately to 10 ml. with water, 
mix, and filter. Allow the second tube to stand at room temperature for 30 
minutes, then add 0.5 ml. of 20 per cent trichloroacetic acid solution, dilute 
to 10 ml., mix, and filter. Determine the inorganic phosphate content of 
each filtrate as described above, using a 2 ml. aliquot. Correct for the value 
of the control by subtraction. What fraction of the labile phosphate of the 
ATP has been converted into inorganic phosphate by the myosin? If desired, 
this experiment may be repeated at varying time intervals to establish the 
rate of enzyme action. 

6. Preparation of Muscle Fibrils (Perry). Rabbit muscle is dissected, 
chilled, and minced as for the preparation of myosin. The mince is homogen- 
ized in a Waring blendor for 2 minutes with 8 volumes of 0.08 M borate buffer, 
pH 7.1, at 0° C. The following operations are likewise carried out at this tem- 
perature. The homogenate is centrifuged 15 minutes at about 600 g., and the 
sediment is resuspended in the original volume of borate. This is homogen- 
ized once more for 2 minutes. This suspension is centrifuged for 20 minutes at 
600 g.; the supernatant solution is discarded, while the lighter-colored upper 
layer of the sediment is taken up in fresh borate buffer. This suspension is 
then freed from coarser material by centrifugation for 5 minutes at 300 g. 
The suspension Is then subjected to several cycles of centrifugation (20-30 
minutes at 600 g.) and resuspension. Toward the end of the preparation 0.1 
M KCI may be used instead of borate buffer. 

Such suspensions form turbid viscous fluids which show a strong flow' 
birefringence. Microscopic observation reveals the presence of thin threads, 
in many of which the cross-strlatlon is clearly visible. The addition of ATP 
results In rapid contraction, revealed by loss of birefringence and precipita- 
tion of flocculent material. Fibril preparations are very active as adenosine- 
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triphosphatase, but contain also myokinasc and adenylate 
activity, the myokinase can be removed by washing ATP-contracted 
with water or dilute KC1 solution 

7 Contractile Fiber Preparation (Szent GyorQyi) A rabbit is killed as for 
the preparation of myosin, and eviscerated The body is placed In a refriger* 
tor for 15 minutes and is finally cooled in ice The psoas muscle Is expose ) 
removing the sides and the anterior part of the body, and is liberate ) 
placing the index finger under It and moving the finger In a longitu i" a 
direction Then the muscle is lifted slightly and punched through " Jt 
probe or with small forceps with closed tips so as to separate a fiber bun 
about 2 mm in diameter from the bulk of the muscle This fiber bund e i* 
then separated over the whole length by moving the forceps parallel to t * 
fibers A small stick (applicator rod) is placed alongside, and the fiber bun e 
Is tied to it at both ends, whereupon, it is cut free Other fiber bundles are 
isolated In the same fashion Each bundle with its rod is placed in 50 per cent 
gljcerol at 0® C (maintained with melting Ice in a thermos bottle, placed in a 
refrigerator) The fluid is exchanged twice for fresh, precooled 50 per cen 
gljccrol, at daily Intervals, after which the fibers can be stored at —20° C f° r 
months Before use, the fibers are placed in 15 per cent glycerol at 0° C f°* 
one hour, and are then split longitudinally into finer threads by pulling wl,h 
fine forceps 

Contraction can be observed by placing such fibers in fresh muscle extract 
(made by suspending freshly minced muscle in an equal volume of boihns 
water and filtering through cloth), or in 0 2 per cent neutralized ATP in <> 1 
M KC1, 0 001 M MgCI, 


8 Priparailon of Actm ( Straub , uitb modifications of Dailey and Tsoo) 
luscie is extracted for 10 minutes, and the mince is diluted threefold wit® 
water, as in the preparation of crystalline myosin After straining through 
gauze, the residue Is washed by gentle stirring in 4 volumes of 0 05 M NallCO' 
the pil becomes about 7) and then in 10 volumes of water, each washing 
ihVn T he ?„ 8,due ,8 pressed dry as possible In a cloth, and 1* 

„ i n r w ? War, “* blendor 1 minute with 2 volumes of cold 

aceton^ h"? ^ ralnute, >’ and finally 3 times with 2 volumes of 

acetone, after which it is dried In the air 

TT’f r“ h 25 " II "™ ° [ »»<« °r dn order to a.rure a 
not muf? *° lutlon « ■”» per liter, pil 8 2) The material doe* 

lohrthm Is QUered b ,1 ,ho, “ u « hl >' •>l™l for 30 minute. In the cold The 
solution is Altered by suction and centrifuged 

Thl. ertrnct conta!". ac.n In the elobnlar form (usually about S mS P« 

r.nc.° ui u : “ 

Uk " P>*“ Thl. u\“d”“t” r«m°.n°ncrca.< 

.PPea„„“r u ^r,7iL^irb,%^r c e“' ,h ' by ,ht 
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1. Extraction Procedure. About one g. muscle is extracted in the cold with 
3 ml. of 0.5 N perchloric acid, and the residue (after filtration or centrifuga- 
tion) Is re-extracted with 2 ml. of the same reagent. The combined extracts 
are rapidly neutralized to a faint pink color with phenolphthalein, and are 
left in the cold to assure precipitation of the potassium perchlorate (the 
residual solubility of which is about 0.05 Af at 0* C.}. The solution is filtered 
quantitatively into a 10 ml. volumetric flask, the phenolphthalein is removed 
by extracting twice with ether (withdrawing the ether with an eyedropper), 
and the solution is brought to volume. Alternatively, neutralization can be 
controlled with the glass electrode. 

2. Chromatographic Separations of Adetiosinepoly phosphates ( Cohn and 
Carter). A column is prepared (2 cm. height, 1 cm. diameter) of the anion- 
exchange resin Dowex l in the chloride cycle** in a suitable chromatography 
tube. A muscle extract, prepared as described above, is diluted 5 times with 
water (in order to reduce the salt content, which would counteract retention 
by the column), the pH is adjusted to 9.5-10, and the solution is passed slowly 
through the column, which retains the nucleotides quantitatively. Elution is 
effected by successive application of 100-150-ml. portions of 0.003 N HC1; 
0.01 N HC1, 0.02 M NaCl; and 0.01 N HG1, 0.2 M NaCl. These solvents elute 
AMP and IMP, ADP, and ATP, respectively. The eluates are collected in 
fractions of about 10 ml., in each of which the nucleotide is determined by 
measurements of the ultraviolet absorption, as described on p. 2S3 for ATP 
or. If no facilities for this are available, by the Bial test, p. 8-15. 

3. Separation of Adenosinepolyphosphates by Paper Chromatography. 
Small amounts of muscle extract (e.g., 0.02 ml.) are applied to strips of suit- 
able filter paper (e.g., Whatman No. 4); the size of each spot is kept small by 
intermittent application while drying after each delivery in a current of air. 
The chromatogram is developed by means of a solution of 60 volumes of 
n-propanol, 10 volumes of water, and 30 volumes of concentrated ammonia 
(Eggleton). Nucleotides can be located by observation in short-wave ultra- 
violet light by means of a Mineralight lamp. The experimental details of 
paper chromatography are described on p. 18. 

4. Determination of Free Creatine. For this and the following determina- 
tions, the tissue extraction should be carried out with especial care and rapid- 
ity. It is advisable to use 0.5 N perchloric acid which contains 20 per cent 
ethanol, cooled to —10° C., and to perform all manipulations at the lowest 
possible temperature until the extract is neutralized. In a 10-ml. volumetric 
flask, mix 1 ml. extract, a few ml. of water, 2 ml. of alkaline a-naphthol solu- 
tion (0.5 g. freshly dissolved In 1 liter of stock alkali: 60 g. NaOH and 160 g. 
Na.CO, per liter), and 1 ml. of diacetyl (a freshly prepared 1:20 dilution of a 1 
per cent stock solution). Compare the color or absorbancy (at 520 mu) with 
that given by a standard solution containing 0.005 mg. creatine treated in 
the same manner. 

5. Determination of Free Inorganic Phosphate and of Phosphocreatine 
(Ennor and Stockcn's adaptation of the method of Berenblum and Chain). 

(a) Inohgvmc Puoopuate. In a separatory funnel, place 2 ml. of neutralized 
muscle extract, 1 ml. of 0.25 N II-SO, containing 4 per cent NaCl, and 1 ml. 

** The resin w cleaned t>> alternate washings with acid and alkali. and is finally treated 
with 3 N I1CI and \\ ashed with water until neutral. 
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ol 0.5 per cettl ammonium molybdate. Add these reagents m , mp. d 1 
(i seconds in total beln S permissible) and shake .mnrodtn rely ’ ““ bJ 

«lth8nil. ofisobntanoi. Alter separation ol the phasesiwh.ch f » , N 

the salt added to the sulfur.c acid soln, ion) ^ ,me. 1» 

litSO,, swirling but not shahin,. the contents ol the tunnel*™* 
parallel erpenments, run a blank (2 ml. water) and a standard 2 ™ 
Loins about 10 A. P). The isobntanol phase, ate then slraken L fo ^ 

minute srith 10-12 ml. ol stannous chloride solution (1 ml. ol a c ; s 

ol 10 d. SnCli in 25 ml. ol concentrated HCI, freshly diluted wi aa . 

1I.SO.). The aqueou. layer is removed, and the alcoholic laye «“ silh 
lively translerred to a 10-ml. volumetric Bask, the i funnel is * Bl£ 

ethanol, and the solution brought to volume with this solvent, 
readings are then performed at about 610 m#i. ,_ nar a. 

(b) Inobgamc Phosphate + CREAUXEPHOsniATE. Place 1 ml. extract In P 
tory funnel with 2 ml. 1 N HySO, and 1 ml. 5 per cent molybdate, an kj 
this at room temperature for 15 minutes. Run a blank determina , 

1 ml. water, and a standard with 1 ml., containing 10 #ig. P. After it has ’ 
extract with Isobutanol, wash with HtSO«, and reduce with SnCLas descr 
for Inorganic phosphates. 


6. Demonstration of Phosphates and Magnesium in Muscle {Hu 
Esperirnent). Tease a very small piece of frog’s muscle on a microscope s 
Expose the slide to ammonia vapor for a few moments, then adjust a 
glass, and examine the muscle fibers under the microscope. Note the 
number of crystals of ammonium magnesium phosphate distributed ere ^ 
where throughout the muscle fiber, thus demonstrating the abundanc 
phosphates and magnesium in this type of muscle preparation (see Fig- 


7. " Fuchsin-Jrog " Esperirnent. Inject a saturated aqueous solution ^ 
fuchtln S into the lymph spaces of a frog two or three times daily for OD * 
two dajs. In this way thoroughly saturating the tissues with the dje. 
the animal (insert a heavy wire or blunt needle through the occipito-atla 
told membrane), remove the skin from both hind legs, and expose the s® 1 * 
nerve In one of them. Insert a small wire hook through the jaws of the fr°* 
and suspend the animal from an ordinary clamp or iron ring. Pass electron 
under the exposed sciatic nerve, and after t>ing the other leg to prevent a°? 
muscular movement, stimulate the exposed nerve by means of make a ® 
break shocks from an induction coil. The stimulated leg responds by P r °* 
nounced muscular contractions, whereas the tied leg remains inactive. Co fl ' 
tinue the stimulation until the muscles are fatigued. The muscular aCtlrftf 
has caused the production of lactic acid and this in turn has reacted with the 
injected fuchsia to cause a pink or red color to develop. The muscles of lbe 
inactive leg still remain unchanged in color. 

The color of the fuchsln S when injected is red; this substance acts as * P 1 * 
Indicator, however, and is colorless at the pH of normal tissues. Upon stioxU* 
tatlng the muscles, as explained above, lactic acid is formed and the resU«t* ot 
lowering of pH regenerates the original color of the dje. 
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In common with the other solid tissues of the body, nervous tissue 
contains a large amount of water The percentage of water present 
pends upon the particular form of nervous tissue, but in all forms it 
invariably greater in the gray matter than m the white matter EmbO 
omc nervous tibsues also contain a larger percentage of water than the tis- 
sues of the adult The gray matter of the brain of the fetus, for instance, 
contains about 92 per cent of water, whereas the gray matter of the brain 
of the adult contains approximately 83 to 84 per cent Adult whole brain 
(mixed gray and white matter) has an average water content of 77 to 
per cent, human spinal cord contains about 75 per cent of water 

The solids of nervous tissue include proteins, lipides, extractives, and 
inorganic salts In adult whole brain the relative amounts of these various 
components, in percentage of the total solids, arc approximately 3 s 
lows proteins 38 to 40 per cent, lipides 51 to 54 per cent, and extractives 
(including inorganic salts) 8 to 9 per cent Other parts of the nervouss)3- 
tem may show a somewhat different distribution 
The Proteins. The proteins of nervous tissue which have been fairly 
well characterized include several globulins, nucleoprotein, and the albu 
mmoid ncurokcratin Two of the globulins coagulate at 47° C and 70’ to 
i , ’ ! tbe nuc,e °protcin coagulates at 50° to 60° C Th e 

relatively low coagulating temperature of one of the globulins of nervous 
tibsuc may be of importance m connection with the nervous manifest 
tions ol heat prostration 


The Upidea. Many types of lipides occur m nervous tissue Tho^ 
SSS "f characterized include (1) phospholrp.de 

fatS. P m d ’r 2 cercbrosidcs or glycobpidra, (3) sulfolipides or sul 
atrdu,, (4) ganghosides, and (3) cholesterol Other types mil doubtle* 
he recognized as progress continues m this field It mil he noted that thi 
lipides are chiefly of the compound type, there is little or no true fat » 
nertous tissue Tor example, of the 54 per cent of cerebrum solids whirl 

matclyTs mr ‘ he P h “Phat,des constitute appro» 

matcly 28 per cent cholesterol 10 per cent cerebrosides 7 ner cent, am 

pMri7e1.araaemed“a D „ t Cl “ C<,y °‘ tulfa ‘'dc» and other relat.r el: 

SSetSSSlSL-S tS” 1 11 haB b “ n 5h0 " n lb „ 

fluenced h> age and sex P d prcscnt ln the brain may be in 


include Vo Vel^hma^j'^pha 1 ^^ phospliatidr 


Chap 11 


Nervous Tissue 


291 


Lecithins The lecithins are sometimes spoken of as “phosphorized 
fats ” Their relationship to the fats is indicated by the formula of a 
typical lecithin 

OH2 — OOC C17H33 
CH— OOC Ci,H !5 

CJHsO — PO — 0 C,H, CH 3 

N^-CHj 

OH HO CH, 

Lecithin 

This lecithin is called oleyl-stearyl lecithin On hydrolysis it yields 
oleic acid, stearic acid, glycerol, phosphoric acid, and choline Chemically, 
this compound may be regarded as an ester of choline and a phosphatidic 
acid, and is therefore a phosphatidyl cholme The phosphatidic acids 
themselves contam fatty acids, glycerol, and phosphoric acid (but no 
cholme), and have been isolated from tissues as the calcium salts There 
is some question whether phosphatidic acids exist as such 111 tissues, or 
are produced from lecithins by enzymatic removal of cholme during the 
treatment of the tissue 

There are different lecithins, depending upon the character of the fatty 
acid radicals Most of the naturally occurring lecithins contam at least 
one unsaturated fatty acid radical, but there are instances where both 
fatty acid radicals are found saturated The saturated fatty acids found 
include palmitic and stearic The unsaturated acids are oleic, hnoleic, 
linolemc and arachidonic (see Chapter 3) Representative types of the 
lecithin molecule have been synthesized in the laboratory, and in some 
instances found to be identical with material isolated from natural sources 
It is clear from the structure given above that two isomeric forms of a 
lecithin molecule are possible, depending upon whether the phosphoric 
acid-chohne group is attached to the a (terminal) or 0 (middle) carbon of 
the glycerol residue, such lecithins are known as a- and ^-lecithins respec- 
tively There is no satisfactory evidence at present that 0 lecithins occur 
naturally 

The lecithins are not confined to the nervous tissues but are found in 
nearly all animal and vegetable tissues, where they appear to be primary 
constituents of the cell Lecithin is soluble in chloroform, ether, alcohol, 
benzene, and carbon disulfide It may be precipitated from chloroform 
or alcohol-ether solution by acetone Lecithin may be caused to crystallize 
in the form of small plates by cooling the alcoholic solution to a low tem- 
perature It has the power of combining with acids, bases, and certain 
salts, such as cadmium chloride, and the hydrochloric acid salt forms a 
double salt with platimc chloride 

Pure lecithin js colorless, it readily turns brown on exposure to air, pre- 
sumably because of oxidation of the unsaturated fatty acids present The 
cholme-phosphone acid portion of the lecithin molecule is highly water- 
soluble, the fatty acid portion is insoluble 111 water but soluble in fats 
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em C l h ™/tvn S ™ llo '' l “ Uolut, on» m water which aro of the l.jdroph lit# 
C1,a ? tcr ‘> If « port,™ of bolid lecithin » placode 
diffuse out mfn th 0 *'*? under the microscope the leuthm uill besccnto 

SET “ b tr^“Y l ';i form of , !•>"« ™ 


molecule may be of TYort ''° lh ° h J rdto P |l,1 “ naturc of the 1Ml1 
properties of coll membranra “ COnncctlon " lth tho structure » 

about 15 per cYf hydrolysis of lecithin accounting to 

mum hydroxide and lus thf f ^ ° H 18 tr " nct hyl hydroxyethyl am* 
aa UlL following structure 


H,C 


HicX—OU, ClIjOII 




JH 

Choline 1 Choline 

wth platimc chloride h^addin ! >a t° an| I a crystalline double rf 
choline is found widely dialnl n Its presence m tho lecithin molccufc 
combined and appears to nl av “‘° d cU<! ' vh<!re "> nature cither free « 
S a Processes In combined ™P° rtant P art ,n a variety of php » 
■ . ne I s °f a'gmficance m nerve '' 1,1 acct ic acid the compound acetyl 
£ 188 b 'cn shown to be a ^“ V1 f ly , M bussed later In the d* 
ment e Fu«t, mtr06011 or Slllt ur) which' th ° labl,e n ‘ oth >' 1 group (mctlijl 
Chintra U S er aspccts Of the biivK^ 13 an lm P° rta nt dietary require* 
CeiSill llf 35 mochcmiBtry 0 f c h 0 I,nc will be found u> 

^ShEV'^^nc '^mTi h ?'“>«»nor„ both solubility and 
cally the C r f; i0n f rom the cephalin f° solub dlty are used to separate 

at least thZ , raCtl0 “ .^V 0 " of ‘“«w extracts Chena 

lecithins in th /FF 3 °* com Pounds T\ C heterogeneous and to contain 
cthanolamine^ Y choline of the lecilh° °' tb e se types differ from the 

COOH lhcso twYv"' 0 ' c H,OH OK ! NH ra ° I<!CUl0 13 replaced by 
ethanolammo and Y PCa P f “Phahna are the V Scrme CHi0H CH ?’l 
the nature and t™o*rf f h , atl<lyl 8G ™e romeef kn °' vn 08 P hos P ha ‘ ldy 
alms may vary aSd th'^ ao,d r esidue 8 P ]o 1 n V 'i Iy ^ Wlth the lecithins 
cussed above for lr>r ,c P rob tems of n om J ed to glycerol in the ccph 
V third type o ' S", mta are slmi lar to those d'» 

yields inns,. T° f “ phaI ‘" t«s well . 


V thud ty ‘ “f cenh, nsm are 31milar to those dr 

yields inositol as a char," 1 ! llS3 ' veU defined th 

acids phosphoric on , aracte nstic hydrolv* d ^ an the other two typ® 
tanc acid Vccordinct r flano * artl| ne and^ proc * uct along with fatt 
brain called diphofolm r ° lch thc inositol P °^ lbl y galactose and ta‘ 
complex inositof conti nint"'^ “ comically T? 8 phos P hatldc fr0 
"oollcy and named lm„ ? Phosphatide isol J„?‘r tlnct from 0,6 m °t 
Mtuatun Positol Further wort ted ^ rom the soybean t 

Lysoleuthm and it,. , 18 rc 9uired to clanfy th 

cephalin with cobra ^ ph f» are prepared , + 

in enzyme present in ,‘. reatln t. lecithin i 

n t in the venom snlit.3 0 


X 
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the unsaturated fatty acid radical leaving the structure otherwise un- 
changed Compounds of this type have a strong hemolytic action on red 
cells and the hemolytic action of venom is probably brought about in 
this way These lysophosphatidcs combine readily with cholesteiol, 
molecule for molecule, the resulting compouud having no hemolytic 
pow er 

Sphingomyelin Sphingomyelin represents a third type of phospholipids 
found in nervous tissue It is a diammomonophosphatide made up of a 
molecule each of fatty acid, phosphoric acid, and the bases choline and 
sphmgosme 

CH S (CH 2 ) I2 CH=CH CHOH 
chnh 2 
ch 2 oh 

Sphingosine 

Among the fatty acids found have been the saturated acids — lignocenc, 
Cs^HisOa, and another acid probably hydro\ystearic The fatty acid is 
apparently in an amide linkage with the ammo group of sphmgosme 
The complete structure would be as follows, R indicating the fatty acid 
radical 

CHOH CH=CH (CHi)n CH, 

CHNH — R CH, 

I / 

CH,0 — PO — OCHiCHiN — CHj 

1 l\ 

OH OH CH, 

Sphingomyelin 

The content of sphingomyelin (and of lecithin as well) is considerably 
increased in the liver and spleen m the condition known as Niemann- 
Pich’s disease 

Acetyl Pgospholipides (Plasmalogens) Phospholipides which un 
der suitable conditions give a positive test for aldehydes were first de- 
scribed by Feulgen and given the name plasmalogen These substances 
are found to contain fatty acid aldehydes joined in acetal linkage to the 
glycerol of compounds having the basic lecithin or cephahn structure 

CHj— O 

^CHR 

/ 

CH — O 

CHjO — PO — OCH-CHsNH, 

I 

OH 

Acetal phospholipiile 

In this structure, R represents the remainder of a fatty acid aldehyde 
chain, and the nitrogenous base is ethanolamme The crystalline acetal 
phosphohpide isolated by Thaunh wiser et al 1 from beef brain contained 

* Tliam hftu&er Boncoddo and Schmidt J Biol Chem 188 4 17 (1951) 
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function or physiological significance of m al ldM be- 

Cerebrosides The cerebrosides (sometimes called g y P , . 
cause of their carbohj d.ate content) are lipides contai'ung carbol.yd t 
one fatty acid, and sphingosme, but no phosphonc 
Examples include phrenosinc, hcras.no, non, one, ‘ 

general categories are non knotvn (1) galac ol.p.des, containing ga^ 
tose as the component sugar, and (2) glucolijndes, “ m 

Galactolipides are the more abundant form, glucol.p.des 1 
identified in spleen from Gaucher’s disease, a condition in which exc 
amounts of cerebrosides accumulate m the spleen, but are now k , 
be a normally occurring component of \anous tissues Cere 
appear to be an important constituent of the myelin sheath of medulla 
nerve fibers, which contain about three times as much cercbroside as 
found m nonmcdullated ner\cs The fatty acid m phrcnosine is 
hydroxy acid phrenosime acid C,«H„(OII)COOH, and in kcrasinc it » 
lignocenc acid The glycolipidcs arc relatively less soluble in ether a 
more soluble in hot alcohol than the phosphatides 

Gangliosides Gangliosidcs represent a class of cerebrosides nrs 
described by Klenk, which are found in brain gray matter, spinal cor 
and other tissues On hydrolysis they yield one molecule each of a base 
presumably sphingosme, stcanc acid, neuraminic acid, and three mole- 
cules of galactose 

Sulfohpides (Sulfatides) The sulfohpides are similar to the cercbro- 
sidcs, but characteristically contain sulfunc acid estenfied with cerebronic 
(hydroxylignocenc) acid Sulfohpides containing sphingosme, galactose, 
cerebronic acid, sulfunc acid and potassium m equimolecular proportions 
have been charactenzcd by Blix 

Cholesterol Cholesterol, one of the pnmary cell constituents ^ 
present in fairly large amount in nervous tissue It is a monatomic alcohol 
containing one double bond with the empincal formula C27H44OH I* 8 
structure is as follow s 


H s 

C 


CH, 


ib CH, uC j e CH* 

H, C 1 D ts \ 

C l CH U CH CH, 

HjC 1 c'° *cn 
B ! 
tCH, 


CII, 

CH— CH— CHr-CHr 


, A \ 

IIOCII ,C 

c 

H* 


■CH, 


CH, 

-in — ch. 
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The carbon atoms are numbered as shown for purposes of reference The 
four rings A, B, C, and D form the cyclopentano-perhydrophenanthrene 
nucleus, which is characteristic not only of cholesterol and other plant 
and animal sterols but also of a wide variety of naturally occurring com- 
pounds of surprisingly diverse physiological significance These com- 
pounds include (a) the bile salts, (b) the steroid hormones, (c) the sterol 
vitamins, (d) the aglycone portion of the cardiac glycosides (digitalis, 
etc ), (e) the sapogemns, derived from plant saponms, and one might 
also include here the carcinogenic hydrocarbons of the phenanthrene 
type The possible interrelationship of these varied compounds whose 
chemical structures are fundamentally similar, has attracted considerable 
attention, it has been shown for example that the cholesterol of the bile is 
a precursor of the chemically similar cholic acid derivatives also present 

Cholesterol is soluble in ether, chloroform, benzene, and hot alcohol 
It crystallizes in the form of thin colorless, transparent plates (see Fig 
101) Cholesterol is present in bile, and occurs abundantly m one form of 
biliary calculus It is also present m blood and its quantitative deter- 
mination is of clinical importance (see p 580) It has been found m feces, 
wool fat, egg yolk, and milk frequently m the form of its esters of higher 
fatty acids It is found in the tissues of all animals The cholesterol present 
in the animal body has its origin m animal foods or synthesis in the body, 
work with isotopes has shown that acetic acid may be a major inter 
mediate in this synthesis It does not appear to arise from plant sterols 
That cholesterol may be synthesized in the animal body is proved by 
experimental work using isotopes as well as by such facts as that hens 
continue to lay eggs containing cholesterol when fed a cholesterol free 
diet and that the tissues of the rat contain the usual cholesterol content 
when fed a diet containing no sterols. 

Various isomers and derivatives of cholesterol are found in plant and 
animal tissues only a few may be considered here A further discus 
sion of steroid isomerism will be found in Chapter 2G AUocholesterol or 
coprosicnol is an isomer of cholesterol differing only m that the double 
bond is in the 4 5 instead of the 5 6 position Coprosterol or coprostanol 
is formed by the addition of two hydrogen atoms at the double bond in 
allocholesterol It is found in the feces being formed by bacterial reduc- 
tion Ergostcrol (a provitamin D) differs from cholesterol m having two 
more double bonds, one in the 7-8 position and one in the side chain, 
with an additional methyl group in the side chain which thus becomes 
— CH(CH 3 ) CH CH CH(CHs) CH(CH a ) CH, On suitable ^irradiation 
ergoaterol finally yields calciferol with a rupture of the B ring 7-Dehydro- 
cholesterol, found m the skin, is also activated by irradiation to produce a 
compound with vitamm-D activity Stigmastcrol obtained from plant 
sources differs from ergosterol in having only one double bond in the 
nucleus (like cholesterol) and m hav ing the second methyl group in the 
side chain replaced by an ethjl group The phytosterols or plant sterols 
comprise several different sterols According to Schoenheimer, the bulk 
of plant sterols do not appear to be absorbed by the body 

Inorganic Salts. Nervous tissue Jidda about 1 per cent of ash which 
is made up m large part of sodium and potassium chlorides 
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phates The inorganic aalts of fresh brain and nerve tissue consist Iargelj 
of sodium and potassium chloride, potassium being ill excess over sodium 
The content of sodium and potassium ions vanes from one part oi tne 
brain to another, and has attracted considerable attention in relation 
a possible role in nerve action The student is referred to Page’s book or a 
further discussion of this subject (bee Bibliography) 


CHEMICAL CHANGES IN NERVOUS ACTIVITY 
The carbohydrate metabolism of nervous tissue appears to follow much 
the same course as that of muscle tissue, going by way of pyruvate an 
lactate anaerobically, and the ctlnc acid cycle aerobically Since glycogen 
is low m amount in. the brain and glucose appears to be the major car 
bohydrate substrate, this organ is more immediately dependent upon the 
blood sugar supply Nerves consume oxygen and liberate heat to a greater 
extent following stimulation 

The transmission of impulses along a nerve or from nerve fibers to 
muscle fibers or secretory cells or from one nerve fiber to another acro;>3 
synapses in ganglia, is thought to involve chemical changes, cither directly 
or as the source of potential differences \ccordmg to one view, the nerve 
action current results from a redistribution of diffusible ions between the 
center of the nerve and the periphery, taking place successively along the 
nerve fiber This redistribution of ions may be under the control of chenu 
cal agencies 

At the motor nerve endings in voluntary muscle, stimulation appeal 
to liberate the compound acetylcholine (bee below) Involuntary muscles 
and secretory cells are controlled by two bets of nerves sympathetic and 
parasympathetic The parasympathetic fibers liberate acetylcholine at the 
nerve endings in such cells Stimulation of such nerves causes smooth 
muscle fibers as m blood vessels, to relax with dilation of the vessels 
Stimulation of the sympathetic nerves brings about the liberation of at 
least two substances whose structures are known these are adrenaline 
(epinephnne bupraremne) and nor adrenalinefnor-cpinephnne, artcrenol 
dcmcthylated epmephnne) 
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linergic nerves include motor nerves, all preganglionic fibers, and the 
postganglionic parasympathetic fibers. 

Acetylcholine. As stated above, acetylcholine is believed to be the 
neurohormone of cholinergic nerves. Chemically, acetylcholine is the 
acetic acid ester of choline: 

O CH, 

ii i 

CH,— C— 0— CH,— CH,— N+— CH, OH- 

1 

CH, 

Acetylcholine 

The structure as shown is that of the base; the compound is usually ob- 
tained commercially as a halogen salt, the iodide being less hygroscopic 
than the chloride or bromide. Solutions of acetylcholine salts show slight 
hydrolysis in neutral solution, which is accelerated in alkaline solution. 
Free acetylcholine may be detected, usually by bioassay, in low con- 
centration in nervous and other tissues. A relatively much greater propor- 
tion of the total detectable acetylcholine content of tissues is in a bound 
inactive form. The acetylcholine released by nerve stimulation presum- 
ably comes from this source; the mechanism is not known. 

Brain tissue contains an enzyme, choline acetylase, which promotes the 
synthesis of acetylcholine from cholme and acetate, through the media- 
tion of adenosinetriphosphate (ATP) and coenzyme A. This reaction is 
similar to other biological acetylations involving coeuzyme A (see 
Chapter 33), choline acting as acceptor of the acetyl group. 

Physiological control over the excessive accumulation of acetylcholine 
constantly being produced by normal nerve impulses appears to be 
effected by the enzyme cholinesterase, which catalyzes the hydrolysis of 
acetylcholine into the relatively inert compounds choline and acetic 
acid. 

CHjCO O CH, CHrNs*(CH»), + H s O-> CH,OH CH, Ks(CH,), + CH,COOH 

i Cholinesterase I 

H OH 

Acetylcholine Choline Acetic acid 

Cholinesterase activity is found in the nervous tissues of all animal 
species thus far studied; it is also present in mammalian red blood cells, 
blood plasma, to a certain extent in other tissues, and in snake venom. 
The cholinesterase activity of the brain varies with location, the caudate 
nucleus being much more active than other portions of the brain. The 
enzyme has not been obtained in a pure or crystalline form; the most 
potent preparations have been made by Nachmansohn from the electric 
organ of the electric eel. 

Study of cholinesterase activity in various tissues has revealed that 
cholinesterase is not a single enzyme but rather a name for a group of 
enzymes of varying characteristics and biological significance. One 
classification groups the cholinesterases into two broad classes, the 
“true” cholinesterases and the “pseudo” cholinesterases. The “true” 
enzymes are represented by the cholinesterases of nervous tissue, red 
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blood cells, and the electric organ of the electric cel and similar manne 
species Hie cholinesterases of the blood plasma of most (but not am 
animal species and of tissues other than nervous tissue belong to the cia 
of “pseudo” cholinesterases , 

The two dass.es of cholinesterases are distinguishable from each o 
in terms of substrate specificity and biological occurrence and func ion^ 
Thus, though both red cell (“true”) and plasma (“pseudo”) cholines er 
asc will act upon acetylcholine, other choline esters (propionylcho me, 
bcnzoylcholine) are much less readily hydrolyzed by the red-cell enzym 
than is acetylcholine; whereas the reverse is true for the plasma enzym , 
which will, for example, rapidly decompose benzoylcholine Distinction 
between the two types of cholinesterases is frequently based upon j>uc 
differences in substrate specificity Furthermore, the function of 
cholinesterase of nervous tissue appears to be understandable in rclatio 
to the production and disappearance of acetylcholine in nerve function, 
whereas the plasma enzyme is one of the plasma proteins whose precise 
physiological function is not yet clear 

Interest m diolmestcrascs has been heightened by the discovery tna 
drugs of the physostigmme (esenne) class, together with certain com- 
mercially important insecticides, owe their mechanism of action to the 
ability to inactivate cholinesterase Such anticholinesterase action can 
bo demonstrated in vno and tn vitro In the case of physostigmme, in- 
activation of the enzyme appears to be based upon competitive inhibi- 
tion, the drug competing with acetylcholine for, and blocking it from> 
access to the enzyme molecule This action is reversible in the laboratory 
by dialysis, enzymatic activity being restored when the drug is dialyzed 
away In the case of patients, the cholinesterase activity of blood and 
tissues is lowered considerably after treatment with the drug, but returns 
to normal in a matter of hours 

An anticholinesterase drug which irreversibly 10 inactivates cholinester- 
ase is illustrated by the bubstance di-isopropylfluophosphatc (DFP) 
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an enzymatically inactive product. Exactly how and why the DFP reacts 
with the polypeptide chain of the enzyme protein is not clear. Clinically, 
DFP is used in the treatment of glaucoma, paralytic ileus, and other 
conditions involving muscular dysfunction. Decrease in cholinesterase 
activity produced by DFP treatment in patients is much more prolonged 
than that produced by physostigminc, and essentially dependent upon 
the replacement of inactivated enzyme by new enzyme. 

Insecticides whose mechanism of action is ascribed to anticholinesterase 
activity include the following: 
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In the case of TEPP, insecticidal activity is due to a direct action on 
cholinesterase, TEPP being similar to DFP iu this respect. Parathion 
does not have any significant anticholinesterase activity when quite 
pure; insecticidal activity may be due to impurities, or to metabolic 
conversion of the P=S bond to P=0, which produces a substance 
(rara-oxon) with strong anticholinesterase activity. OMPA is another 
example of a compound which has no anticholinesterase activity as 
such, but is converted by plant and animal tissues into a potent anti- 
cholinesterase, probably by oxidation within the ceil, although the 
chemical nature of the reaction is not yet entirely clear. 

experiments on the lipides of nervous tissue 

/. Preparation oj Pure Lecithin .* Free 4 pounds of brain tissue from adher- 
ing foreign tissue and mince in a chopping machine. Dry in a vacuum drying 
oven, (if such an oven is not available dry the tissue by treating several times 
with cold acetone.) Extract twice with acetone, using about 1.6 liters. Extract 
the residue with 2.4 liters of hot alcohol. Concentrate to one-third the origi- 
nal volume. Put in the refrigerator at 0® C. overnight. Filter. To the filtrate 
add a cold saturated solution of cadmium chloride sufficient to completely 
Precipitate the lecithin. 

To avoid decomposition in purification do not use high temperatures 
'vhen effecting solution or concentration, and reduce the use of water to a 
minimum. The principal impurity in the cadmium precipitate Is cephalin. 

* Tiie preparation from egg S oik is somewhat simpler. Stir the fresh egg j oiks to a homo- 
geneous emulsion with an egg-beater. Strain through cheesecloth. Pour uito a double 
volume of hot 95 per cent alcohol. Allow to cool. Precipitate with cadmium chloride and 
purif) as unhealed above. 



300 


Practical Physiological CiiEuibTRY 


Chap 11 


To remove this, shake the salts null with ether, and centrifuge. R«P' at »“ 
10 times. Suspend 10 g of the salt, in 40 ml. of chloroform, ^ 
room temperature until a slightly opalescent solution is formed A 
25 per cent solution of ammonia gas in 95 per cent methyl alcohol as ^ 
precipitate is formed, avoiding a large excess. Centrifuge. Concent 
about 10 to 15 mm pressure on a water bath at 35° to 40® C. Dlsso ve ^ 
ether and concentrate as before to get rid of moisture. Repeat. ®^ s0 ' e { 
minimum amount of ether and pour into acetone (about 50 ml.). ® ^ 

Dry the residue in a vacuum desiccator over HjSO t and keep in a seale gi 
tube to prevent oxidation. 


2 Preparation of Crude Lecithin .* Treat the finely divided brain of a sheep 
or a rabbit with enough ether to cover well, and allow it to stand in t ® 
for 18 to 72 hours The cold ether will extract lecithin and cholesterol. Hi 
and add two volumes of acetone to the filtrate to precipitate the lec t 
Filter off the lecithin, saving the filtrate for the preparation of cholester 
(see below) if desired. Test the lecithin as follows. 

(a) MicitObConcAL Examination Suspend a small portion in a drop of water ^ 
a slide and examine under the microscope. Do you see any “myelin form* 

(b) Osmic Acid Test 4 Treat a small portion with osmic acid What hapP eDS 
Why? 

(c) Acrolein Test Make the acrolein test according to the directions o 
p. 106. 

(d) Test tor Piioshiorls See p. 212. 


3. Preparation of Cephaltn. Free 4 pounds of brain tissue from membranes, 
mince in a hashing machine, and dry in a vacuum drier. Pulverize and dry 
further. Extract exhaustively with acetone, using about 2 liters. Free from 
acetone in the vacuum drier and extract with about 3 liters of 95 per cent 
alcohol. Extract the residue with 2 liters of ether. Concentrate to a small vol- 
ume Let stand at 0° C over night. Centrifuge and pour supernatant Hq u, “ 
into 98 5 per cent alcohol warmed to 60° C Dissolve the precipitate In ether 
Allow it to stand at 0® C over night. Repeat the precipitation with alcohol, 
rcdlssolvlng In ether until on standing the ethereal extract no longer deposit 
a sediment of white matter. The final precipitate is dried and preserved as fm 


4. Preparation of Cholesterol • Place a small amount of finely divided brain 
tissue under ether and stir occasionally for one hour Filter, evaporate the 
filtrate to dryness on a water bath, and test the cholesterol according to 
* J 1 beI ° W * (U U U desIred ’ the ether-acetone filtrate from 
the lecithin may be used for the Isolation of cholesterol In these cases it *• 
to , eva P° rate *he solution to dryness on a water bath) 
fXwing e ,«m Prepared by elther o' the above methods make the 

(a) Mickumopical Lxamlnatjon Examine the crystals under the microscope 
and compare them with those In Fig 101 

chloroform , D1 »» ohe » ^ crystal, of cholesterol In a U«l« 

chlorofor m and add an equal volume of concentrated sulfuric acid A pW 


2SS flu “ * for the qoahut.v* te.u 
a f luch ™ ntwn unaaturated fatty acid radical*—* * 


*4«r K, 1 tl nr rn deeuii" * 

*urs choltateru) tnaybs prepared boa ealUtones. Extract with benzene Evaporate 


* cuoipaierol may be 

I *U»Uz* from ale&hoL 
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Wh W , Tl f u £Xm7n !S^ tube! Now add 10 

crystals of cholesterol la 2 irol of concent^ted sulfuric acid. The 

drops of acetic anhydride an flnalIy bluish-green In color, 

solution becomes red, thenb * . o[ a chloroform solution In a dry 

(d) FotnlALDEXITDU-HiSOt Test- T“ ; s0 soluti on (1 part of 40 per cent 

test tube add 2 ml. o '^ "ihe cherry color In the chloroform, 

formaldehyde to 50 of the acid). a j t | 2 to J drops of acetic an- 

Pour off the chloroform Into anothcr tub ^ ^ more dc „ ci „e than Sal- 

hydride. Note the blue color. This test is 
kowskl’s teat. 

5. Preparation of GlycoHpMo5Ilncel00ft.of ^oep^brnlns. Transfer m a 

500-ml flash and add slowly with f al S”klng! Filter hot. Treat the residue 
water bath for one hour ° cc “ s ‘°“' a , co hol for 15 minutes. Filter, and 
i the water bath with another 10 • Filter off the precipitate on a 

untune the filtrates. Let stand over 50 rni. of hot alcohol 

mall paper. Transfer the P a P® r *° a eJ . t cook Filter or centrifuge, and 
Itir to dissolve the lipide and filter • e8ter0 |. The residue consists 

vash the precipitate with ether to kerasin . 

nainly of the glycolipldes phrenosinand ke» ^ oq [Q a drop of water 

(a) Micnosoopic.Ua Examination Susp 

in a slide and examine under the ln wat er, and in dilute 

(b) Solubility Try the solubility of ft y ^ hot and cold ether . 

acid and alkali, and in hot and cold a rAinil to t he directions on p. 212. 

(c) Phosphorus Test for phosphorus accordm^to^ 

How does the result compare with that warm. Note the odor. 

(d) Place a Uttle glycoliplde on P la * a *“ remainl ng glycoliplde in a small 

(e) Hydrolysis of Glycolipide Place dilute hydrochloric acid, 

evaporating dish, add equal volumes o w ., d so dium carbonate, filter, 

and boll for one hour. Cool, ncutra ze w r „duction, and if so how do you 
and test with Benedict’s solution. Is there any reduction, 

explain it? 


Nervous Tissue 


6. Tests for Choline. alcoholic extract of the flu 

(a) Rosenheim's Periodide Test rep t . _ a pply Rosenheim’s lodo-potas- 
under examination, and after eva P? r .jdue In a short time, dark brown 
slum iodide solution- to n little of the ' r f^"- and may be detected 

plates and prisms of choline penodide befll ‘ enough to be visible 

by means of the microscope. Occas.onaUy they are 8 bemin ^ p 483). If 
to the naked eye. They somewhat «2“ ha fiuld to evaporate the 

the slide be permitted to stand, thus ^ * They will reappear, how- 

crystals will disappear and leave brown J ^ S moSk claims that this 

ever, upon the addition of fresh iodine so 

choline compound has th ®/ orn j£ trac t the fluid under examination w t * a 
(b) ItoWsBussrsTss. resld uc. Repeat the extraction 

solute alcohol, evaporate, and te - c ‘‘ , 2 to 3 ml of water and add i 

several times. Dissolve the flna residue In 2 nc „ ot a bright brlck- 

of Kraufs reagent.’ Choline Is Indicated by 
red precipitate. 


See Appendix. 
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Enzymes and Their Action: Cell Respiration 

The myriad chemical 

matter would not be possibo^ithoutenzym. 0Nld ^ 10 n of such 

taut tools of the living cel For the hydrolysis or empl 

substances as fats and proteins, i ^ high temperatures Such 

strong acids or alkalies or oxidizing 6 existence of living 

reagents and temperatures “^VrS ca ry out such reactions at approxi- 
matter The cells are, how ex er, able to “ y °“ , , spee d with the aid of 

mate neutrality, at body "X * takes 10,000,000 

enzymes As an example it has been o{ the en zyme sucrose 

times as great a concentration of Ms" given time at body 

to decompose a given amount of cane sugar mag 

‘^“are organic catalysts . produced 

generally soluble and colloidal substances, temperature, and 
specificity and susceptibility to the influence of pH, 

of other environmental changes -.tilvticallv Catalysts are sub- 

Catalysis As indicated, enzymes “ 3 ‘^athout themselves 
stances that alter the speed of c emi definition indicates that cata 
undergoing any peimanent chall g . e d up reactions al- 

lysts do not imtiate chemical reactions but on y^ un der g oes a 

ready proceeding at a slow rat temperature with the for- 

very slow spontaneous decomposi ^ a hMle finely divided platl- 

matton of water and o-.ye.en T : enormously increases the rate of 

num or of an enzyme called c a ny reactions, however, wine 

this decomposition Catalysts un d m their absence It may be 

cannot definitely be shoxvn to be p ^ actually proceeding but at an 

assumed m these cases that the ^ a ctical standpoint, however, the 

immeasurably slow rate r initiate a reaction 

catalyst or enzyme in these cases .does imtiat^ ^ fi h us sulfur 

Inorganic catalysts are of grea P^ m su if ur tnoxide If, however, 
dioxide reacts slowly with catalyze the reaction so that it pro- 

oxides of nitrogen are present, they car y 
cecds much more rapidly , e g » 

^i^::so°; +NO 

tioned later 3^3 
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Classification. All the enzymes which have been isolated m pure 
condition to date are proteins The properties which are used to c } 
proteins arc much too general to be of use in classifying enzymes 
it is customary to classify them according to their action Some enzyrn 
contain charactcnstic prosthetic groups conjugated with the protein, 
these groups are aho used for further classification For example, oxidizing 
enzymes are commonly subdivided according to whether they con 
heme, nbofiavin, etc, as prosthetic groups A considerable number o 
enzymes can be classified under the general term transferases since t ei 
action is to transfer such groups as amino, methyl, acetyl, glucosj , 
fructo-yl, or phosphoryl from one compound to another 

Hidrolasls A great many enzymes catalyze hydrolysis reactions 
This large group is commonly designated as hydrolases The hydrolases, 
like other enzymes, are further classified according to their substrates, 
i c , the substances on which they act The nomenclature is harmoniz 
as far as possible by using the termination ase in the names of enzyme 5 
'thus we have esterases hydrolyzing esters, carbohydrases hydrolyzing 
carbohydrates, protcinascs hydrolyzing proteins, amidases hydrolyzing 
amides, etc Under each of these groups are individual enzymes which ac 
on specific substrates, such as maltase which splits maltose, lactase which 
hydrolyzes lactose, etc The source of the enzyme may also be indicated 
in its name, such as sali\ ary amylase, pancreatic lipase, etc Some of the 
old names for enzymes arc still used as a matter of convenience— such 
names, for example, as pepsin and trypsin 

Oxidizing Enzimls Another large group of enzymes catalyzes oxida- 
tions These may be called oxidizing enzymes Oxidizing enzymes are fre- 
quently divided into two groups — oxidases and dehydrogenases — whict 
arc distinguished by their mode of action This is not an entirely sati» 
factory di\ tMon since some enzymes can be placed m either group A mor< 
suitable clasiifu atiou makes no attempt to distinguish between oxidase 
and dehydrogenases — other criteria arc used instead For example, tin 
following groups may be recognized- (1) Enzymes containing iron, (2) 
enzymes containing copper, (3) enzymes containing coenzymes I or H, 
' / ‘-nzymts which catalyze the reduction of cytochrome, (5) enzymes 
which contain riboflavin (yellow enzymes), and (G) various other oxidizing 


Hare arc Mill other enzj mes that do not fit into either of these group* 
nhlohlm >•“’*, '« 3ct Miiilarly to hydrolases, except that a 
ft" fl 1 "*' dU ' an i d T l "° ,or ' 13 ln splitting the substrate 
»u strt uni" ‘ ht h>dra - s * 3 ’ " hlch remote or add ttater to the 

t l Mrolyzing it, and there arc still other enzymes, the 

true d..molascs uliirh catalyze the splitting of a carbon chain Thus, 

mto'ihe m^i h CT *, r V' Cn ; lb,c rphttmg of fniclose-l.W, phosphate 
“n“ aid,l?tTe ;Z “!r d,h l l r° x >att,one phosphate and phosphogly- 
sulsstrate and the sea catalyze the oxidation of one molecule of the 

S I , ,K ”m . T" 115 m)uc,Km ° f anolher molecule of the 
, oth," 1 a t 5 , ““r 1131 !,aa >**'* fc hott'n by ItacUr to U 

d,hydr.,„„,aaz Uro of alcohol dehydrogenase and aldchyJe 
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In a number of cases, two or more names are commonly applied to the 
same enzyme For example, amyhse is also known as diastase, su erase is 
commonly called mvertase or saccharose, cytochrome oxidase was for- 
merly called mdopkenoi oxidase, etc Sometimes such synonyms arose be- 
cause enzymes from different sources at first were not recognized to be 
identical For example, tyrosinase or monophenoloxidase was at one 
time thought to be distinct from polyphenoloxidase In other cases the 
original name gn en to an enzyme has prov ed to be inadequate For ex- 
ample, the name zymase was at oue time used for the yeast enzyme which 
ferments sugars to alcohol Subsequently it was found that the original 
zymase was really several enzymes and the original name had to be 
discarded 

A list of some of the more important enzymes is given in this connec- 
tion, without any attempt to adhere to a rigid classification (see Table, 
pp 306-307) 

Chemical Nature. The problem of the purification of enzymes has 
been essentially one of their separation from other associated proteins 
Because of the difficulties of such separation and purification, the chemical 
nature of enzymes has been much m doubt The first preparation of a 
crystalline enzyme was that of urease by Sumner m 192G (see Fig 75) 
Since that time crystalline pepsin was obtained by Northrop (see Fig 
76), crystalline trypsin and chy motrypsm by Northrop and Kurntz, and 
pepsinogen by Hernott and Northrop Crystals of yellow respiratory 
ferment were obtained by Warburg and those of /3-amylase (Fig 74) by 
Balls To date, about CO enzymes have been obtained in crystalline 
form However, a few of the claims made are either erroneous or dubious 
All of these crystalline preparations hav e proved to be proteins, and the 
specific action of these enzy mes has never been observed in the absence 
of the specific proteins There is additional evidence which shows rather 
clearly that the enzymes and crystalline proteins are identical If the 
protein is destroyed or denatured, the enzyme action is lost Also, various 
crystalline enzyme preparations have been tested for homogeneity, using 
such criteria as diffusion, mo\ ement m an ultracentrifuge migration in an 
elcctncal field, solubility, etc , and with the exception of pepsin each has 
been found to consist of a single component Pepsin appears to be a 
mixture of similar proteins Some of these crystalline enzymes have 
been recrystallized as many as ten times without change in composition 
and properties 

Further evidence that the enzyme itself is a protein has been presented, 
os m the case of pepsin, by showing that if the protein of the material is 
denatured through the action of alkah, the activity of the enzyme is de- 
creased in a parallel manner For example, pepsin becomes completely 
denatured and inactive at pH 10 5 If the solution is adjusted to pH 5 i 
and is allowed to stand at this pH, a small part of the protein is renatured 
and there is a corresponding appearance of activ ity of the enzyme The 
solution should be adjusted to about pH 1 before testing for the enzyme 
aetn ity 

Crystalline try psm denatured by heat also shows on standing a parallel 
reappearance of activity and of nativ c protein in the solution The try psm 
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Classification of Enzymes 

Same arid Class 

Out thu/ion 1 SuArirn/e { 

EtuL-vroaua* 

Hydrolases 

Ca ho A yd ate * 

1 Aiojla^e I 

2 Lactase 1 

3 MiIUm I 

4- ‘■ucrase I 

o Emulaio ] 

‘ancreas nun malt, 
etc 

ntc-t r.al jure and 

ntesl nal juice 3 cut 
etc 

nUjl dal juice, }eul 

?1*DU 

r xrbohydrates 
'txrch. dextr a ete 

Maltose 

Jt-Gluroside* 

Maltose and dextrin* 

Glucose and galarte** 

Glucose 

Glucose and froetcee 

Glucose ete 

1 Folynueleot da&e 

2 \ licit*. t date 

3 Nucleosidase 

Pancreal e juice nte*- 

Intest n*l juice, and 
oiler tuaun 

An m*l tiMuc* 

Sutloe acid and de- 

Nucle c acid 

Nucleotide* 

Nucleoside* 

N ueleo tides 

Nucleosides and pt**" 

phone acid . 

Carbohydrate a*4 

bases 

Atnidatet 

2 Ireue 

3 Gluts tiunasc 

4. Tnuuuimuc 

line ten*. suj Lean, jack 

Animal lusua 

tmino compounds and 

Glutamine 

Glutamic arid and ox*l- : 

Orn thine and urea , 

Carbon dioxide ^ 
ammonia 

Glutamic and and 

0 Ketodutane and. * - 
part e acid, ete __ 

/* uriRt DMntniuu 

1 Adtuut 

2 Guidim 

Animal tissues 

Punne hates and den* 

Adenine 

Guanine 

Hypoianthme and **' 
Xinth* ne and *m“«^ 

I’ljli'i'lwi 

1 Aminopol) peptidaae- 

2 Carhoxypeptidase 

3. D pepUdsae 

4 Fnlrnut 

Yenet, Dtatna etc 

Plant and animal tia- 
*’«* and l/actena 
Animal tissue* »nd 

PepUdni 

Poljpept de* 

Polypeptides 

D peptides 

Proline peptides 

‘•rotler peptide* ^ 

amino acids , 

x- mpler peptides anu 
amino ac d* 

Amino acid* 

ProUne and 

peptide* _ 

Pro ti noses 

1 Pepem 

2. Trjpwn 

3 Cithern 

4. Itennin 

5 Clij ruotrypnin 

C Papain 

7 rein 

Gaitnc juice 
Pancreatic juice 

Animal tissues 

1 all stomach 

Pane real « jine* 

Papaya, either plant* 
r* aan 

Proteins 

Pro ten* 

Protons, proteoses and 
peptones 

Protein* 

Casein 

Protein*, proteose*, anc 
Witotei 

Pronin*, proteoses anc 
1 tones 

Proteoses pepton« 

1 Poly pept de» and atom 0 
IVuteoM* and peptone* 
Paracasein . 

1 Poly peptides and am-D* 

lj P^Vl*p«ides*ndamii» 
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Classification of ENZYMES-(Coilimi.«i) 


Name and Clatt 

Distribution 

Substrate 

End produet* 

Enzyme* ContowiM C »- 

enzyme* I audfor II . 

1 Atcohol dehydrogenase An 

2 Malic dehj drogenase At 

3 Isocitnc dehydrogenase A. 

4 Lactic dehydrogenase Aj 

5 0 Hydroxy butyne de- Lj 

h\ drogenase . 

6 Glucose dehy drogenase \ 

7 Robn-on ester dehy 

drogenase , 

8 Gly ceropbospbate de- v 

h> drogenase T 

9 Aldehyde dehydrogen L 

imal and llant t s Ej 

J^al and plant Us- n( 
umal and plant tis n- 
aimal tissues and L 
east , 

Aer Sidneys and n 
ieart ' 

mmal tissues " 

ry tluocy tes aDd yeast i 

tumal tissues c 

liver ‘ 

tlyl alcohol and other A 

icohols J 

— ) Malic acid vj 

Isocitnc acid c 

actio acid * 

p Hydroxy butyric A 
ac d - 

-Glucose , 

Lob son ester (hexose- J 
6 -phospbate) . 

Jly ceropbospbate 

tldehy des 

cetaldehy de and otl r 
ildehy des 
ixal acetic aciu 

Ixalosuccimc acid 
’y rune acid 

Lcetoacetic acid 

(-Gluconic acid 

’liosphohexowc acid 

Phosphogly cenc acid 

Acida 

“toumti 1U. cK Reduce 
Cy~oc) ronte . 

1 Succinic deh> drogenase J 

(as ordinarily prepared) 

Plants animal* and : 

microorganisms 

succinic acid 

Fumanc acid 

1 tlloie Enzyme* 

1 \\ arburg a old yellow 
enzy me 

2 Diapborase 

3 Haas enzyme 

4 \antlune oxidase 

5 n-Amino acid oxidase 1 
C If- A mino acid oxidases 

7 TPN C> tocbro me C re- 
ductase 

8 DPN C> tocbrome C re 
ductaee 

A cost 

Bacter a yeasts higher 
plants and animals 

A east 

Animal tissues j 

Animal tissues 

Animals snabe venom 

A east liver 

■ Liver yeast 

Reduced coenxy me II 

Reduced coenxy me I 

Reduced coenxyme II 

Hypoxanthine xan 
thine aldehydes re- 
duced coenxyme I 

d- A mino acids + Or 

n-Amino acids 

Reduced coenxyme II 
and cytochrome G 

Reduced coenxy me I 
and cytochrome G 

Oxidized coenxyme II 
and reduced yellow 
enxyme T 

Oxidized coenzyrae l 
and reduced diapbo- 

OxTdized coenxyme II 
and reduced yellow 

viKhX. RRJ 

s* r« “?» p°" 

d. + NH.+ 
HiOt , , 

Iveto acids and am 
moma TT 

Oxidized coenzyme U 
and reduced cyto- 
chrome C , 

Oxidized coenxy me t 
and reduced cyto- 
chrome C 

Hydrases 

1 Fumarase 

2 Acomtase 

3 Enolase 

Living organ sms in 
general 

Animals and plants 
Animal tissues and 
yeast 

: j Fumanc acid +HrO 
Citnc acid 

l 2 Fhosphogly ceric acid 

n-Malic acid 
rvr-Acooit c ac d and 
u- isocitnc scu 
Phoaphopy runo ac u 
+ HiO 

Minuses 

1 Clyoxalase 

Living organisms n 
general 

a Methyl 6 b°*a' “,“ c 

other substituted gly 

l n( — JLactic acid 

Desmolases 

1 Zy mohexase (aldolasi 

2 Carboxylase 

3 0-Keto carboxylases 

4 Amino acid decar be 

ylasca . , 

a Carbonic anby drase 

») All cells 

^airiact-.- 

II Plants' animals ba 
Erythrocytes 

Fructose 1 6 diphos 
pliate 

Pyruvic acid 
a p Keto acids 

c- x. Amino acids 
Carbonic ac d 

Dihydroxy acetone 
phosphone acid and 

a®s. 

a- Iveto acids 

Anunes and COz 

CO. + UrO 

Starch or gb cogen at 

thosphate 

g- Glucose- 6 -phospnate 
a Adenosmetnphoepha 

+ glucoee 

Glucoae-l phosphate 

,d Glueose-l phosphate 

t ructose- 6 -phosphate 
te Adenosuiedipbospl ate 

+ glucose 0 phos 
cTtueose-C-phospl ate 

Other enryroea 

1 Pliosphory lase 

2 Phoaphohcxoison er 

3 Hcxokinase 

4. Phospboglucomuta 

Animal and plant t 

ase Animal and plant t 

Aeast, animal t Ssue 

30 Plants and animals 
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may also be hydrolyzed by pepsin m acid solution, and the loss in actm J 
is just proportional to the hydrolysis of the trypsin protein 

In the case of tho»c crystalline enzymes w hich have been moat studi 
it seems clear that the enzy me activity is bound up with the mte^ntj o 
the protein of the preparation and that these tnzy mes are thus prope J 



Fig 74 0-Amtlase Crystals 

CourUmy, Dr A. K. 
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of which 13 bound up With ^^^^h^evcrfmuch less peroxidase 
example of such an oxidase Heme ^ ^ both dements are 

activity than its natural pro Preparations of certain other 

evidently essential for ^^" '^‘'“d l.pas^havc been variously 
enzymes such as amylase, s , ^ Protein tests made on 

reported as protein-free or J ery , “ nc!uS ive, since the protein tests are 
enzyme solutions are, how e ’ nzyme activity As to the nature of 
far less sensitive than the tcs f ‘“ r f ,nch are responsible for the speci- 
tlie groups in the enzyme molecules » “ ^ m the cases of some 

ficity of their action, almost nothing is knoll n 

of the oxidases . _ pnzvme Actions. Hot only do pro- 

Speciflcity and M cch ““ta” nQr car b 0 hydrases upon proteins 
temases not act upon carbohy j t Tlius ma ltose, lactose, and 
but much greater degrees of specified y ydro l ysls Further, the mat- 

sucrose require different “ J d cert am other a glucosides, 

tase of yeast splits maltose (an g J ema \ sm hydrolyzes only 0-glu- 

but not d-glucosides, but d-gluc any glucosides in which the 

cosides The maltase will n > specificity appears to depend 

a-glucosc residue has been a er sec ondanly on the group attached 
pnmanly on the glucose resld “ e , on the configuration of the sub- 
to it The dependence of enzym {act t hat dipeptidase will attack 

strato is further brought out y waa findings of this sort that 

glycyl-L-leucine but not glycyl-“ [ation of enzyme to substrate was 

led Emil Fischer to suggest that “ie mia 

much like that of a key to a loc catalysts Our knowledge of 

It has been pointed out that ei y , alvseg is, however, very slight 
the mechanisms involved in euzy , intermediate compounds with 
There is much evidence that ( ' uz -’ ^ , n termediate compoundrs believed 

the substrates on which they ac substrate so that the latter now 

to be much less stable than the o S being again liberated According 
breaks down spontaneously , t e en y ^ Q g rou ps (or perhaps more) 

to the views of some workers there y actmg chiefly to bind the 

m the enzyme which are involve . ^ com bmcs with another part o 

enzymewith the substrate while , i tv „f the substrate This view h 

the substrate so as to reduce the ^ peptl dascs 

been developed especially m com' udes made up of naturally occur- 
Intestmal dipeptidase will split ah PW contalnlng the optical isomers 
ring ammo acids It will not sp P P ne be split but not glycy " 
of these ammo acids Thus glycy peptide is estenfied (as y 

D-leucme If the free carboxyl group ocours mdicating that the enzyme 

malan g theethyLester),hydrolys.sst^occum^ ^ ^ group , 

does not combine with the car - 8 rjjys mdlca tcs that the enzy m 

acetylated, the compound is n peptide If the H of the NH g P 

combme3 with the ammo group acted upon Replacement of t 

of the pept.de is substituted, it is no ■ “““Jg 

of the adjacent C atoms also prove „ must have at least four 

These observations indicate that ■ t ^ ^ four p3 the 

groups showing a similar space f that the enzyme combines with 

dipeptide It has been suggested luruie 
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the dipeptide first through the ammo group and then a second group in 
the enzyme attaches to the NH group, this latter linkage leading o a 
lowered stability of the peptide linkage so that splitting occurs It 
been shown that acetylation of the NH group in peptides does lead o 
instability The findings may be summarized diagrammatically as fo 
lows It must be understood, however, that no explanation of the mecna 
nism of such enzyme actions is yet established 


HjN- 


R 

I 


C— C— N- 

I II I I 

H 0 H H 


C— COOH 


Enzyme— 


Kcilm and Hartree observed that peroxidase forms compounds witl 
hydrogen peroxide that show definite absorption bands Chance ha 
investigated these compounds also compounds of catalase with hydroge 
peroxide The reaction of catalase with hydrogen peroxide is 


Cat (OH) 4 + 11*0, = Cat(OH)jOOH + H,0 
Cat(OH)jOOH + 11,0* - Cat(OH ) 4 + H*0 + O* 


The reactions with peroxidase would be 

(1) PcrOH + 11*0* = PcrOOH + 11*0 

(2) PcrOOH + AH, (oxidizablc substance) = PerOH + H*0 + A 
Action of Physical and Chemical Agents on Enzymes. Vanatioi- 

ot temperature and of hydrogen ion concentration of the medium have » 
marked effect on enzyme action The speed of action must naturally also 
♦' » rru co “ ccntratlo, i of the enzyme and the concentration of the 
? C f , effects of activators, of coenzymes, and of a proper coa- 
iii rr it ^ ect . r0 y , te , arc ,m Portancc m many cases, as well as the 
nrS '" h ' b,tora ” r "poisons ” As digestion proceeds, the 

7„Eirf ? act,on “a inhibiting effect 

then Xfon , Tamperature 'lost enzymes are inactivated by beating 
,i“‘ “ lo temperatures in the neighborhood of 00“ C This inac- 
tion In somn riuuiu tu"*^ 1 a t * cnalura tion of the protein of the prepara- 
dciuturation nrno. lcr ® 18 » on 8tan dmg an appreciable reversal of the 
Heat rLutaimo l" 0 ' ?' rca pP L “ r “nce of borne enzyme actively 
stances such aa tlieen ° ,n Iiut -nccd by the preaence of protective sub- 
in acid than “ ^ 

~d.lt, on ,t may endure tem^ . “ a “ "! tact vcr y 1,1 

conditions it la denatured Imt /,!. nCar tbc bollm B point Under thra« 
rtinfiemturca aa loa aa freezii,,.,!,!'' 0 ?'’ “ ra P ltll y reversed on cooling 
Within tluir at live ranee in - d not commonly destroy enzymes 
(Q,.) of alamt J , t .af ,nu “ l cni > hav e a temperature eocffic.cn* 
10 d, gr.a-, t rlM , i„’, l r 'r“ ,l “ hl l' double their activity for each 
inactivation niflutncea the ^ lbL Um P t raturo nsea, however, 

the result s„ K e mart, t at,,,,, also ,„ crta sea with 
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risc >n temperature « 

enz>me is thus determine > amount of enzyme present due to 

ruth temperature and decrease ents enzyme destruction becomes 
mactiv ation In prolonged experiments, and the optimum temperature 

more important than in slio I ^ Tlle maJon ty of enzymes act 

ts— oi «»-.»< “SST™ 

yated by certain degrees of acidity , jj g jjy the optimum pH 

activated rapidly below pH ^ ^^XvhicliktXshows greatest activity For 
of an enzyme is meant the pH H 4 and 8, and for many between 

most enzymes this pomt bes b „ range ls rat her narrow and 

pH 5 and 7 For practically all en ym t P , —m The best pH de- 
activity falls off rapidly on bo * md enzyme and substrate eon- 

pends to some extent on temp change the optmium pH of an 

centrations The nature of the u ‘ ^ tbe nature of the substrate 
enzyme considerably The same ^ case 0 f protems the optimum 

men the substrates are lomzable, One of the lowrest 

pH may vary with the substrate ™ ,s ,s !™ d one 0 f the highest that for 

pH optima is that for pepsin (P» *> H roay a ff e ct the dispersion of 
blood phosphatase (pH 9) oHter f enzyme and substrate, and 

the enzyme, the rapidity of comb ““ ° co m P eK with the formation of 
the decomposition of the enzyme-substrate comp 

reaction products > rs Enzymes may be destroyed by 

Influence of Other Physical 1 £ s These agents probably 

shaking by ultraviolet irradiation and y 

act by denaturing the enzy “® wT os t enzymes when acting at opti- 

Influence of Chemical Age -Edition of chemical agents either 

mum temperatures wall show, on some cases, however, an ac- 

an inhibiting effect or no effee preparations are inactive unless 

'deration is noted, and certain enzyme prepa 

additions are made . NaCl it becomes mactivo on 

If salivary amylase is dialyze addition of sodium, potassium, or 

starch but activity is restored on me a be callcd a coenzyme 

certain other chlorides The c -which are specific for particular 

1 e , it belongs to a class of su of those enzymes In this sense 

enzymes and necessary for th action of zymase, is also a coenzyme 

phosphate which is essential 01 cozymaso which is also necessary 

as is the organic crystalloidal sub ta y the tcrm coc nzyme to organic 

for zymase action More recert usage ^ dipbos phopyridme nucleot.de 

compounds which act in tins ’ cb metallic 10ns as Mg , 0 > 

Many enzymes are mtiwtcd by d thc ac ti V ation of various 

Mn++ Zn++, etc Emil Smith ha f\ £ the bonds between substrate 

peptidases and believes that at leas t wo 
and enzyme ale tluougli the metallic ion 
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Activators and kirrasts are believed to bring about chemical changes in 
the inactive forms of enzymes, so as to render them active Thus HC1 
changes inactive pepsinogen to active pepsin The pepsinogen here is 
called a zymogen or proenzyme and the 1IC1 (or more strictly the H ion) is 
spoken of as an activ ator Activators of an organic character are some- 
times called kinases Thus trypsmogen is changed to active trypsin by 
enterokmase Enterokmasc is probably an enzyme It can be replaced 
by trypsin the action of trypsin upon tryp->inogcn, therefore, is auto- 
catalytic Chymotrypsmogcn and procarboxypeptidase also are activated 
by trypsin 

Enzymes are poisoned by a variety of substances which form com 
pounds with them A number of heavy metals stop enzyme action, ap- 
parently by combining with the enzyme acting as an acid, though com 
bination w ith sulfhydryl groups m enzymes may also be involv ed Urease 
is sensitive to traces of heavy metals IIjS may combat this toxicity of 
the heavy metals probably by combining with them 

HCN and IIjS have little effect on most hydrolytic enzymes The pro- 
teinase called papain is, however, activated by them, and the action of 
kcratinase is much facilitated by the presence of H*S Certain oxidase* 
are inactivated by these substances m small amounts, apparently because 
they combine with the active iron of these enzymes 

Certain acids, such as phosphotungstic or picnc acid, combine with the 
enzyme, acting as a base, to form inactive compounds 

Antienzymes include various naturally occurring inhibitors with some 
degree of specificity The blood serum contains antitrypsin, and themuco*a 
of the intestinal tract appears to contain some antipepsin and antitrypsin 
In addition there are various antienzymes which are true immune bodies 
produced by the usual methods for producing antibodies For example, 
antilucifcrase, antiurease, and anticatalase have been produced by m 
jecting the appropriate enzymes into animals 

kinetics of Enzyme Actton. Enzyme kinetics deals ivith the velocity 
of enzyme reactions and with agents or factors which affect this velocity 
ft is usually possible to cause the lelocity of an enzyme-catalyzed 
reaction to remain constant for a sufficient penod of time to allow meas- 
urement of the enzyme by determimng the reaction rate, if enough sub- 
strate is used and if other factors such as pH, temperature etc are held 
reasonably constant k reaction of this yancty is called one of apparent 
zero order and follows an equation of the form 

(1) f - / or 

(la) x — 1 1 

where x is the amount of substrate decomposed in time t, - is the reaction 

lelooty , and 1 is a constant depending upon the amount tf enzyme pres- 
ent Pros ided that factors such as pH and temperature are held constant, 
I can ho used as a measure of the amount of enzyme present 

'I tl; ^ °j substrate^ employed is low, as is necessary with 

"" mM n ~ " * 2 gradually destroyed by excess sub- 


enzymes such as catalase which s 
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strate, the reaction \elocity is often proportional to the amount of sub- 
strate present at any time Such a reaction is called an apparent mono- 
molecular or first-order reaction and follows the equation 

(2) 1> = § = A (A - x) 

(deduced from simple application of the mass law) where the velocity v 
must be expressed using the calculus notation — instead, of since v 

varies continuously with x The term A signifies the initial concentration 
of substrate, x is the decrease in concentration of substrate (equivalent 
to the increase m concentration of products) that has occurred at time t, 
and L is a constant which varies with the amount of enzyme (at constant 
pH, temperature, etc ) and can be used as a measure of the amount of 
enzyme present 

Since Equation (2) is not applicable as it stands, it must be transformed 

u dr 

by use of the integral calculus to eliminate the ^ term When this is 

done the following equation is obtained 

(3) l0 S(irb)" U - or 

(3a) ^7 '°S(t4v) 

If it is desired to obtain the theoretical initial reaction velocity, this 
can be done by multiplying K by A, or 

v, = LA 


as is apparent from an inspection of Equation (2) 

The use of the term apparent in describing the order of enzyme- 
catalyzed reactions is necessary because such reactions usually consist 
of a sequence of bimolecular reactions, one of which may be rate-limiting 
and therefore control the observed kinetics In case w ater is involved m a 
rate-limiting bimolecular step, a truly bimolecular reaction will follow 
monomolecular kinetics, as is explained in texts on physical chemistry, 
owing to the essentially constant water concentration Bimolecular 
kinetics are observed with only a few enzymic reactions and will not be 
considered here 

In case the concentration of substrate is neither very high nor \er> 
l°w, the observed kinetics of an enzj me-catalj zed reaction may not 
follow either an apparent zero-order or an apparent first order reaction 
In such a case it is still possible to obtain a \alid measure of the amount of 
enzyme present from kinetic studies if one can measure the length of 
time necessary to att un decomposition of a certain fixed percentage of 
the substrate (say o per cent) In tins case the amount of enzyme is pro- 
portional to the reciprocal of the time \ alue 

As has been inferred abov e, the rate of an enz> me-catal> zed reaction 
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can be affected by factors such as change in temperature, change in pH, 
and change n substrate concentration (or partial pressure, if a gas is 
reacting) In addition the enzyme raaj be inactivated by the substrate or 
inhibited by various types of enzyme inhibitors 
Temperature change generally results m a bell-shaped curve "hen 
enzyme activity is plotted against temperature, with a pronounced 
optimum Ihe latter results from an enhancement of reaction rate as 
the temperature increases, followed eventually by a decrease in rate owing 
to the denaturation or destruction of the enzyme at higher temperature 
\alues The exact position of the temperature optimum is not of theo- 
retical significance however, since it is dependent upon various factors 
such as substrate concentration, pH, and the time interval during which 
the measurement of actn lty is earned out It is very difficult to arrive at a 
good estimate of the initial reaction velocity in determining temperature 
optima Hence a somewhat better procedure is to determine the effect 
of temperature on the enzyme by treating it at various temperatures 
for a given length of time and then determining activity under standard 
conditions of pH, temperature, and substrate concentrations By this 
procedure an S-shaped curve is obtained which gives a more reproducible 
measure of the destructive effect of temperature on the enzyme The 
effect of temperature on enzymatic activity is of theoretical significance 
(in calculating energy of activation) in the range where no damage to 
the enzyme is occurring, and throughout this range enzyme activity 
generally increases with temperature increase in a predictable way 
Curves showing the effect of pH on enzyme activity in general give 
optima which arc of theoretical significance Changes in pH may affect 
primarily the substrate or the enzyme, or both, and are concerned with 
producing the necessary ionic states of the enzyme or substrate or both 
A fundamental approach to enzyme kinetics was developed by Michaels 
and Menton 1 , who proposed to measure the affinity of an enzyme for its 
substrate by studying the effect of substrate concentration on initial 
reaction velocity with a constant amount of enzyme present The theo- 
retical treatment is based upon the assumption of the following sequential 
reactions involving enzyme, substrate and reaction products 

f M\ *- l, 

w E + ,S ;=t ES E + P 

k z 


S f “ r substrate and P for products The Vs 
In the , ° r thC rcact ' 0n,, 38 ,nd ‘ calcd by arrotts 

EsVfi + P IW. r • 13 ! f’ umcd ,hat ‘be rate-limiting reaction u> 
Sechratc nroeei °" ° f ES ^ m “ h rapid By a simple 

be dewed , , ^“Pbon a made, the following equation can 

lty V ohUmeS t ° '* !t " ecn the maximum reaction veloc- 

is JiXed t dh™ ? ? “TV'' b “ bslrat <= » pretent and the enrjme 

, obtained with sub- 


Btorhtt 


Z « 333 (1913) 
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( 5 ) 


(5a) 


”• [S] + K m 



or solving for K m , 


where v, is lmtial reaction velocity for the enzyme-catalyzed reaction in 
question, [5] is substrate concentration, and K m , the Michaelis constant, 
is the dissociation constant for the enzyme substrate complex l e , the 
equilibrium constant for the reaction ES E + S In this simple case 


therefore, K m = 7^ where the small A.’s are defined as above In case the 
decomposition of tile ES complex to yield enzyme -f- products is not 


strictly rate-limiting, K„ must be interpreted 3 as 


A/2 d” hz 
~ k t 


It will be 


noted that in the simplest case K m is an in\ erse measure of the affinity 
of enzyme for substrate l e the smaller the K m value, the higher the 
affinity 

In theory, K m is equal to the substrate concentration when v, = YzV m 
However, m determining K m values Equations (0) and (oa) are not very 
suitable, since is not easily obtained Equation (5) is a branch of an 
hyperbola, but in practice if on attempt is made to obtain V m from an 
estimate of the horizontal asymptote, large errors usually occur for vari- 
ous reasons However, it is possible, as shown by Lineweaver and Burk, 4 
to transform Equatiou (5) into a linear equation simply by equating the 
reciprocal of both sides and simplifying by division Equation (6) is 
thus obtained 


( 6 ) 


i 1 , g- 

<1 r„ + F4SJ 


Here the intercept is -p- and the slope is ^ There is one objection to this 

transformation, however, namely, that points representing very low 
substrate concentrations, which are likely to be inaccurate, are grven too 
great weight, since they become increasingly spread out in the plot of 
^ 1 

t> against j-gj A second type of transformation of the original Equation 

(5) is better in this respect It is obtained by multiplying the last equa- 
tion, (C), by [S] to give 


(Ca) 


t, “ V m ^ V m 


^ ^ ls Pitted against [SI, the slope is ^7- and the intercept is ^ From 
the intercept and the slope, K m is therefore rcadilj obtained 


* Briggs and Haldane Btochem J 19 33$ (lO^o) Wilson Cl apter in Lardj (ed ) 
Ketpiratory Ln ymes Minneapolis Burgess Publisl ing Co 1DS0 p 17 

* Linewea% cr and Burk J Am Chtm. Soc Si G5S (1931) Ecaptralory Enzyme* loc. 
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The affinity of enzyme for substrate is of the utmost importance and 
may eventually turn out to be the determining factor in deciding why an 
enzyme consisting of a protein plus a prosthetic group is so much more 
efficient as a catalyst than the prosthetic group alone 
Synthetic Action of Enzymes. Enzymic reactions can be divided into 
two classes 

(1) Exergonic, or those which liberate energy 

(2) Endergonic, or those which require addition of energy m order to 
occur 

Ihe reactions which result in the synthesis of glucose- 1 -phosphate 
from glucose, glutamine from glutamic acid and ammonia, acetylcholine, 
urea, peptides, riboflavin phosphate, coenzyme I, etc , are endergonic 
The energy for these reactions is supplied by the breakdown of adenosine 
tn phosphate 

Enzymic reactions can be divided also into 

(a) Those which proceed to completion 

(b) Those which proceed to a point of equilibrium at which both sub- 
strate and products are present in measurable amounts 

Examples of (a) are the decomposition of hydrogen peroxide by cata- 
lase, the formation of rhodanate from cyanide and thiosulfate by rhodan- 
cse and the synthesis of gum dextran from sucrose by dextran sucrase 
An example of (b) is the conversion of glucose-O-phosphate to glucose-1- 
phosphate by phosphoglucomutase At equilibrium the digest will con- 
tain 5 per cent of glucoso-l-phosphate and 95 per cent of glucose-O- 
phosphate 

One of the most sinking demonstrations of the reversibility of enzyme 
action can be obtained w ith phosphorylase This enzyme which is found 
in animal tissues as well as tissues of plants, catalyzes the breakdown of 
glycogen or starch to glucosc-l-phosphate 


starch + H 2 P0 4 ^ glucose-l-phosphate 
Ihe glucose-l-phosphate (Con ester) can be isolated readily from the 
system If glucose-l-phosphate is added to a potato phosphorylase prep- 
aration, starch amylose is rapidly formed and can be detected by the 
color it giv cs with iodine solution Tor this reaction to occur it is necessary 
to pnme the digest by adding a trace of glycogen or starch Muscle phos- 
phorylasc likewise produces starch from glucose-l-phosphate Phos- 
phorylascs prepared from liver, brain, heart or yeast form glycogen 
rom glucosc-l-phosphate These phosphorylases contain two enzymes, 
oruinary phosphorylase, which forms 1-1 linkages, and the Q enzyme, 

tltS/uc™ ‘dii lmkl “ !CS ThC laWcr “ not a tmo Phosphorylase, but a 
rtio possibility of reversible or synthetic action of enzymes has thus 
sS tZTl ■ aml “ 18 ,h ° latest '" lM to know the part that 

ca ohr Z T m “ y pUy th0 ayuthesis of proteins, fats, 
cartiohj urates, and other substances m the animal body 

OXIDATION AND REDUCTION SYSTEMS 

prL'Si' Zidlh'n the T 1 "”' Uvmg mattor 18 <1 “>vcd from os.datrvc 

processes Omdat.on .moires the loss of negative electrons from the sub- 
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stance oxidized, these electrons passing to the oxidizing agent which is 
simultaneously reduced Thus the reaction of ferric chloride with potas- 
sium iodide involves a transfer of electrons from the iodide ions to the 
feme ions so that the iodide is said to be oxidized and the iron reduced 
Biological oxidations involve the same transfer of electrons 

j? e +++ -f. 3C1- + K + + I - ♦=* Fe^ + 3C1~ + K + + I 

In many oxidations the products of the reaction possess less energy than 
the reacting substances, and m these cases energy is liberated as heat or 

in some other form . . , , 

Many oxidations are coupled .uth the formation of esters of phosphoric 
acid such as adenosinctnphosphate Inorganic phosphate is used to form 
these esters The esters which are formed primarily are very labile, and 
there is a considerable free-energy decrease (about 10,000 calories) when 
they are hydrolyzed Such an ester is adenosmetnphosphate, which con- 
tains two such labde phosphoric acid groups These labile phosphoric 
acid residues are connected in a manner similar to that found in pyro- 
phosphonc acid and the bond is sometimes called a high energy p osp 
bond The formation of such compounds is a matter of considerable sig- 
mficance It suggests how a cell might make use of the energy o o xl _ 
tion For example, in the presence of hexohinase from yeast or muscle, the 
following reaction occurs 


adenosinetriphosphatc + glucose • 


► adenosmediphosphate 

+ glucose-G-phosphate 


Thus glucose is changed into a form in which it can readily enter into 
the intermediate reactions of carbohydrate metabolism One might ask 
why phosphatase could not do the same thing with glucose Phosphatase 
catalyzes the following reaction 

glucose-G phosphate -4 glucose + phosphate 
It 13 commonly considered that all enzyme reactions are reversible How 
ever, thermodynamic considerations suggest that, although this reMtom 
may be reversible, the equilibrium would be so far to the that the 
reverse reaction would be physiologically insignificant Thus i there uoul 

by oT,;i= 

hydrates and proteins are dehydrogenations, brought about by » 

?raple? “mpoundt “e dTph^phogltcenc aldehyde* glycerophosphate, 

choline, ammo acids, etc , , . „ 

The individual dehydrogenases are frequently composed of a specific 
protein loosely united with coenzyme I or coenzyme II Coenzyme I is 
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also known as dipliosphop>ndmc nucleotide, or DP\ Coenzyme II is 
tnphosphopyndme nucleotide or FPN 

The hydrogen that is ‘•pht of! unites with these toenzymes, looming 
DPMI and TPNH The hydrogen raaj be next taken up by IP 
cytochrome C reductase, or by DP\ c> tochromc C reductase 


TPNH + TPN -cytochrome C reductase 1 PN 

4- reduced 1 l’N cytochrome C reductase 


This enzyme next reacts with cy tochromc C 

reduced TPN cytochrome C reductase 4- cytochrome C 

^ TPN-cj tochromc C reductase + reduced cytochrome C + *** 

Finally m the presence of atmoaphcnc oxy gen and cy tochromc oxidase, 
the oxidation is completed 

reduced cytochrome C 4- 2II + 4* J40j = cy tochromc C 4* H-0 

Some of the hj drogen present in substrates enters the Krebs cycle and 
is split off at one stage or another One of these reactions inv olv es succinic 
acid, which is oxidized by the succinic oxidase system Here the initial 
reaction is 

succinic acid ^ fumanc acid 4- 211 
(succinic dehjdrogcnasc) 

The route - raveled by the hydrogen is probably as follows 

succinic acid -4 cytochrome B -4 cytochrome C 

-4 cytochrome A -4 cytochrome oxidase 

If some easily reduced dye, such as methylene blue is present it will 
be reduced to leucomcthylene blue in the presence of succinic acid 


succimc acid 4- Mb fumanc acid 4- MbHj 

(succinic dchjdrogenasc) 


When leucomcthylene blue comes m contact with ox>gen it is reoxidized, 
forming methylene blue and hydrogen peroxide 


AlbHj 4- Oj = Mb 4- H 2 0 2 

A number of yellow enzymes (old yellow enzyme xanthine oxidase, 
glucose oxidase of molds D-ammo acid oxidase) in the reduced state can 
react with gaseous oxygen to form hydrogen peroxide In living cells this 
hydrogen peroxide is very rapidly decomposed by the enzyme catalase 
This reaction is 


2H 2 0 2 -4 2H 2 0 + 0 2 

Catalase is a heme-protem found in all living cells with the exception of 
certain bacteria Its function appears to be the removal of the hydrogen 
peroxide which is toxic Keihn and Hartree have observed that catalase 
ea^tabze hydrogen p f roxide to ox, dize methyl and ethyl alcohols to the 
corresponding aldehydes On account of this reaction TheoreU has sug- 
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gcsted that catalase is an important peroxidizmg enzyme However, tins 
hypothesis has little to support it at the present time 

The hydrogen peroxide may also be removed by peroxidase Tins 
enzyme, in the presence of H 2 O 2 , oxidizes various phenolic compounds 
and amines, such as pyrogallol, guaiacol, hydroqumone tyrosine, adrenal- 
ine. etc Peroxidase is a heme-protem, in fact, even hemin itself has a 
very slight peroxidase action Peroxidase, like other heme containing 
enzymes, is inhibited by HCN, H-S, and sodium azide 

Oxidation by activation and transfer of hydrogen also occurs m the 
oxidation of aldehydes First of all the aldehyde is hydrated 

R— CHO + HjO -+ R— CH— OH 
OH 

Aldehyde Hydrated aldehyde 


The hydiated aldehyde is then oxidized 


R— . CH— OH + B -+ R— C=0 + BH: 




Hydrated aldehyde 


in 

Acid 


This type of oxidation occurs in the oxidation of acetaldehyde to acetic 
acid by aldehyde dehydrogenase Similarly alcohol dehydrogenase 
mediates the oxidation of alcohols to aldehydes, as, for example, vitamin 
A to retmene _ , , , , , 

Cytochromes. By use of the spectroscope, Keibn was able to demon- 
strate in living cells the presence of three closely related substances 
which he called cytochromes A, B, and C Cytochromes appear to be 
present m all living cells except a few bacteria The cytochromes are 
heme-protem compounds The absorption bands of the reduced cyto- 
chromes may be easily observed by looking at a yeast suspension with a 
spectroscope If a stream of air is bubbled through the suspension, the 
cytochromes are oxidised and the bands disappear In animal tissues the 
cytochromes commonly exist piedommantly in the oxidized form 
Oxidation by Activation of Oxygen. Warburg found in living cells a 
heme-cont ninin g compound winch has the property of actix ating oxygen 
and which he called the respiratory enzyme The activity of the enzyme is 
dependent upon the iron present, since HCN, in small amounts, and 
carbon monoxide inhibit the action, apparently through combination 
with the metal The inhibition by carbon monoxide can be obtained only 
m the dark Warburg’s respiratory enzyme is apparently identical w ltb 
the enzyme formerly called mdophenol oxidase and now known as cyto- 
chrome oxidase , 

Cytochrome oxidase, m the presence of molecular oxygen, oxidizes 
reduced cytochrome C, as has already been described 

Cytochrome C is reduced by such substrates as hydroqumone and by 
the Nadi reagent, a mixture of dimethyl p plieny lenediamine and a naph- 
thol Here the reaction is 
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Dimethyl- a-Napbthol ImJophenol blue 

p-phenylene- 
dtamine 

Yellow Enzymes. TPN-cytochrome C reductase and DPN-cytO' 
chrome C reductase are yellow enzymes These enzymes contain nho- 
flavin (vitamin Bj or G) in their prosthetic groups The prosthetic 
group of cytochrome C reductase consists of nboflavin phosphate (lsoal- 
loxazino-D-nboso-phosphatc) which is sometimes called a mononucleotide 
There are other yellow enzymes which contain such mononucleotides as 
prosthetic groups An example is the old yellow enzyme of Warburg 
Other yellow enzymes contain prosthetic groups composed of riboflavin* 
phosphatc-phosphate-D-nbose-adeninc Such a compound is called a 
dinuclcotide Examples of yellow enzymes which contain lsoalloxazme- 
adenine dmucleotidc prosthetic groups are diaphorase, the Haas yellow 
enzyme, xanthine oxidase, and d amino acid oxidase These yellow' 
enzymes function in hydrogen transport as outlined above It is the 
prosthetic group of these enzymes which is oxidized and reduced 
Copper Enzymes. There are various enzymes which contain copp er 
These are all inhibited by HCN in much the same way as the iron-con- 
taming enzymes cytochrome oxidase, catalase, and peroxidase One of 
these copper enzymes is tyrosinase This enzyme is apparently identical 
with monophenoloxidase and polyphenoloxidase This enzyme oxidizes 
various phenolic compounds buch as phenol, catechol, cresols, tyrosine, 
pyrogallol, and dopa (3,4-dihydroxyphenylalamne) For example 


OH O 



Catechol o-Quinone 


"Water, not hydrogen peroxide, is always formed as a result of oxidation 
by this enzyme, and gaseous oxygen is used as the hydrogen acceptor 



u 

J 
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Tyrosinase is also ,nh.bited by 11,3 and by CO The .nh.bit.on by carnon 
monoxide is not influenced by light Tyrosinase is commonly found in 
plant tissues, bacteria, and fungi, it also occurs in animals Tyrosinase is 
very similar to laccase u hich is also a copper-containing enzyme Laccase 
is found in various plant tissues and differs from tyrosinase in that it 
does not oxidize tyiosme or p cresol j. 

Ascorbic acid oxidase is another plant copper con ““'the presence of 
catalyzes the oxidation of ^ascorbic acid (vitamin C) m the presence ot 

oxygen 0 

II 

C 

C— OH 

Loh 

hL 

HO — <!j- — H 
<^H,OH 

L-Ascorblc acid ^'^(hydrated) 

The dehydroascorbic acid may be reduced by hydrogen - these 

It has been proposed by various workers tha oi e ' same 

copper-contanung enzymes function m plant tissues i t 

way as does cytochrome oxidase m animal tissues The matter is as yes 

^Sulfhydryl Group in Oxidations. Practically all 

color with sodium mtroprusside and ammonia s in am ino acid 

of the sulfhydryl group R-SH Such a group is found m J ^ tQ 
cysteine HOOC CH(NH 2 ) CHpSH Cysteine is not howeve ^ w 
any extent in the tissues as such but is found m a PP^ Mutamic 

the form of glutathione, a tnpeptide of glycine, cys , 
acid, which has the following structure 

COOH CH CH, CH, CO— KH CH CO— NH CH,COOH 

i!jh, ch^h ^ ^ 

On oxidation cysteme may be converted mto tlie disulfide f arm o y 
R-SH + HE+-R + 0-1 R-^R + II.O.andthecysUnem 

reduced to cysteine R — S — S R + ~H -* 2R q this r eac- 

also be oxidized to the disulfide form 2G— -Sli -* glutathione and 

tion also being re\ersible The widespread occurrence « e G f action 

the amounts found in cells indicate its importance u , methods of 
is not yet clear Glutathione has been synthesized 
organic chemistry and by the u«e of enzymes mcs has increased 

New Coenzymes. In recent y ears the list of co^ ueccssary f or tho 
considerably Thus, we have undine diphosphogl 
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cornerman of gaUctosc-l-phospliate to Blucost-l-pliosplutc 1)} the cn- 
„ mt known ns phosphogalactosc itomerisc Couujme III, found 
yeast, is required for the oxidation of L-cystcinc bulfnnc acid to ey&teic 

A jet more interesting cocnzyme is coenzyme 1, containing pantothenic 
acid (q\ , Chapter 33), adenylic icid, and mcrcaptocthanolamme 
Cocnzyme A functions in the acetylation of aromatic amines by pigeon 
liv cr homogenates in the presence of acetic acid and ATP Here the inter- 
mediate product is acetyl coenzyme V Coenzyme A is required for the 
acetylation of choline by nervous tissue Aged extracts of autolyzed 
pigeon liver convert oxalacetic acid to citric acid if coenzyme A, ATI, 
magnesium ions and acetate arc present Coenzy me A is necessary for the 
catalytic transfer of acetyl-bound phosphate, as well as for the arsenoly sis 
of acetyl phosphate by the phosphotransacety lasc of Clostridium Jluy - 
ten In this process coenzyme A accepts an acetyl group from pyruvic 
acid and forms acetyl phosphate The enzyme present is phosphotrans- 
acetylase, which occurs neither in animals nor in yeast Bacterial phos- 
photransacetylase together with an enzyme from pigeon liver can employ 
synthetic acetyl phosphate to synthesize acctoacetic acid 

Coenzyme A is thought to be involved m the synthesis of phospho- 
lipidcs Here ATP supplies the energy It was found that yeast extracts 
convert coenzyme A to a pyrophosphate in the presence of ATP Ihis 
compound can react with acetate to give rise to acetyl cocnzyme A and 
pyrophosphate 

6-Thiociic acid (hpoic acid, or 6 8-dithio-n-octunoic acid) lias been 
isolated in crystalline form from liver and from y east This substance is 
necessary for the growth of the protozoan Tetrahymcna geln and is able 
to replace acetate needed for the growth of Lactobacillus casei It appears 
that hpoic acid is necessary for the oxidation and dismutation of pyruvic 
acid by Streptococcus fecalis, and that the formation of acetyl coenzyroe A 
and faucctnyl cocnzyme A requires the presence of both thiamine pyro- 
phosphate and lipoic acid Thioctic acid is discussed further in Chapter 


EXPERIMENTS ON ENZYMES* 

ROLE OF IRON IN OXIDVTIOAS 

1 Catalytic Decomposition of Hydrogen Peroxide by Metals Transfers ml 
portions of hydrofien peroxide to each of 4 test tubes To one add a very small 
amount of finely divided metallic platinum,* to the second a small amount of 
powdered magnetite (Fe.O,), to the third a similar amount of ordinary ferric 
° X , e ? r (F*jOi), and to the fourth a small amount of magnetite 

3ndafcw drops of 1 P er ce “t IsaCN (Poison') Note any evolution of gas After 

at t/a* po ntm'tl'e ^e ‘natnictor to give all the practical work upon enzyme® 

solution experiments will be found m the chapters on digestion 

that magnetite product " tmg T * ®™ C,Ue " el ° and Baudlsch e » h °?° 

•i- - - ~\ecom IT° e \ en when heat « d to 330“ C although it then has 

comport, on (Fe.0,) as it baa when heated still further to oo0° C but the latter 
re oxygen Ferroua 1 ydroxide also catalj zes a rapid 


product seta iree ■nohmdar'' 
decotopoa tion of peroxide 
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Cyanide paralyzes cell respiration, apparently by Inactivating the iron winch 
is an essential part of the s>stem. 

experiments on plant oxidases 

composition of a typical '{p ,, an j pee l a medium-sized potato. 

M PKEr ^°r " togs at one" „ P a piece of cheesecloth which 

Grate rapidly and transfer * * 200 m k of distilled water. Work 

is suspended in a beaker containing . h as oossible. Keep this 

gently with the hand to ge t - ““^nd “o^ Xgto'.' ml. o", dis- 

extract (water extract No. 1). Make as tl<m a nd if this does not 

tilled water (water extract No. 21. Moke ? . . it Work th e pulp until it is 

contain an appreciable amount of starch, discard it. Work tne p 

practically starch-free. thoroughly with water 

M Testa ox Pure Work a portnn oi pulp ,«y .hnr ^ , ^ ^ 

until it is practically free from starch a id y the Molisch test, 

for protein, using Minors test and for 0 7t he Supernatant liguid from the 
(c) Testa ox \Utcb Exnucr No 1 rou Test fw rcducin g sugars by 

extract when the starch has settled ou . an rl filter Test the 

Benedict's test. Test for protein. Boil 20 ml. of ,h » ‘ i“your 

filtrate for morganlc chlorides, s “""“ k “ ae f JS P , Q th8 f()0 ,| value of the 
notebook what information you have obta 

PO (dTs'ceuttrtox or SxxacH Combine the starch obtalnedfrom extoc.s Nml 
tum'the^beakei: upald^down'ao 'that the'smrch'w^ll drain; otherwise molds 
Tlt^raoxPortoOxmto too each 

to the following series: (1) Potato extract + rop t extract 4* 10 

potato extract + 10 drops of 1 per solution, 

drops of gualac solution, (4) potato extract + drops of p-phen- 

and P (5) potato extract + 5 drops o of J-naphtho" and 
ylenediamlne hydrochloride solution. This 

p-phenylenedlamine Is known as i th * /Xvafch for any color changes. If 

Mix the contents of the tubes by shaking* , d to j uene ), and ex- 

necessary let stand until the next l “ borat ° r3 J P „ QH catechol CsH«(OH)s, 
amine again. In this experiment th ® P ^ C “ production of brown-col- 

and pyrogallol C,H,(OH), arc oxrd ‘ " '?* ‘ oxidized to gualac bine, 

ored compounds. The guaiaconlc acid in the g f m the a . nap hthol 

In the last tube we have the production °* 
and pheny lenedlamlne under the influence of oxidase. 

Two oxidases appear to be active in these tests. 

(also called polyplienoloxidase and tyrosinase) is responsible lor 

1 This experiment is based upon the hj drochlondc. and Pi rogallol 
• The phenol, catechol (pjTOcatecbol). P-P cen t solution in per cent alco- 

z „ s 0 a, « ,, r 
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oxidation ot the phenol to catechol, then to o quinone, and finally nlth 
condensation reactions to brown compounds of uncertain composition 


/ ^>011 -> <7 ^OII -* <7 So -> brown compounds 

N X OH 0 

Polyphenoloxidase also acts upon catechol to form o-quinonc and then 
the brown compounds just mentioned It also acts upon pyrogallol 
forming purpurogallin 



Cytochrome oxidase m the presence of cytochrome C oxidizes the p-pheny- 
lcncdiaminc and m the presence of a naphthol there is formed indophenol 



Peroxidase in the presence of hjdrogcn peroxide also gives this reaction 
At least part of the color obtained in the above test is due to the action of 
peroxidase since the color develops more slowly if catalase is added to 
the potato oxidase preparation 

The oxidation of the guaiacomc acid of the guaiac to guaiac blue is 
apparently due to the action of the o-quinones formed as indicated above, 
on the guaiac, rather than any direct action of the enzymes on the guaiac 
itself except in the case of the slight peroxidase action due to the presence 
of some peroxide Peroxidase appears to oxidize the guaiac directly 


2 Experiments on Potato Peroxidase Prepare a senes of 5 tubes containing 
5 ml portions of potato extract and 10 drops of oxidase reagents as In the 
preceding experiment Prepare still another series, but use potato extract 
previously boiled for 5 minutes Then to each tube add 10 drops of 3 per cent 
hydrogen peroxide solution Note whether oxidation takes place more rapidly 
by boiling? * Wher * D ° hydro&en P erox,de used Is the peroxidase destroyed 


The potato has a greater peroxidase than phenoloxidase activity, which 
accounts for the more rapid action in the presence of H 2 0 2 

intr duces’mf °L ° X ‘ daSe and to Heat Into each of 3 test tubes 

the Tst tube a nf ° eXtr r. f PUt iH 3 W3ter bath at 70 ° 10 minutes 

ad™ ," d , P * ° f 1 per Cent catcch °i solution and then to each 
ZroZe Ifunin" T Ull ° n ’ and t0 thC thlrd tube drops of hydrogen 

?h« alsencl nf h, 7L* 3ppeara , nce of a b »“* «lor i„ the presence but not in 
« 70» but ^ r0ft r P r° X indicate » peroxidase is not destroyed 
7 7“ t f 18 00t 8tab,e at th '» temperature How 

yo prepare a solution containing peroxidase but not oxidase? The 
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fact that the addition of catechol does not suffice to bring back the direct 
oxidase action indicates that it is not the catechol compounds but the oxidase 
that is destroyed at this temperature. 

4. Role of Catechol Compounds in Oxidase System. Into each of 2 clean test 
tubes introduce 5 ml. of potato extract. To one, add 1 drop of 1 per cent 
catechol solution. Let stand for 5 minutes. Then to each tube add 10 drops of 
guaiac solution. Let stand and note any color change. 

Most potatoes contain relatively little of the catechol compounds. The 
addition of catechol therefore hastens the oxidation of the guaiac, since 
the oxidation of the guaiac is secondary to the formation of o-quinones 
from catechol compounds, the o-quinones being capable of directly oxidiz- 
ing guaiac. 

5. Preparation of Peroxidase. Scrapings of horseradish may be extracted 
with alcohol and dried. On extraction with water these dried scrapings give a 
peroxidase solution free from oxidase. By a more complicated process a 
preparation showing about 1,000 times the activity of the original material 
has been obtained. 

6. Determination of Peroxidase, fnto a 250-mf. flask introduce 100 ml. of a 
saturated solution of leucomalachite green,* 2 ml. of 0.166 N sodium acetate 
saturated with toluene, 1 ml. of hydrogen peroxide, 1 " and from 0.0025 to 0.05 
unit of peroxidase in not more than 5 ml. of solution. AH should be brought to 
20° C. before mixing and kept at that temperature. Measure 10 ml. of N 
HtSO« into a small flask, and add all at once at the end of 5 minutes to the 
digestion mixture to stop the action. Rinse the small flask with 5 ml. of 
water. After 15 to 30 seconds, neutralize with a little more than an equivalent 
amount of NaOH solution. Shake vigorously to eliminate bubbles of CO s . 
Compare with a standard malachite green solution containing 10 mg. per 
liter, and set at 5 or 10 mm. The standard Is made up in 0.05 N acetic acid and 
preserved with toluene. Yellow artificial light is better than daylight for 
the comparison. Under the given conditions one unit of peroxidase forms 53 
mg. of malachite gieen. 

7. Demonstration of Catalase. Mix about 1 g. ground liver with 3 ml. water 
and add a few ml. 3 per cent hydrogen peroxide. Test the gas evolved for oxy- 
gen, using a glowing match. 

EXPERIMENTS ON ANIMAL OXIDASES 

1. Achardinger Reaction. Place 5 ml. of milk in each of 3 test tubes. Heat 
one to boiling and cool. To each tube add 1 ml. of 0.02 per cent methylene 
blue solution. To tubes 1 and 2 add 1 ml. of 0.4 per cent formaldehyde solu- 
tion. Mix by gentle rotation, add 1 to 2 ml. of paraffin oil, and put in a water 
bath at about 40° C. The milk in tube 2 should gradually decolorize. The 

•Tbo dje should be recrj stalhred twice from alcohol, once from petroleum ether, and 
again from alcohol Saturate titrated 0 05 N acetic acid with the dje at 20° C The solution 
freed from air under a vacuum will keep for months. If precipitation occurs, warm to 
rediiisoho. 

_ ** Dilute 30 per cent hj drogen peroxide (reagent grade) 100 times. Titrate an aliquot with 
KMnOi after adding sulfuric acid and dilute further so that each ml. contains 0.25 mg. 
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reaction is an example of anaerobic oxidation in the presence of a hydrogen 
acceptor (methylene blue) and may be written thus- 

CIIjO + 11,0 -+ CH,(OH), + \1 HCOOH + M H, 

This reaction is given more slowly by milk which has been heated and more 
rapidly by milk which has a high bacterial count. 

2. Study of Tissue Oxidations by the Methylene Blue Method of Thunbert 
and AhHren. Principle, finely divided tissue is suspended m a solution containing 
methylene blue, phosphate solution to regulate the acidity, and the substance w hose 
action it is desired to determine The tube is evacuated, placed in a water bath, and 
the time required for the methylene blue to be decolorized is determined This is a 
measure of the rate of oxidation in the mixture The nature of the substances capable 
of being oxidized by the tissue can be determined and the influences governing the 
oxul vt ion process studied 

Procedure. The tube 11 most convenient for use in this experiment is illus- 
trated in Fig. 77. Into each of 3 tubes introduce 0.9 ml. of a mixture of 8 ml. 
r 7 -. of methylene blue 1 2000 and 6 ml. of a phosphate buffer of 

pH 7. Then add 0.1 ml. of water to the first tube, of O.i M 
’ = , potassium succinate to the second, and of 0.1 W potassium 

~ glycerophosphate to the third. Then add 0.2 g. of finely 

divided washed rabbit muscle 1 * to each. Evacuate each tube 
for 2 or 3 minutes with a strong water-jet filter pump. 1 * 
Place the tubes in a constant-temperature water bath at 35" 
C. Observe from time to time and note when each tube just 
W loses its last trace of blue color. Record the number of min- 

Fto 77 Vac- ut *» required in each case Do the succinate and glycero- 
u u u Tube phosphate solutions decolorize first? What does this indicate 
(Thusbcro ) as to the oxidation of these substances by muscle tissue? 
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flocculent and amorphous, this compound has the normal copper conte 
(17 per cent) and gives crystalline glutathione on decomposition 
Wash the cuprous salt with 0 5 N ll*SO« on the centrifuge and then wltn 
water until the wa.hlns, are (tee (tom .ulfate II a centrlfufie l» u.cd, about 
10 washings ate required Or use a device prepared with two Jena 
glass filters (grade 4) ol suitable sire Put the cuprous salt In one ana piac 
the other upside down on top, a water-tight Joint being made with a p ec * 
wide rubber tubing Connect the lower funnel to a reservoir of distilled w 
about a meter above It, and attach the upper one to a flask and filter pump 
Wash until the filtrate remains free from sulfate after shaking the flltra o 
apparatus 

Suspend the precipitate In four to five times Its bulk of distilled water, 
and decompose with well-washed II»S Filter Free from IftS by a stream o 
hydrogen Evaporate to a small bulk In a vacuum desiccator at room tem- 
perature If the volume of filtrate is too large for this and distillation n 
vacuum is necessary, use a good pump and distil at 25® C If the mixture doe* 
not crystallize spontaneously before reaching a slrupy consistency, rub w t 
a glass rod to start crystallization Yield, about 1 5g For the crystalline form 
of glutathione, see Fig 78 


PREPARATION AND PURIFICATION Or ENZYMES” 
Purified enzyme preparations maj be made from digestive secretions 
containing the enzyme More often, however, the source is an animal or 
plant tissue To obtain the enzyme m concentrated form it must be freed 
as far as possible from the mixture of substances making up the cell 
In the case of animal tissues the material should be immediately re- 
frigerated and used as soon as possible It maj be cut up with a scissors 
or run through a meat-chopper and then rubbed in a mortar with quartz 
sand or ground glass Freezing with liquid air or carbon dioxide will often 
aid comminution and check fermentative processes The material may 
also in some cases be dehydrated by drying in a current of warm air or 
by dehydrating with acetone or alcohol followed by treatment with ether 
to remove fat, and then grinding very fine in a ball mill 
The comminuted tissue may then be extracted by u«e of a suitable 
solvent (e g , water, salt solutions gl> ccrol or solutions of definite pH) 
which will extract the enzyme with as little other material as possible 
The mixture may then be filtered or centrifuged Since enzymes are pro- 
teins, the greatest difficulties in enzyme purification are connected with 
the removal of protein contaminations Methods used in the purification 
of proteins are therefore useful (see Chapter 6) 


Just as with proteins, the exact procedure will vary In each case The pro- 
cedures generally required Include dialysis, precipitation by means of salts 
or by liquids such as alcohol or acetone, and selective adsorption and elution 
Dialysis, employing most commonly the collodion bag, removes soluble 
diffusible substances Including the salts that may be used In precipitation 
Electrodlalysls may also be employed By means of fractional precipitation 
with salts such as ammonium sulfate, separation from many protein ma 
terlals may be accomplished In some cases alcohol may inactivate the 
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enzyme Among the most useful adsorbents are different ty pes _of aluminum 
hydroxide For example, by choosing a suitable form of this adsorbent and 
the proper acidity of solution, separation of the enzy mes of the pancreas has 
been accomplished Associated with adsorption methods is of course the 
elution of the adsorbed material from the aluminum hydroxide-enzyme 
complex by suitable solvents, among which are solutions of alkali phosphates 
of different reactions or dilute ammonia For the preparation of the different 
forms of aluminum hydroxide see footnote 16 Since preparations of pure 


»« Preparation of Adsorbents Alumna A Warm 250 g of Ali(SOi) j ISETsO in 750 ml 
of water to 55° C and pour the solution all at once with the most vigorous mechanical stir 
ring into 2 5 liters of 15 per cent ammonia warmed to 55° The temperature rises to 5S° and 
is kept between 55° and 60° C with continued stirring for half an hour Transfer to a 5-liter 
flask with a reflux condenser and boil gentli for 48 hours Dilute in a jar with water to 12 
liters ash 3 times by decantation Stir the precipitate with 500 ml of 15 per cent am 
moma to decompose the traces of basic sulfate W ash until for three successive times the 
wash water no longer comes away clear and the precipitate becomes a plastic gel from 
which the wash water can be completely poured 

Alumina B Precipitate as for Alumina A After the precipitation stir for net more than 
half an hour Then dilute at once to 12 liters and wash by decantation as above 

Alumina Ca Ammonia alum is used \mmoma used should be standardized by titration 
and should be measured accurately D ssohe 22 g ammonium sulfate in COO ml of water 
Warm to 63® C and add 100 ml of 10 per cent ammonia Warm quickly to 58° Add with 
vigorous mechanical stirring all at once a solution of 76 7 g of ammonia alum in 150 ml 
of water this solution being previously warmed to 5S° The temperature rises to 61° Do 
not let the temperature go below 58° C Ten minutes after beginning precipitation separate 
as rapidly as possible from the mother liquor by centrifuging Transfer with 1500 ml of 
water containing 1.25 g of Nila to a 1500-ml flask and shake Centnfuge Repeat using 
2 5 g of NH» Each treatment with ammonia requires about 17 minutes. Then wash three 
times more using water only The last supernatant fluid should remain turbid The whole 
procedure from the first precipitation should require about 2*4 hours and must be expedited 
aa the preparation is unstable 

Alumina C(S The a compound changes into the p form on standing a few hours The 
flocculent suspension becomes a plastic gelless soluble in acid The j8 form changes gradually 
(10 days to several months) into the y form 

Alumina Cy Precipitate as for the « form Stir for 15 minutes at 60° Transfer with 
5 liters or more of water to a tall jar and wash by decantation To the fourth wash water 
add 80 ml of 20 per cent htH| to decompose the basic sulfate Wash 12 to 20 times more with 
water or twice after the ■mpernatant fluid no longer becomes clear Some months standing 
under water is required for complete conversion to the y form to take place The precip tate 
becomes more flocculent and is insoluble m cold dilute or fairly' strong HC1 

li’nimna D fA^ofve J30 g of pure commercial aluminum hy droxide with 140 g of 
KOH (80 per cent) in 900 ml of hot water Dilute-to one liter and filter Dilute to 10 liters 
Precipitate by running a gentle stream of carbon dioxide through the solution for two days 
Decant and wash 12 times with water containing carbon dioxide and then with distilled 
water The final washings remain turbid 

Aluminum Metahydronde If one of the aboie forms of aluminum hydroxide be heated 
suddenly with ammonia in a sealed tube to 250° C and kept at that temperature for 8 to 9 
hours there is a complete conversion to the metahydroxide form 

Kaolin Kaol n is best treated with acid before use To 500 g of kaolin add 1500 ml of 
pure HC1 (sp gr 1 18) and warm very slowly so that the mixture begins to boil at the end 
of the first day and tl en boil for another day U ash with water by decantation Repeat the 
treatment With acid and washing three times more Wash with cold water until the washings 
show practically no aenliti but the kaolin itself reacts strongly acid on 1 tmus paper 

Other Adsorbent* Ferric hydroxide magnesium oxide and stannic and silicic acids are 
used Substrates may also be u«ed as specific adsorbents as tristearin for lipase casein for 
tr\ pMn and coagulated egg albumin for pepsin 

All /ton Solutions of ammonia or of d sod nm phosphate are most generally useful in 
freeing adsorbed enzy mes from combinations with alumina 

Different enzy mes are differently adsorbed The properties of an enzy me as far as adsorp- 
tion 13 concerned may change during purification In a general wa\ the more finely dispersed 
gels such as alumina A B and C ha\ e more adsorptive power than those with less surface 
such as the mieroerystalline D and metal y droxide For numerous applications see ill 
stttter rial Untersuehungen Uber Enzyme Berlin Julius Springer 10'N Vl<o Grassmann 
Ergebnuse Physiol 27 40“ ( 1 92S) Oppenheimer 2>ie Fermcnte und /Are TTtrkvngcn, 
Leipzig Thicrae ^ ol 3 5th ed 1029 
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crystalline enzyme, are of the Hreafest Interest therefolloa. 

methods used in the preparation of certain of these. . . Included 

tlonof active preparation, of veae.ahle lipase and sum«. » 

since these are more rcadllf obtained from seeetabI« .our«s. Other 

preparations are discussed In the chapters deallnC with dlfiestlon. 

PreparatConoJ Cnrroll/ne Ibensc." nllu.e 158 ml. of r' d '->l''j 
to 500 ml. at 22” C. (-31.0 per cent acetone). Pour over 100 1 j 

bean meal In a beaker. Stir 3 to 4 minute, and Biter throw'll » „ 

Schtill, No. 595, or Whatman, No. 1, filter. Allow about 150 ml. to filter 
room temperature. Complete the filtration In the Ice chest at 2 to 
over night. Centrifuge of! the crystals that form, using cold centrlfug 
Examine microscopically (see Tig. 75, p. 308). Drain and stir up with 5 to 1 0 ffl 
of cold 31.6 per cent acetone. Centrifuge again. Dissolve the cry sta s 
40 ml. of distilled water at room temperature, and free the solution 
insoluble matter by centrifuging. The activity of the concentrated soiutm 
is not lost very rapidly provided the material is kept In the Ice chest. 


2. Preparation of Crystalline Pepsin. Dissolve 500 g. of Parke Davis P e P* 
(U.S.P. 1:10,000) In 500 ml. of water and add 500 ml. of N HjSO t . Add w 
stirring 1000 ml. of saturated MgSO« solution. Filter through fluted pap e ^ 
(S. and S. No. 1450J4) and then with suction. Discard the filtrate. The pre- 
cipitate must not stand at room temperature more than 24 hours. 

Precipitate 1. Wash twice with an equal volume of saturated MgSO«. 
Filter with suction. Discard the filtrate. 

Precipitate 2 Stir with water to a thick paste and run in M/2 NaOIl unt 
complete solution. Great care must be taken to avoid local excess of NaOl 
The pll must never rise above 5.0. Add M/2 HiSOi with stirring until a heavy 
precipitate forms (pH about 3.0). Let stand 3 to 6 hours at 8° C. Filter wit 
suction. 

Precipitate 3 Stir with water to a thick paste at 45° C. Add M/2 NaOH care- 
fully until the precipitate dissolves (filter If cloudy and discard the preelp - 
tate). Place the beaker containing the precipitate In a vessel containing about 
4 liters of water at 45° C., inoculate with pepsin crystals, and allow to coo 
Blowly. Cooling should require 3 to 4 hours and a heavy crystalline preciptt a,e 
should form at about 30° to 35° C. (see Fig. 76, p. 308). Keep the solution at 
20’ C. for 24 hours. Filter of! the thick crystalline paste with suction. 

Precipitate 4 Wash with a small amount of cold water and then with Yz 
saturated MgSO« and keep under saturated MgSO* at 5° C. The filtrate may 
be treated with M/2 HiSO, to attain a pll of 3.0, the amorphous predpl ta * c 
filtered off and treated like Precipitate 3. 


3. Preparation of Crystalline Trypsin and Chymatrypsin. Remove the pan- 
creas from cattle within one hour after slaughter, and Immerse In cold 
N/4 litSO«. Drain off the acid, mince, and suspend for 24 hours in 2 volumes 
ofN/4H,SO,at 5° C. Strain through gauze. Add solid (NHt)iSOi to 0.4 satura- 
tion. Filter. Saturate to 0.7 saturation. Let stand 2 days at 5° C. Dissolve In 
water and re-fractionate between 0 4 and 0.7 saturation. Dissolve the pre- 
cipitate from 0.7 saturation in 0.25 saturated (NII«)tSO«. Adjust to pH 5 °- 


J'hTnZJ «.dW«W«) 70.07(1926) Sumner and Hand J Bu>l ChtM, 

(1941) 9 <192X) F ° r hC recr > stalluation of urease see Bounce J Bull Chem . 307 

ac!d COmm * re,a ' B '' et ° ne d, " t,lled over *“^d CaCl, and soda I. me. to remove the water and 
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Let stand 2 days at 25° C. Filter- Crystals are chymotrypsinogen. (Retain 
filtrate for trypsin.) RecrjstalUze chymotrypslnogen in 0.25 saturated 
(NH 4 )*S0 4 at pH 5 about 8 times. Dissolve in N/50 H*S0 4 . Adjust to pH 7.6. 
Add a trace of trypsin. Let stand 2 days at 5° C. Adjust to pH 4. Salt out in 
0.7 saturated (NH«) s S0 4 . Filter. Dissolve in N/100 H.SOi. Let stand 24 hours 
at 25° C. Filter off chymotrj psin crystals. 

Take the filtrate from the chymotrypsinogen crystallization for the prep- 
aration of trypsin. Adjust to pH 4.0, precipitate in 0.7 saturated (NH*)-SOi, 
and refractionate between 0.4 and 0.7 saturated (NH 4 )*S0 4 . Filter. Wash the 
precipitate from 0.7 saturation with sat. MgS0 4 . Dissolve in 0.4 RI borate of 
pH 9.0. Cool to 5° C. Bring to 0.5 saturation with MgS0 4 . Let stand 3 days at 
5° C. Filter off the crjstals of trypsinogen. Wash with 0.5 sat, RfgS0 4 . Dis- 
solve in N/50 H*S0 4 . Bring to 0.5 sat. with MgSD 4 . Add 0.4 RI borate to give a 
pH of 9.0. Let stand 1 day at 5° C. and filter off the crystals of trypsin. Yield, 
about 6 g. from 7 liters of acid extract of the pancreas. 

4. Preparation of Vegetable Lipase : Procedure of Willstbtter and Wald- 
schmidt-Leitz. Rub in a mortar to a paste 20 g. hulled castor beans. 1 * Then 
with continued rubbing add 140 ml. of water in portions of 5 to 10 ml. Centri- 
fuge for 15 minutes at 3,000 revolutions per minute. Three layers are formed. 
Pour off the upper creamy la>er and retain. Pour off the clear water lajer and 
discard. Rub up the residue with 140 ml. of water as before and centrifuge. 
Pour off the creamy top layer and combine with the first portion. Use this 
suspension for lipase experiments. 

5. Preparation of Sucrose from Yeast. Introduce 100 g. of compressed yeast 
into a 400-ml. beaker. Warm the jeast to 30° C. by placing the beaker for 
some time in a water bath at a slightly higher temperature. Add 10 ml. of 
toluol. Stir thoroughly with a heavy glass rod. The yeast should become 
liquefied in 30 to 45 minutes. Add 200 ml. of water. Rlix thoroughly and 
centrifuge. To the residue in the centrifuge tubes, add a small amount of 
water and mix well, then add more water at 30° C. to make a total of 200 ml. 
Stir and centrifuge. To the yeast residue after pouring off the water, add 
100 ml. of water saturated with toluol and 10 ml. of toluol, and incubate at 
30° C. overnight. Dilute with 4 volumes, of water. With vigorous stirring, cace^ 
fully add acetic acid (not over 1 N) until a test with methjl red indicates a pH 
of about 3.5 to 4.0. Centrifuge. To the supernatant fluid add some infusorial 
earth and filter. Neutralize with ammonia to complete change of color with 
bromocresol purple. Keep in a refrigerator. 

6. Preparation of Crystalline Catalase Put fresh beef lire r through a 
meat grinder four times. Extract the catalase at room temperature bj the 
occasional shaking of each kilogram of ground liver for !0 min. with 1 1. of 
distilled water. To each liter of material add 480 ml. of chilled solution of 
chloroform, 1 part; and ethjl alcohol, 2 parts. Shake violent!} for about 30 
sec. and at once filter In the Ice chest through Whatman No. 12 filter papers. 
The next day the filtrates will contain a sediment of catalase crystals. This 
sediment Is centrifuged down in a refrigerated centrifuge and the super- 
natant liquid Is discarded. The crystals are dissolved at room temperature in 
distilled water (30-40 ml. for each kilogram of liver used). The solution Is 

11 The greatest care muN be taken to a\oid j Kooning bv the ncin which is present in the 
meats 

w Mosimann* ArcR. Biochem Biaphys , 33, 4S3 (1951). 
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centrlfused to remove a white amorphou. impurity, decanted and chilled 
in the ice chest for 12 to 24 hr. Catalase will precipitate as needles. 

QUANTITATIVE ESTIMATION OF ENZYME ACTION 
The amount of enzyme present in any mixture it ctpreeeetl in terms of 
its activity as compared with an arbitrary standard. Either th 
required for a given amount of enzyme preparation to bring about a uui 
nite degree of conversion of the substrate or the amount of preparation 
needed to bring about a definite degree of conversion in a specified time 
may be made the basis of comparison. Inasmuch as enzyme action is 
greatly influenced by the pH of the solution, by the presence of inorganic 
salts and activators, and by temperature, it is important that the condi- 
tions in the digestion mixtures should be made as nearly lucntica ^ 
possible and that the enzyme if in inactive form should be properl} 
activated . . i 

Chemical reactions follow the law of mass action— that is, their speeu 
is proportional to the product of the concentrations of the reacting sub- 
stances. In most enzyme reactions the speed of decomposition of the 
substrate tends at first to be directly proportional to the amount of en- 
zyme present, particularly if the substrate is present in large excess. Later 
the reaction may slow up due to decrease in the amount of substrate or 
combination of the enzyme with substrate or products of the reaction. 
In quantitative studies of enzyme action it is best to have a large excess 
of substrate and to keep the time of the experiments within the period 
when decomposition is proportional to time To establish these limits an 
experiment must be conducted and a curve plotted showing the extent 
of decomposition at different time intervals In certain cases, direct pro- 
portionality does not exist even in the early stages In such cases a curve 
prepared as above will suggest the rule to be applied in the calculation 
of results 


DEMONSTRATION OF THE REVERSIBLE ACTION OF 
AN ENZYME 

The enzyme phosphorylase is found m plant and animal tissues This 
enzyme catalyzes the following reaction 

glycogen (or starch) + inorganic phosphate glucose-l-phosphate 

The reaction is reversible and either glycogen or starch can be used to 
form gluco«c-l -phosphate (Con ester) Whether glycogen or starch is 
formed from glucose-l-phosphate depends upon the source of the enzyme. 
Muscle phosphorylase (in vitro) and the phosphorylase from higher plants 
form a pol> saccharide which is probably identical with the amylose frac- 
tion of starch \ east phosphorylase and the phosphorylase from liver, 
bram, and heart form glycogen from glucose-l-phosphate. In this case a 
second enzyme, the Q enzyme, is present in addition to phosphorylase. 
This Q enzyme forms 1—0 linkages 

The position of the equilibrium is influenced by pH. At pH 7 an equtlib- 
rinm is obtained when the total phosphate is 23 per cent as Con ester 
and 77 per tent as inorganic phosphate 
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1. Formation of Glucose- 1 -phosphate ( Hanes method as modified by Sum- 
ner and Somers). Boil 8 g. of soluble starch with about 100 ml. of water.'Cool 
and add 12 g. of NajHPO« and 5 g. of KHjPO* dissolved in about 300 ml. of 
water. Add 10Q ml. of potato-cyanide extract. Dilute to 1 liter, add toluene, 
and mix. Keep at 20° to 25° C. for about 24 hours. 

Inactivate the phosphorylase by adding 0.1 N iodine until the solution gives 
a permanent reddish-brown color. Remove the iodine by adding 0.1 N thio- 
sulfate until all brown color has disappeared. Add 10 to 20 ml. of 2 per cent 
pancreatin and allow to digest until no more dextrin remains, as shown by 
the iodine test. (This will take three or four hours.) Add 40 g. of barium 
acetate and about 8 ml. of 28 per cent ammonia, or enough to make the sus- 
pension definitely alkaline to phenol red. Mix well, centrifuge, and pour the 
supernatant through cotton. To each volume of supernatant add 2 volumes 
of 95 per cent alcohol and centrifuge down the barium salt of glucose- 1- 
phosphate. Discard the supernatant. Stir the precipitate with 30 to 60 ml. 
of water and enough 2 N sulfuric acid to give a pink color with thymol blue 
paper. Now add saturated potassium hydroxide cautiously until the suspen- 
sion just fails to give a blue or brown color with Congo red paper. Add 6 g. of 
trichloroacetic acid and mix. To every volume of the suspension add 2 vol- 
umes of 95 per cent alcohol and stir. Centrifuge down the suspended matter. 
Decant the clear supernatant solution. Add saturated potassium hydroxide 
to It until it Is decidedly alkaline to phenol red. The dl-potassium salt of 
glucose-l-phosphate usually separates as an oil. Chill overnight at 0° to 5° C. 
Next day filter off the crystals, wash several times with 95 per cent alcohol 
and then with acetone, and dry at 50° C. The yield will be about 3.5 g., and 
the product will be about 85 per cent pure. 

The potato-cyanide is prepared by disintegrating about 325 g. of recently 
sliced potato in 100 ml. of 0.01 N neutralized potassium cyanide in a blender. 
The disintegrated mass is squeezed in cheesecloth and the juice is centrifuged 
to eliminate the starch. 

The hexose-1 -phosphate, or Cor I ester, is C»HuO,PK*-2H s O. Does a trace 
of it reduce Benedict’s solution? Heat a trace of it in boiling water for 5 
minutes with 1 ml. of N sulfuric acid. Neutralize with 0.1 N NaOH. Now test 
for glucose. Test also for Inorganic phosphate. 

2. Formation of Starch from Glucose-l-Phosphate. Prepare 5 to 10 ml. of 
0.1 per cent glucose-l-phosphate in water. Add a drop of phenol red and 
enough 0.1 N hydrochloric acid to bring the alkaline solution to approximate 
neutrality. Place 1 ml. of the solution in a test tube and add about 1 ml. of 
potato-cyanide extract. Add a drop of 0.01 per cent boiled starch solution and 
mix. This primes the reaction. From time to time remove a drop or two of the 
digest and test on a porcelain spot plate by adding a few drops of 0.01 N iodine 
solution. Is starch formed? What Is the chemical reaction? 

CELL RESPIRATION 

The ultimate objective in the study of those enzymes which are found 
within cells is to apply this knowledge to an understanding of the meta- 
bolic processes upon which the cell depends for its maintenance and func- 
tion. The contributions of enzyme chemistry to this subject haic been 
numerous and important, but it is clear that the isolation of an enzyme 
or enzyme activity from cells does not necessarily give information as to 
the significance of the enzyme in the intricate processes of metabolism 
within the cell. An alternate method of approach, therefore, is to study 
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the metabolic bchat.or of the isolated intact cell or tissue, " 
nearly physiological conditions ns possible, and to integrate k " 0 '' 1 JL 
gamed in this nay tuth that acquired by the study of inditldual cl J 


It n as Warburg uho first shou ed that animal tissues and organs (In a, 
kidney, brain, etc) could bo prepared in the form of thin Bertram or 
mimes ivlnch uould continue to carry on metabolic processes (rcspira 
tion substrate utilization) for many hours after remot al from the animal 
body if placed under suitable conditions, and that feuen 
metabolism could be followed quantitatively ^nilcit 
is obvious that cells under these circumstances arc no 
longer under the control of nervous or hormonal 
mechanisms, metabolic data obtained bj this met i 
of approach do not disagree w itli results obtained on the 
intact animal v here the tw o methods can be compare , 
and have furnished valuable information concerning 
the localization of specific metabolic processes in indi- 
vidual organs of the animal bodj , as well ns the effect o 
different substrates, coenzymes, activators, inhibitors, 
etc , on cell metabolism 

In the study of isolated cells and tissues, chief atten- 
tion has been directed to the respiration, and spccificall) 
to the oxygen consumption In fact, some hav c defined 
the respiration of cells in terms of oxjgcn consumption 
alone, but carbon dioxide production is an equally im- 
portant phase of respiration, and any complete char- 
acterization of cell respiration must include both oxj gen 
consumption and carbon dioxide production In addi- 
tion to respiratory data much \ aluable information has 
been obtained by the use of the Warburg tissue-slice 
technique concerning other metabolic characteristics 
of cells such as substrate utilization, fermentative 
(glycolytic) ability, glucose and glycogen synthesis, 
urea formation, conjugation of foreign organic com- 
pounds etc The discussion m these pages will be confined to respiration 

and glycolysis, two characteristics of cell metabolism which are readily 
measured manometncally , but it cannot be too strongly emphasized that 
knowledge of this type is essentially incomplete until it is supplemented 
with precise information concerning substrate utilization and end product 
formation , this fact should be more generally recognized 
Measurement of Oxygen Consumption. The basis of the Warburg 
method for the measurement of the oxygen consumption of living cells 
is the apparatus shown in Fig 79 This is sometimes referred to as the 
Warburg apparatus but more properly is called the Barcroft-Warburg 
apparatus since it was adapted by Warburg from that developed by 
Barcroft for the study of blood gases It consists of a suitable vessel, 
containing the matenal to be studied in the proper fluid medium, and 
attached in a closed system to a manometer for measuring changes w 


Fig 79 Barcroft- 
Warburq M at. om 
eter with At- 
tached Vessel. 
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gas pressure 21 Various ty pes of vessels m common use are shown m Fig 
80, many other types have been described for special purposes In general, 
an ordinary B ar cr of t- Warburg \ essel has a capacity of 15 to 20 ml , with a 
center well and one or more side bulbs, larger and smaller vessels have also 
been used The type of bored side-bulb plug illustrated is much to be 
preferred o\er the more common solid plug 



Fig 80 T\pes op \ essels Used for Man ometric 
Studies on Cell Respiration 


To proude for accurate temperature control, manometers and t essels 
are so constructed that the manometer may be mounted on the side of a 
constant-temperature water bath (thermostat), with the \ essel com- 
pletely immersed m the water To ensure equilibration between fluid 
medium and gas phases m a \ essel during an experiment, the manometer 
mounting is attached to a shaking device which shakes \ essel and manom- 
eter horizontally at speeds which ordinarily amount to 110-115 oscdla- 

S3 Complete equipment of the tjpe described here {manometers glassware and thermo- 
stat) innj l»o obtained from E Maehlctt and Son Ner'iorLCitj Arthur II Thomas Co 
Philadolpl la or American Instrument Co SiUer Springs McL 
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tions per minute, with an excursion of 3-4 cm A complete assembly of 
this type is illustrated m Tig 81 , .. 

The detailed application of the Warburg procedure for the measure- 
ment of oxygen consumption is given in the experiments which louo 
this discussion The principle is as follows The tissue, usually m 
form of thin slices, is incubated at body temperature in a suitable butiereo 
medium, in a \essel with attached manometer, the vessel containing 
oxygen rather than air The center well of the vessel contains a little 
strong alkali solution which absorbs any COi produced, so that any 



Fio 81 Assembly of Constant-Temperature Bath and 
Manometers As Used for Stci ils on Cell Respiration 


pressure changes arc due to oxygen consumption alone The side-bulbs 
provide for the addition of substrate activators, inhibitors etc , during 
an experiment if desired The gas phase in vessel and manometer capil- 
laries is kept at constant volume, oxygen consumption is measured 
therefore by a fall in pressure, winch is read on the manometer The pres- 
sure readings when multiplied by a constant (“vessel constant”) g*' c 
the oxygen consumption, usually expressed in microliters (cubic milli- 
meters) Headings are made at suitable intervals, they may be plotted 
graphically against time, or may be averaged to give the oxygen con- 
sumption over a given time interval The standard method for expressing 
oxy gin consumption is in terms of the number of microl iters consumed 
m one hour by l mg (dry weight) of tissue this is symbolized by Co- 
lly convention the consumption of a gas is given a negative value Tims 
a Vo. of -0 0 represents the consumption of 6 microliters of oxygen per 
hour by 1 mg dry weight of tissue 
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Representativ e Qo, v alues for vanous animal tissues are gn en m the 
table on p 340 These values must be considered approximations onij , 
since it is known that the ox} gen consumption of many tissues is affected 
by the presence or absence of a arious substrates, the previous nutritional 
histoiy of the animal, the inorganic ion composition of the medium and 
the type of buffer used, the length of elapsed time between the death of 
the animal and the start of an experiment, and even the duration of the 
experiment itself, since oxygen consumption may not be linear with 
respect to time Despite these limitations, many valuable data have been 
obtained by this procedure, particularly where comparative and not 
absolute values are desired as in studies on the relative effects of various 
substrates, coenzymes, and inhibitors, comparison between normal and 
abnormal tissues, etc 

A more senous limitation m the Warburg method, and one which is 
receiving increasing recognition, is that the tension of COa must be main- 
tained at or near zero during the expenment, otherwise manometer 
readings will not reflect changes in oxygen content alone This require- 
ment means that metabolism is proceeding in the virtual absence of CO* 
and it is known that certain metabolic processes (e g , the formation of 
urea by liver cells) require the presence of CO 2 , even the oxygen con- 
sumption of some tissues is significantly affected b> the presence or 
absence of a physiological tension of CO 2 Furthermore, measurements 
by the Warburg method are not possible in such media as normal blood 
serum or other bicarbonate-containing media, since such media require 
the maintenance of a finite tension of CO 2 to establish the pH " 2 For the 
measurement of oxjgen consumption and other respirator} character- 
istics of tissues m the presence of physiological tensions of CO 2 , the 
differential manometer described in the next section in connection with 
the measurement of CO 2 production must be used 

Measurement of Carbon Dioxide Production. Measurement of 
carbon dioxide production by respiring cells or tissues is technically more 
difficult than is measurement of oxjgen consumption There is no satis 
factor} direct method for the continuous measurement of the carbon 
dioxide produced by cell respiration, as there is for the measurement of 
oxygen consumption Hence relatively little work has been done on this 
phase of respiration This is unfortunate, for, as we now know, carbon 
dioxide is produced not by the direct oxidation of carbon compounds b} 
oxygen but rather b} decarboxylation of organic acids and in a manner 
essential 1} independent of ox} gen consumption but presumabl} of equal 
importance to the cell Carbon dioxide production usuallj is expressed 
by giving the value of the respiratory quotient (R Q ), which is the ratio 
of the volume of carbon dioxide evolved to the volume of oxjgen con- 
sumed m the same time, hence if the Qo, and R Q are given, the carbon 
dioxide production is defined 

One method for the determination of R Q in phosphate buffer using 

** For measuring oxj pen consumption l > the W arburg met! od in neutralized’ serum — 
Le eenim which 1 as been freed of bicarbonate b> treatment with acid and evacuation— 
see Vncleod and Rhoads Proc Soc Exptl Biol Mtd 41 2GS (1930) Warren dm. J 
Phytiol 128 455 (1040) 
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the ord.narj Bareroft WarburR manometers .a to set up > lup ' l “‘ e ‘fjd 
preparations but to omit the alkali from the center « ell of one aes^el 

11 . .1 1 i ... .. nil nil oro fill** tn nx\ £TC 1 


Pressure chan e es in tie aessel containing alkali arc due to OJtJgcn con 
sumption alone pressure chanRes in the second a easel ultliout alkau_ 


sumption alone pressure cuungus m - , 

represent the net (and opposing) effects of oxjfien consumption unu 
carbon dioxide production At the end of the experiment by subtracting 
the pressure change due to oxjgen consumption alone 
as established on the first manometer, from the reading 
of the second manometer, the pressure change due to 
carbon dioxide production may be obtained Conditions 
m the tw o vessels including vessel constants must be 
as nearlj alike as possible This of course cannot be 
true with respect to the C0 2 tension which is zero in the 
first vessel and continuouslj increasing in the second 
vessel Results will therefore be in error if the CO? ten 
sion influences metabolic processes within the cell on 
this is known to be the case w ith a number of different 
t> pes of cells This method is therefore not widelj used 
It is also possible to so arrange matters that onlj one 
\ es«el contaimng alkali is used and the CO* absorbed 
b> the alkali is measured bj liberating with acid at the 
end of the experiment This method is techmcallj quite 
difficult is not too accurate and likewise suffers from 
the disadvantage that measurements are made m the 
presence of a zero C0 2 tension 

To permit measurement of carbon dioxide production 
(and ox} gen consumption as well) in the presence of a 
ph} Biological tension of carbon dioxide and therefore m 
media such as blood serum or Ringer bicarbonate solu 
tion which are more nearly physiological than phos- 
phate or similar buffers v anous types of so-called differ 
eatial manometers ha\c been dev eloped One such 
type 1 * is illustrated m Fig 82 It consists of two inde- 
pendent v easels and manometers with the manometers 
so arranged that pressure changes in the two \ essels 
may be opposed to one another on the manometer to 


8TANT \ OLUIG 
Dutebentul 
Manometer. 


permit precise measurement of the pressure differences 
between the vessels rather than the total pressure m 
each In use the tw o vessels are charged with identical amounts of medium 
and tissue the medium being either blood serum or Ringer bicarbonate 
and the gas phase being ox>gen containing a physiological concentration 
(usuall} 5 per cent) of carbon dioxide At the beginning of the expen 
mental period the tissue in one \essel is killed by tipping in acid from a 
side bulb and the tissue m the other vessel is then allowed to respire for 
the desired length of time after which it too is killed b> the addition of 
acid Although the total pressure in both v essels is now quite high due 
to the liberation of CO* from the decomposed bicarbonate in the medium 


” Summmon J Biol Chem, ui 579 (1939) 
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by opposing one -vessel pressure against the other on the manometer 
only the difference in pressure caused by the respiration of the tissue m 
the second vessel during the experimental period will register on the 
manometer This pressure difference is due to both oxygen consumption 
and carbon dioxide production After it is noted, alkali is admitted into 
both -vessels through a bottom stopcock (see Tig 80 for the type of 
x cssel used) and all the carbon dioxide is absorbed Again the differential 
reading is noted, this is now due solely to oxygen consumption by the 
respiring tissue The carbon dioxide production is obtained by sub- 
tracting this reading from the first differential reading Thus the oxygen 
consumption and R Q are accurately measurable under a continuous 
physiological tension of carbon dioxide The only disadvantage of this 
method oxer the simple Warburg method as far as oxygen consumption 
measurements are concerned is that the Warburg method gives con 
tinuous readings, whereas the differential method gix es but one reading, 
representing the entire experimental penod Conditions therefore must 
be selected so that respiration is linear with respect to time, or nearly so 
The use of the differential manometer is technically somewhat more 
difficult than is that of the simple Barcroft- Warburg manometer, but it 
is the only accurate basis for the measurement of cell respiration under 
conditions which closely simulate those prevailing normally, and the 
increased significance of the results obtained more than justifies the 
technical difficulties 

A further advantage of the differentia] manometer is that it permits 
the measurement of aerobic acid production ( aerobic glycolysis see below) 
by respiring tissues If the tissue produces acid — e g , lactic acid— aerobi- 
cally m a medium contaimng bicarbonate neutralization of the acid 
results in the decomposition of an equivalent amount of bicarbonate to 
produce gaseous C0 2 This COz is indistinguishable manometrically ftom 
the C0 2 of respiration unless the differential manometer is used, where it is 
readily done by a simple method which need not be described here (for 
details see Summerson ( [loc cit ) and also books by Dixon and by Urabreit, 
et al , cited in the Bibliography) Since the production of acid aerobically 
is a characteristic which differentiates tumor tissues from many (but not 
all) normal tissues (see table on p 340), the differential manometer is 
useful m metabolic studies on such tissues 

Anaerobic and Aerobic Glycolysis Practically all tissues show the 
ability to produce lactic acid from either glucose or glycogen under 
anaerobic conditions Such production of lactic acid is known as gly 
coh sis although strictly speaking this term implies merely a disappear- 
ance of carbohy drate rather than the specific production of lactic or other 
acids With certain tissues— e g , U\ or, kidney' — the anaerobic formation of 
lactic acid is at the expense of tissue glycogen and is independent of the 
presence of glucose, it has been proposed that the term glycolysis be 
restricted to such origin of lactic acid from gly cogen and that the term 
glucolysis be used where glucose is the source of the lactic acid 

Anaerobic glycolysis by tissues is readily measured with the simple 
Bnrcroft-W arburg manometers by suspending the tissue in a bicarbonatc- 
contmmng medium in equilibrium with the proper tension of CO t in the 
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gas phase to maintain a suitable pH, but ,, .tt. mtrogen rather than l OX) S® 
present Since m the absence of 0 x 5 gen there is no respiration, press ire 
changes on the manometer mil ordmanlj be due solclj to 
of bicarbonate by the acid produced anaerobically Anaerobic glye 5 
usually is represented by the symbol ffi', and is expressed in terms o 
microliters of CO, produced by the action of acid on the btearbemat 
present per milligram dry tissue per Iiour The anaerobic gl> tol> tic p 
of vanous animal tissues is gi\en in the table below No distinction, 
made in this table between glucolysis and glycolysis, and the \alues io 
certain tissues such as liver and kidney are subject to considerab e var 
tion because the rate of glycolysis usually falls off continuously throug 
out the average experimental period It will be noted that v arious issu 
differ considerably in their <&’ values and that tumor tissues m general 
(but not exclusively) are quite high in this respect 


Respiration and Gltcoitsis or Seiectld Animal Tissues* 


Tissue 

Qo, 

RQ 

os- 

OS' 

Muscle (dog) 

2 

0 9o 

0 

4 

Pancreas (dog) 

3 


0 


Bone marrow (rabbit) 

5 

0 90 

2 


Rous sarcoma (chicken) 

5 

0 93 

20 


I iver (fetal rat) 

7 

1 00 

0 5 


Testis (rat) 

8 

0 90 

4 


Jensen sarcoma (rat) 

9 

0 78 

17 

34 

Li\er (adult rat) 

10 

0 5-1 0 

0 5 


Embryo (chicken) 

11 

1 00 

2 

18 

Intestinal mucosa (rat) 

12 

0 8o 

2 

4 

Spleen (rat) 

12 

0 89 

2 

8 

Brain (rat) 

n 

1 00 

2 

19 

Thj roid gland (rat) 

13 


0 

2 

Retina (rat) 

19 

1 00 

22 

88 

Kidney (rat) 

21 

0 83 

0 

3 

Chorion (rat) 

26 

1 00 

7 

32 


• Many tallies are averages from the I terature For sign ficance of symbols used 
further d scussion see text 


The production of acid aerobically is also measurable in terms of the 
decomposition of bicarbonate is symbolized by Q°’ and expressed in 
the same units as for anaerobic glycolysis Aerobic glycol} sis is more 
difficult to measure than anaerobic glycolysis since there must be a waj 
to differentiate the COt of acid production from the respiratory CO* 
The only successful way to do this is with the differential manometer, 
as discussed previously In contrast to acid production anaerobically; 
which in the majority of cases is quantitati\ely due to lactic acid, only a 
fraction of the acid produced aerobically is usually accountable for as 
lactic acid Little specific information is available concerning the nature 
of other acids produced under these circumstances As can be seen from 
the data above, most normal adult tissues have a relatively low aerobic 
glycolysis, certain specialized normal adult tissues and all tumor tissues, 
are characterized by a significant aerobic glycolysis 
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It is felt bj some that the inhibition of anaerobic gb col} sis (“fermen- 
tation”) by aerobic metabolism, winch is called the Pasteur effect, maj 
be associated with the presence of a specific enzyme (. Pasteur enzyme) whose 
function is to orient cell metabolism into either fermentativ e or oxidativ e 
pathways Evidence for the existence of such an enzyme is limited at the 
present time 

EXPERIMENTS ON CELL RESPIRATION 

1 Calibration of Vessel and Manometer Principle For the calculation of 
changes in gas content in a vessel from the manometer readings under a particular 
set of experimental conditions it is necessary to know the entire volume of gas space 
m the empty v essel manometer side-arm and manometer capillary down to the lex cl 
of manometer fluid as it will be placed in actual use The best way to do this is by 
filling the entire space with mercury, then collecting and weighing the mercury , from 
the known density of the mercury at the temperature of use the xolume occupied by 
the mercury is readily obtained 

Procedure (a) Place the manometer (clean, dry, and empty of manometer 
fluid) In an upright position Fill the clean dry vessel with mercury, being 
sure that the vessel side tap is firmly in place (It may be lightly' greased and 
held secure by springs or wound rubber bands) The mercury must fill the 
entire vessel Including the center well and side bulb, any trapped air bubbles 
may be dislodged with a piece of fine wire The mercury should come to 
within about one-half Inch of the top rim of the vessel Holding the vessel in 
the hand, set it slowly in place on the manometer side arm until it is firmly 
seated Excess mercury will run out between vessel and manometer ground- 
glass surfaces during this process, should be brushed off If adhering to the 
glass, and may be caught In a large tray set beneath the entire assembly' for 
this purpose A thread of mercury will likewise be forced up into the capillary 
of the manometer side arm for a variable distance When the vessel is firmlx 
seated on the manometer, make a mark on the manometer side arm to 
indicate the limit of the mercury thread The best position for this Is in the 
straight portion of the side arm capillary a few centimeters above the vessel, 
other vessels may then, be calibrated on tbxs same manometer In the fxitxire, 
without the necessity of removing any manometer fluid present, by adjust- 
ment of the mercury thread to the same mark, this adjustment Is particu 
larly easy If the vessel side bulb tap is bored as shown In Fig 80, since by 
turning the tap to open it slightly, by slight pressure or suction the mercury 
level In the manometer side arm capillary may be controlled at will 

When the mark has been made, slowly withdraw the vessel from the 
manometer, allowing the capillary thread of mercury to folloxv and be caught 
in the mercury in the vessel as It is removed from the manometer Transfer 
the mercury from the vessel to a tared beaker, and weigh the mercury to 
the nearest 0 I g Note the temperature of the mercury From the volume 
occupied by 1 g of mercury at the indicated temperature,* 1 calculate the 


Ti e x otume occupied bj 1 g of mercury at various temperatures is as follows 


Temp 
• C 

i .. . mi 

Temp I 

°c ! 

l dune 
ml 

1 G 

t 0 0-177 

24 

O 0"3SS 

IS 

o o - 3-i 

20 

0 0-310 

20 

0 o-is-> 

2S i 

0 0-391 

22 

I 0 0“1<?5 

30 1 

0 0“190 
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volume occupied by the mercur) at this staje of the calibration Call this 
volume Vt . « 

(b) Imert the manometer, turn It so that the front faces to the rlgn 
the side arm projects to the left and fasten It securely In an upright position 
with a large adjustable buret clamp attached to a ring stand Now loosen t e 
attachment of the buret clamp to the ring stand and tilt the manometer 
clockwise until the calibration mark on the side arm and the 150 mm 
graduation mark on the attached manometer limb are in line with each ot c f 
and parallel to the table top Clamp the manometer firmly In this position 
Attach to the side orifice of the manometer stopcock a piece of rubber tubln* 
carrying a screwcock and connected to a leveling bulb containing mercury 
The manometer stopcock should he lightly greased and may be held secure 
by rubber hands Turn the manometer stopcock so that mercury may enter 
from the rubber tubing and rise into the manometer capillaries By careful 5 
releasing the screwcock on the rubber tubing, allow mercury to enter the 
manometer capillaries and rise in the side arm and main limb until the met 
cury level reaches both the calibration mark on the side arm and the 150 mm 
graduation on the main limb Slight further tilting of the manometer ma> 
be necessary at this point If there are any trapped air bubbles lower the 
leveling bulb to retract the mercury and repeat the adjustment 

When both capillaries of the manometer are filled with mercury to the 
desired points, turn the manometer stopcock very slightly to cut of! the 
flow of mercury, place a tared beaker under the straight capillary orifice of 
the manometer stopcock, and then turn the stopcock so that the mercury 
drains from the manometer capillaries Into the beaker Any droplets of 
mercury remaining behind may be forced out and Into the beaker by blowing 
down the capillaries Weigh the mercury, determine Its temperature, and 
calculate the volume of the side arm and main limb capillaries Call thi* 
volume Vu 

Calccj-attov Tf e total volume of empty vessel and manometer gas space 1 r 13 
equal to 1 v* + 1 u F rom the \ aluc of l j- the v essel constant l under a particular set 
of experimental conditions is calculated as follows 


273 1 T S273 \ 

T l . \ T ~ °) 


where lr« the total volume of vessel and manometer as described above and it 13 
the volume of fluid medium in the vessel dunng an experiment both of these v olutnes 
arc expressed in microlitera (cul ic millimeters) rather than m milliliters (1 ml - 10°° 
microliters) P. is the equivalent of 1 atmosphere pressure in mm of manometer fluid 
(7C° for mercury 10 000 for Brodie fluid see below) T is the temperature m degrees 
Absolute at which measurements are made and „ is the absorption coefficient (solu 
bihty) of the gas undergoing absorption or evolution « For the denv at ion of this equa 
tion see the book by Dixon the form of the equation is that described by Macleod 
and bummerson ** 


It can be wen that the constant for a particular vessel and manometer depends upon 
the eize of the vesscl_the v olume of medium used the temperature and the nature of 


the gas concerned The following example illustrates the calculation of the vessel 
constant for oxygen k 0 „ for a particular vessel and manometer where 1 r = 15 7 o mi 
ana z u ml of medium are employed at 38® C 


to" A OM 7 0012 ani * COi in water 0 

--s3SiaS^£=a8»2>^siit=.-- , "" 
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therefore 


Ft — 15 75 ml = 15,750 pi 
V r ~ 2 00 ml = 2 000 pi 
r = 38 0 C =311° A 
p, =» 10 000 
ao, *= 0 024 at 38° C 


__ 15 750 273 

kot 10 000 X 311 
= 1 38 - 0 17 
« 121 


2000 /273 _ A 
10 000 \311 ° v 


The v essel constant will be different with other amounts of medium at other tem 
peratures and for other gases For routine work on oxygen consumption at 38° C , 
the only n amble is likely to be the -volume of medium employed 1 essel constants 
should therefore be calculated for the \anous xolumes of medium apt to be used or 
the simple graphical method described by Macleod and Summerson (Joe cil ) for this 
purpose maj be employed 

The calibration is described for a manometer fluid setting at the 150-mm mark on 
the graduated limb This is the most satisfactory position but calibration oh\ lously 
can be made to some other setting If a thread of mercury is placed in the graduated 
capillary, the length in mm noted and the mercury then weighed and its \ olume com 
puted the a olume of the graduated capillary per mm raa\ be obtained and from 
this it is possible to calibrate the manometer at any setting on the scale proa ided the 
calibration at one setting is also known This is of \alue under certain circumstances 


Muvometer Fluid The most commonly used manometer fluid is 
the aqueous salt solution described by Brodie 27 with a specific gravity 
of 1 033, so that 10,000 mm are equal to 1 atmosphere (7G0 mm of mer- 
cury), this makes for obvious comemence in calculation, with a much 
greater sensitivity than mercury For special purposes, however, any 
other fluid whose P„ value is known (water, mercury, paraffin oil, etc) 
may be nsed 

The manometer fluid usually js contained in a stoppered rubber tube 
attached to the manometer w hich acts as a resen oir, controlled by the 
pressure of a screw cock The fluid may gradually leak out or be other- 
wise lost, it may be replenished at anv time, even during an experiment, 
by inserting a hypodermic needle attached to a sywinge containing extra 
fluid through the rubber tube wall, at a slight angle to form a “Bunsen 
■valve" after withdrawal of the needle It may also be added through the 
open top of the manometer, with precautions to avoid trapping air 
bubbles Should such bubbles be present, they may be forced to the top 
of the fluid column and dissipated by alternate pinching and release of 
the rubber tube reservoir with the fingers, to force the manometer fluid 
up and down 


2 Measurement of Ox ygen Consumption of Rat Lt\cr Slices by Marburg 
Method (a) I*REr uiation or Tissue Kill a young adult rat by a blow on the 


17 Brodie fluid is made as follows DissoK c 23 g of sodium chloride and 5 g of bile salts 
(sodium taurogly cocholatc or sodium gl> cocholatc Merck) m 500 ml of water A few 
drops of an alcoholic thy mol solution may be added as a preserv ati\c and it is convenient 
to color the fluid by ad ling a few hundred mg of a suitable dj e (Cry stal violet Gentian 
violet or T i a ns blue) The specific gravity of the final solution should be 1 013 i e 10 ml 
should weigh 1 033 times as much as 10 ml of water at the same temperature 
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head, followed by .e*erln S the nock te.,el. and .plnal c°rd « the "Irt 

scissors open the abdominal cavity and remove the liver as quickly » ^ 
slble Rinse the liver In a beaker containlnq Rlnqer « solution, . 

the largest lobe of the liter and place Pat on a pad of filter paper t 
momentarily With a sharp tliln raror blade moistened with Ringer 
tlon, cut off a small portion of the liver In such a way that the cut sutiac 
makesan angle of about 45” with the table top, and discard this portion 
tlnue cutting freehand along the plane of the first cut surface to o > 
number of thin slices of liver, making each slice os uniformly thin as post o 
(the leading edge of the razor blade should be visible through the slice as 
being cut) With practice, uniform slices about 0 5 mm thick are rea J 
obtained As each slice Is obtained, transfer It to a flat dish containing Ring- 
er s solution, and keep the blade of the razor and the cut surface of t ® 
moistened with Ringer's solution Continue cutting until sufficient slices 10 
the experiment ore obtained, usually two to four slices are require P 


vessel ,i n ns 

(b) Preparation or \ essfls Measure duplicate (or triplicate) 2-ml pot 
of medium” Into clean dry Barcroft-Worburg vessels, avoiding the center 
well. In another vessel place a few ml of water, this will be the thermo 
barometer control With a forceps or platinum wire, transfer a liver slice from 
the dish to a pad of filter paper and drain momentaril) , then quickly trans er 
to a tared watch glass on a balance Add more slices treated In the same way 
until the desired weight of liver tissue Is obtained, 100 to 200 mg wet weig 
Is usually satisfactory Immediately transfer the weighed clump of slices to 
one of the vessels, immersing them In the medium The vessel may be shaken 
briefly to separate the slices In like manner, charge the remaining vesse » 
containing medium with weighed amounts of tissue The weights of tissue In 
each vessel need not be Identical, but they should be known to the nearest 
milligram 

When all the vessels are ready, obtain one more known weight of tissue by 
exactly the same procedure, but transfer this to a small tared watch glass or 
weighing dish This Is to be dried In an oven overnight at 100° C , and weighed 
again, to determine the dry weight of the tissue 

When the tissue Is In place in the vessels, complete the preparation of the 
vessels by placing In the center well of each (except the thermobarometer 
vessel) 0 2 ml of 10 per cent KOII solution, using a plpet with a fine tip I s0 
alkali must get into the medium surrounding the center well It Is advan- 
tageous, but not absolutely necessary, at this point to Insert a small roll of 
starch free filter paper (Whatman No 40 Is satisfactory) In the center well 
so that the top of the roll projects a millimeter or two above the rim of the 
center well, the alkali, being absorbed on the paper roll, thus projects into 
the gas space of the vessel and is better able to absorb COi 

(c) Preparation of Manometer When all the vessels are ready, mount each 
one on Its manometer, using a small amount of suitable stopcock grease, 1 * 


" Ringer s solution may be prepared as follows to 9G0 ml of 0 154 M NaCl solution add 
°° !™, of 0 154 M KC1 solution and 20 ml of 0 11 M CaCl, solution 
* The fe hum i» Ringer pi osphate To 10 volumes of Ringers solution add » 
yolumeofM/15 pi ospl ate buffer pit 7 4 For preparation of pi osphate buffer see CUftf, 
1 If glucose is desired in tl e medium a level of 200 mg per 100 ml ma> be established by 
add ng 2 ml of 10 per cent glucose solution to 100 ml of med um The presence of glucos* 
in the med um does not affect tl e oxygen consumption of Liver slices but is necessary with 
many other tissues 

*• Cello-Seal obtainalte from the tisher Scientific Co New York ts quite satis- 
factory Ordinary petroleum jelly or anhydrous lanolin may also be used but since these 
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and attaching the vessels firmly to the manometer shanks by small springs 
or wound rubber bands. Fill each vessel containing tissue with oxygen by 
passing a slow stream of the washed gas from a tank* 1 through the vessel, at- 
taching the rubber tube delivering the gas to the top of the manometer so 
that the gas passes through the manometer stopcock and capillaries into the 
vessel and out the opened side bulb of the vessel. A few minutes’ passage is 
sufficient for each vessel; all the vessels can be gassed at once if a multiple 
manifold attached to the tops of all the manometers Is used. It is not neces- 
sary to gas the thermobarometer vessel. 

When the vessel is filled with oxygen, turn the stopcock at the top of the 
manometer so as to close off the manometer and divert the flow of gas to the 
outside air; at the same time, have the greased plug for the side bulb ready, 
and as soon as the gas flow has been diverted, insert this plug and fasten It 
securely. Continue in this way with each of the other vessels being gassed. 

Place the manometers one by one on the constant-temperature bath, 
which should be at 38“ C. As each vessel enters the thermostat, the temper- 
ature rise will cause expansion of the enclosed gas and the manometer fluid 
will rise. Release the excess pressure by momentarily opening the manom- 
eter stopcock to the air and then closing it. This operation may have to be re- 
peated. The thermobarometer is placed on the bath with the manometer 
stopcock open. 

Start the shaking device and shake vessels and manometers lor 10 min- 
utes ; this is usually sufficient to bring about temperature and pressure 
equilibrium. During this time, adjust the manometer fluid so that the level 
In the closed limb is approximately at the calibration setting (usually the 
150-mm. point on the scale). Since the pressure change to be expected during 
the experiment will be negative, the level of manometer fluid in the open 
limb should be as high as possible, to permit maximum range of readings. 
It may be necessary here also to release the pressure within a vessel momen- 
tarily to permit the indicated adjustment of manometer fluid level in each 
limb. During the preliminary equilibrium period, close the thermobarometer 
also; the level of manometer fluid should be about the same in each limb 
here. 

When measurements are to be begun, stop the shaking device, note the 
time, and immediately set the manometer fluid level In the inner (closed) 
limb of the first manometer at exactly 150 mm. Record the fluid level In the 
open limb, to the nearest mm. Now read the thermobarometer in the same 
way. For each vessel reading there must be a thermobarometer reading unless 
temperature and atmospheric pressure remain sufficiently constant so that 
one thermobarometer reading suffices for all the vessels; this is rarely true. 

Continue with the reading of the second manometer in the same way, 
until all of the manometers containing tissue have been read. When this 
has been done, start the shaking device. Repeat the readings as above, at 
suitable time intervals, usually 10 or 15 minutes, for the duration of the 
experimental period. 

Calculation Subtract each reading for a vessel from the prc\ ious trading, and 
from this subtract algebraicallj’ the change in themiobarometer reading during the 
same time, to obtain the net change m pressure for the time internal co\crcd by the 
readings Multiply the pressure change, h, by the acssel constant for ovj gen under 

become somewhat soft at 3S® C , it usualij is necessarj to tighten the % essefs on the munnm* 
eters at least once during the prclimwarj incubation period « hen thej are u«ed 

" Tanks containing oxj gen and other gas mixtures mentioned here maj be obtained from 
the Ohio Chemical Co , New York Cit> 
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cedure above If at the end of an experimental period the fluid lev el in the open limb is 
below the graduated range when the manometer is set at 150 mm and it is desired to 
obtain a reading without resetting the manometer, set the manometer level at two 
successive points above the 150 mark — eg , at 170 and at 160— make each reading 
quickly , and extrapolate to tlie reading at 150, since the change in reading between 
ICO and 150 will be the nrae as that between 170 and 160 

3 Measurement of Anaerobic Glycolysts by Tissues Prepare the tissue as 
described under Exp 2, but use Ringer-bicarbonate solution containing 
added glucose as the medium” and do not put any alkali into the center 
wells After attaching the vessels to the manometers, pass a stream of washed 
nitrogen gas containing 5 per cent carbon dioxide” through the vessels for 20 
to 30 minutes at room temperature to completely displace any oxygen pres 
ent During the gassing period run the manometer fluid up and down once or 
twice to replace the air in the manometer capillary by the gas mixture, and 
shake the vessels occasionally to aid in displacing any air bubbles trapped in 
the medium In turning the gas off and closing the vessels, take suitable pre 
cautions against the possible diffusion of room air into the system in the 
process Vessels with bored plugs in the side bulbs, which can be left In place 
but clear for the passage of gas during the gassing period, and then closed by 
a quarter- turn, are much to be preferred over the type having solid side- 
bulb plugs 

The rise in pressure caused by’ immersing the vessels in the thermostat 
at 38° Is released as described under Exp 2, again with precautions against 
allowing air to regnter the system Since the readings will always be positive 
in this type of experiment (i e , the pressure will increase owing to decom 
position of bicarbonate by the acid produced), set the manometer fluid level 
in the open limb at the bottom of the scale rather than at the top This is 
easily done by forcing up the manometer fluid in the closed limb to about 200 
mm , opening the stopcock cautiously to release most (but not ail) of the 
excess pressure then closing the stopcock and lowering the manometer 
fluid level to the 150 mark on the closed limb If this is done properly, the 
fluid level in the open limb will be low down on the scale at this point 

Equilibrate by shaking for 10 minutes, then start readings, making them 
.? Aiw (irfcfcff rreetf rose Am jJitssw?/ j’cnrT tor oVscrvAvtf Asv" 
the measurement of oxygen consumption in Exp 2 Read at suitable intervals 
for the desired length of time 

Calculation Subtract each reading from the next one and subtract algebraically 
from this the change in thermobarometer reading during the same period as for Fxp 
2, to obtain the net increase in pressure due to acid production Multiply by the 
vessel constant for CO* at the fluid volume used Aco, to obtain the number of *d of 
COt evolved as the result of acid production Express results m terms of <?o", which is 
defined as the number of microliters of COt equivalent to the acid produced by 1 mg 
dry weight of tissue in one hour, under anaerobic conditions 


To 5 volumes of Ringer s solution add 1 volume of 0 15 M NaTICOi solution Bubble 
the nitrogen (95 per cent) COt (5 per cent) gas mixture through this saltitton lor ab o it 
15 minutes before using to bring to pH 7 4 A glucose concentration of npi roximatcly 200 
mg per 100 ml ma> be established by adding 2 ml of 10 per cent gluco-e solution to each 
100 ml of medium 

” Tanks containing 95 per cent nitrogen 5 per cent carbon dioxi ie gas mixture may be 
obtained from the Ohio Cl emieal Co New \ ork City The gas mixture may be freed from 
the traces of oxvgen usually present by passing through a heated tube filled with metallic 
copier turnings Pass the dried gas through n wash bottle containing water to saturate 
with water vapor before entering the vessels 
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With certain tissues anaerobic glycolysis proceeds linearly for hours, provided 
sufficient glucose is present, with other tissues the rate of glycolysis is lndepenue 
of the presence of glucose (and hence is presumably at the expense of glycogen) a 
maj show a continual decrease with time In this latter instance, the Q values repre- 
eent the axcrage for an hour, or may be computed on the basis of shorter expenmen a 
periods 
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Salivary Digestion 


Digestion in General. The greater part of the food elements in the 
diet require special treatment to render them capable of absorption and 
utilization by the body. Water, glucose, and certain inorganic salts and 
vitamins are exceptions, but the proteins, fats, and carbohydrates, as 
well as other substances, must be split up into simple components as 
monosaccharides, glycerol, fatty acids, amino acids, etc. The necessary 
changes are chiefly hydrolytic in character and involve especially the 
action of enzymes found in the different parts of the gastrointestinal 
tract. Because of the variations in the quantity and character of food 
ingested and the variety of changes that must be brought about, the 
different parts of the gastrointestinal tract must show a considerable 
power of adaptation and coordination. In this, both hormone and nervous 
mechanisms are concerned. 

Certain changes similar to those occurring in digestion may take place 
in foods prior to ingestion In the ripening of certain fruits, such as the 
banana, starch is changed to dextrin and maltose through the action of 
amylase. Meats on storage undergo some self-digestion or autolysis. This 
process may be hastened for commercial purposes (“tenderizing") by the 
application of proteolytic enzyme preparations to meat cuts In the cook- 
ing of foods connective-tissue fibers are gelatinized and starch granules 
are broken up and some dextrinization of starchy foods occurs. Cooking 
also increases the palatability of foods and in this way promotes the 
secretion of digestive juices. 

Secretion of Saliva. The saliva is secreted by three pairs of glands — 
parotid, submaxillary, and sublingual — reinforced by numerous small 
glands called buccal glands. These secretions vary in character. Thus 
in man the parotid saliva is watery and has a high digestive power. The 
secretions of the other glands are higher in mucin and more viscid. Ordi- 
nary saliva is a mixture of the secretions of these glands and shows con- 
siderable variations in composition in different individuals, and in the 
same individual at different times. 

The secretion of saliva is governed by a set of nerve fibers cerebral in 
origin, together with fibers from the sympathetic nervous system. No 
hormone mechanism in salivary secretion is known. Ordinarily the secre- 
tion of saliva is the result of a reflex stimulation of the secretory nerves 
through a center in the medulla oblongata. Psychic stimuli, brought 
about by such influences as the thought of food, pass from the higher 
nerve centers to the secretory center and also give rise to secretion. The 
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result*! of Pas 1 os* on do g , *how it to bo 

differentiate between the two types of stimuli Paslos touna « 
p.ng'everd pebbles into a dog’s mouth caused the 
two drops of saliva, but sand in the mouth ' nducad a '.T™k;f ter solu- 
tion watery saliva. lee ivater caused no secretion, but acid or bitte 
tions which the animal wi-hed to reject caused a free ; flow ° f" ^ 
food caused the seeretion of a watery saliva; meat led to 
more ri.my secretion, such as would aid in the lubrication of this food 
swallowing Drawing the attention of the animal to these foocH W" 11 
actually gumg them to him, gave rise to similar “ c ™ t '° na ™ .4 , 0 , 
the pretense of throning sand into the mouth of the dog g 

^Thifa'mount of saliva secreted by an adult in 24 hours h “ s b ““ '‘jjjjj 
ously plaied, as the result of experiment and observation, betweci w 
and 1500 ml , the exact amount depending, among other conditions, 1 
the character of the food In the absence of obvious external stimuli, 
rate of salivary secretion in the adult appears to be betw een 0. m . 


0 9 ml per minute. f c _ 

Composition of Saliva. Salivary composition depends on man* • 
tors: stimulation, diet, age, time of day, disease, etc To insure repr 
ble, rcprc«cntativ e samples 'for analysis, the conditions for co ® c , _ 
should include (a) a definite physiological, postahsorptive state ( e 
breakfast), (5) no brushing of the teeth, rinsing of the mouth, or sra° . 
prior to collection, (c) about a two-hour interval between arising a 
collection, including a 15-minute rest period immediately preceding ® 
lection Stimulation >ields a relatively more dilute saliva, but the din 
cnce diminishes as collection is prolonged jj 

Ordinanlj saliva varies from weakly alkaline to weakly acid, the P 
ranging approximately from 0 0 to 7 9 with an optimum pH of 
There is evidence that normal indi\iduals under 20 and without den a 
defects secrete a saliv a with a pH betw een 7 0 and 7 2 No absolute cor ^\ 
lation has been shown between salivary acidity and canes or other deni 
disorders Howe\ cr, low er pH values occur more frequently among canes* 
susceptible individuals There is evidence that increased acidity of sm IV 
is a late rather than early manifestation of the caries syndrome as com 
pared with changes in the level of other salivary constituents. Hcnta 
erosion is usually accompanied by greatly increased total salivary acidity* 
The acid secretion from the gingival crevice and the marginal 
tends to di-sohc enamel in the regions already predisposed as a 
unfav orable metabolic conditions 

Sain a is a dilute secretion having an average specific gravity of l*0y 
with about 0 7 per <ent of solid matter, about 0 5 per cent being organs 
and 0 2 per cent inorganic Of the organic matter about 0 4 per cent * s 
protein, chieflv mutin, with ‘•mall amounts of albumin and globulin. Other 
organic constituents are enzymes (thiefij salivary atnvlase), urea, « nC 
and, chole-terol, vitamins, and pho^pholipide Average values ha'® 
txs n n ported of total non prut cm nitrogen 13 mg , urea plus ammonia 
nitrogen 11 mg , and unc and 1 5 mg per 100 ml These amounts a' cr ' 
aged 37 per cent, 70 per cent, and 40 per cent, respectively, of the cor- 
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responding constituents m blood Analyses of the sain a for these con- 
stituents possess a certain clinical -value m the study of nephritis but are 
little used for this purpose Normal sain a contains no glucose Increases m 
cholesterol and in lipide phosphorus have been noted m certain dental 
disorders 

The normal composition of saliva is shown an the accompanying table 
Composition of Normal Saliva* 


Constituent A ormal Range 


Acidity (pH) 



6 

0 

— 7 

9 





Titratable alkalinity 

(as 0 02 

N HC1) 

90 

0 

- 190 

0 

ml 

per 

100 

ml 

Ammonia \ 



2 

0 

- 10 

0 

mg 

per 

100 

ml 

Calcium, total, as Ca 


4 

0 

- 8 

0 

mg 

per 

100 

ml 

Inorganic phosphate 

as P 


10 

0 

- 25 

0 

mg 

per 

100 

ml 

Chloride as Cl 



10 

0 

- GO 

0 

mg 

per 

100 

ml 

Carbonate as CO* 



20 

0 

- 45 

0 

ml 

per 

100 

ml 

Protein 



200 

0 

- 400 

0 

mg 

per 

100 

ml 

Cholesterol 



2 

5 

- 9 

0 

mg 

per 

100 

ml 

Lipide P 



0 

05 

- 0 

20 

i mg 

per 

100 

ml 

The \ atues here giv en a 

,re based 

on saliv a collected in 

a postabsorpti\ 

e state and ( 


the exception of those for cholesterol and lipide P) b> stimulation Possible relationship to 
caries may be found m the following constituents ammonia calcium and phosphate (espe- 
cially the adsorbable fractions) carbonate cholesterol and lipide P Acknowledgment is 
made to Dr Frances Krasnow for the data from which this table was compiled 

Potassium thiocyanate KSCN, is also generally present in the saliva 
to the extent of several milligrams per milliliter The significance of tluo- 
cy anate in the saliva is not known, it may possibly come from the ingested 
cyanides present in certain fruits and m tobacco smoke and from the 
breaking down of protein material Apocrythem a protein fraction which 
protects vitamin B 12 from digestive destruction is also present m saliva 
This may be identical with the intrinsic factor of Castle 
Dam and his associates 1 have shown the following average content of 
vitamins in saliva (gamma ( 7 ) per ml ) Thiamine 0 007, riboflavin 0 05, 
matvn 0 03, pyndoxme Ob, pantothenic acid (as Ca salt) 003 folic acid 
0 0001, biotin 0 0008, ascorbic acid 2 4 vitamin K (as menadione) 0 015 
The so-called tartar formation on the teeth is composed almost entirely 
of calcium and magnesium phosphates with some calcium carbonate 
mucin epithelial cells and organic debris derived from the food The 
calcium salts are held in solution as acid salts, and are probably precipi 
tated by alkalinity caused by ammonia formation through bacterial 
action or through loss of CO* from the saliva The various organic sub- 
stances just mentioned are earned down in the precipitation of the cal- 
cium salts There is evidence of increased sahv ary calcium in individuals 
suffering from excessiv e tartar deposition 

So-called sahv ary calculi may form in the gland or m the duct Their 
composition is similar to that of tartar Tins condition is known as 
sialolithiasis 

Salivary Amylase. The principal enzyme of the <ah\a is known as 
salivary amylase The name ptyalin, formerly u*cd for this enzyme, is 


1 Dam et nl JnJfrn Z 1 t taminforsch W 234 (1948) 
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now obsolete. Salivary amylare is an amvlolytic enzyme. Hie cnz>m 
catalyzes the hvdroHtie splitting of «tan.h, glycogen, and the dextrin 
into simpler molecules, the process bring a progressive one w ith the disac- 
rharide maltos; as the ultimate end product. 

The opinion has been confirmed that the salivary amylase nrtiwty 
varies with the composition of the diet and is highest on a diet which is 
predominantly carbohydrate.* 

The first product of the action of the amylase on starch is soluble 
starch, who«c formation is indicated by the disappearance of the opales- 
cence of the starch solution. Soluble starch gives a blue color with iodine; 
its formation from starch is not associated with the production of free 
reducing sugar (maltose). Further action of nmjla'v on starch apparent!} 
consists largely in the hydrolytic splitting of the second glycoside linkage 
from a free end of the long chain (straight or branched) of gluco<e residues 
which make up the starch molecule. This action produces the di saccharide 
maltose and a series of smaller polysaccharide molecules which arc rela- 
tively ill-defined and which are known as the dextrins. 

The various dextrins differ in molecular size and complexity, depending 
upon the extent of amylase action. Tl»c higher members of the sen« 
resemble starch in giving a blue or purple color with iodine; as the mole- 
cule becomes smaller by the splitting ofT of malto 1 ^, a red color is Ri'' cn 
with iodine (erythrodcxlriru), and the lower mcmlicrs of the series give 
no color at all with iodine ( achroodeilrina ). Thus during the action of 
salivary o-amylase on starch, free maltose is produced almost immediately 
and progrcssi\ely increases in amount; at the same time the color reac- 
tion with iodine changes from blue through red to colorless. Both th c 
increase in reducing sugar and the change in the iodine color reaction 
are used in following the course of action of amylase on starch. The 
changes described above may be represented as follows. 

Starch 


Soluble starch 


Hig her dextrins Maltose 

Erythrodextrins Maltose 

Achroodeitrins AMtose 

Maltose 

These steps m the breakdown of straight and branched glucose chains in 
amylose and amylopectin are illustrated in F lgs 83 and 84 respectively- 
m nund ’ ho " e ' er . that our knowledge of the course of 
d v rol yf , \ by * m / lase » incomplete This Is due to the complicated 

war to°tl b m h t rCh f i** Cbaptcr 2) and amylase Most amylases 
peartobe mixtures of two enzymes, a- and 0-amylase, which are said to 

* Squires J PhyncL, IW, 153 (1953), 
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produce respectn ely o- and 0 maltoses on starch I13 drolj sis According to 
one stud> on malt amjlase, starch is completely hj drolj zed to maltose by 
a- 4- j3 amylase 4~ a complement present with these in malt Without the 
complement, 80 per cent of the starch may be split, leaving 20 per cent 
of residual dextrin with slight reducing power a-Amylase alone lea\es 
about 60 per cent of dextnns giving no color with iodine, while /3 amylase 
alone leases about 40 per cent of dextnns giving a blue color with iodine 
The amjlase of saliva is chiefly a amjlase Both amylases are found in 
malt extract Malt extract kept for several days at 0° C and at pH 3 G 
contains only fi amj lase a Amylase is obtained by extraction of ungermi- 
nated barley with water 

Salivary amjlase acts in alkaline, neutral, or faintly acid solutions The 
optimum acidity is pH 6 6 Amjlase is destroj ed at acidities greater than 



Fio 83 Action op o-Amtlase ov Autlose (o) 

Glucose Unit ( o-O-) a 1 4-Glucosidic Linkage 
( i) a- A mylase Action 
P Bernfeld Adv Enfjmal 12 379 (1951) 

pH 4 or at concentrations of free HCi greater than 0 0005 per cent By 
sufficiently increasing the alkalinitj of the salrva the action of the sail 
varj amjlase is inhibited Salivary amjlase has been crystallized 8 
Electroljtes have an important influence upon the action of amylases 
For example, Rockwood has shown that Cl Br, and N0 3 ions have a pro- 
nounced stimulating action upon salivarj amjlase Removal of chlorides 
from saliva bj dialjsis renders the amylase inactiv e Amino acids par- 
ticular! j asparagine, have an accelerating action Salts of the heavj 
metals such as silver and mercurj inhibit because they combine with the 
enzyme, which is apparently of a protein nature 

Because of its sensitivity to acid, salivary amjlase ceases to act m the 
stomach as soon as the gastnc contents show throughout the presence 
of free hjdrochlonc acid Since, howe\er, the amjloljtic activity of 
human saliva is very great, an appreciable digestion of starch maj occur 
during the period of mastication and swallowing Furthermore, the food 
which is swallowed is not immediate!} mixed in its entiretv with gastric 
juice and the protein of the food has a certain binding power for free 
acid, no that a certain interval maj intervene between the entrance of the 
food into the stomach and the destruction of the mm lose This period 
v anes much in different animals and depends also on the size and charac- 

* Mejer <>t al //<!* cA»m. Aeta 31 215S (194S) 
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ter of the meet In .or, uneven., » 

Jrr^T ;r -.- - * 

fatarch to maltose of about liO anil ‘o por «-nt jre poet «„> 

The digestion of th, , ■*« h ■ of foo< d 



o GLUCOSE UNIT 

t RE0UC1H5 END GROUP ^S-a- I,6-CLUC05I010 LIHKACC 

$ O-I.4-GLUC0S1DIC LINKAGE 


Fia 84 Action or a Vmtlabe on Ajitlo pectin 
Upper portion Formation of iodine reacting dextnns of medium molecular we'B 
J oteer portion Possible structures of limit dextnns (heptasacchandes, hew 13 
chandes etc ) 

P Bernfeld Adi Enxvmol 12 379 (1951) 

digestion may have some favorable effect on protein digestion in 
stomach. The action of salivary amylase is not, how ever, essential, sinC 
the pancreatic juice contains a powerful amylase . t 

The saliva of rodents is amylolytic Hog saliva contains amj lase, hu 
much less than human saliva The saliva of carnivorous animals is f r 
from amylase, as is also that of herbivorous animals 
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Malta*® is found in traces m saliva Maltase splits maltose into glucose 
but the amount of such digestion m the mouth is very slight It is claimed 
that dipeptide- and tnpeptide-splitting enzymes are present in saliva 
This action in at least some cases is due to bacteria and in any case is not 
of digestive importance 

Mucin. Mucm gives saliva its viscosity It is a glycoprotein, insoluble 
m water or dilute acid but soluble in dilute alkali When precipitated, 
as upon the teeth, mucm forms with alkali a slippery mass which dis- 
solves but slowly It is therefore removed from the teeth with difficult} 
and may furnish a nucleus for the deposit of other substances Mucm 
maj be precipitated from saliva by dilute acid or by alcohol It is an acid 
substance existing in saliva as the potassium salt It gives the usual pro- 
tein color reactions, but is not coagulated by heat in neutral solutions 
It is precipitated by saturating with ammonium sulfate On hydrolysis 
it yields besides protein a mucoitin sulfuric acid which on further decom- 
position gives sulfuric acid, acetic acid, glucuronic acid, and glucosamine 

Microscopical examination of sain a reveals epithelial cells, salivary 
corpuscles (white blood cells 7 ), mucus food debris, and numerous micro- 
organisms from the true bactena, higher bacteria, fungi, and protozoa 
groups Pus cells and red blood cells may be evident in pathological condi- 
tions of the mouth 


EXPERIMENTS ON SALIVA 

A satisfactory method of obtaining the sali\ a necessary for the experi- 
ments which follow is to chew a small piece of pure paraffin wax, thus 
stimulating the flow of the secretion, a\ hich may be collected m a small 
beaker It must be remembered m this connection that paraffin stimu- 
lated saliva is quite different in some respects (e g , pH) from ordinary 
saliva Filtered saliva should be 
used in every e\periment except the 
microscopical examination and the 
qumtatataxe determination oi am- 
ylase activity 

t Microscopical Examination Ex- 
amine a drop of unfiltered saliva 
microscopically, after staining with 
methjlene blue, and compare with 
Fig 85 

2 Reaction Test the reaction to 
litmus or other suitable indicator 
paper Estimate the approximate pH 
of the saliva Measure 2 ml of fresh saliva into a small test tube Add 10 drops 
of an indicator solution suitable for measuring pH at the estimated pH of the 
saliva 4 Compare with 2- ml portions of pH standard solutions 4 treated with 
the same amount of indicator in similar tubes The standards should differ by 


* See Chapter \ for tl e preparation and use of indicators standards and the comp — * — 
btock 



Fig 85 Micnoscoric Constituents op 
Salw a 

a Epithelial cells, b sih\ ary corpuscles, 
c fat drop3 d leukocj tes, e, f, g bacteria, 
h i k fission fungi 
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0.2 pH unit. 1 Determine the pll of the «II«. The r. m P..1.0"'* 
in a comparator block, with a tube containing saliva only placed 
standard, and a tube of plain water behind the saliva-indicator 

3. Test for Mucin. To a small amount of saliva In a test tube add 1 to 2 
drops of dilute acetic acid- Mucin is precipitated. 

4. Biuret Test. Render a little saliva alkaline with an equal volume of NaOlI 

and add a few drops of a very dilute (2 to 5 drops In a test tu e w 

copper sulfate solution. The formation of a purplish-violet color Is : d ^ 
mucin. This reaction is given by protein material and simply Indlca 
mucin is a protein. 

5. Preparation of Mucin. Pour 25 ml. of saliva into 100 ml. of 95 Percent 
alcohol, stirring constantly. Cover the vessel and allow the P rcc, P‘ 
stand at least 12 hours. Pour ofT the supernatant liquid, collect th P 
cipltate on a filter, and wash it, in turn, with alcohol and ether. 

dry the precipitate, remove it from the paper, and make the following 
on the mucin: (o) Test its solubility in water, dilute acid, and dilute • 
lb) Mlllon’s reaction; (c) dissolve a small amount in NaOll, and try the o 
test on the solution; (d) boil the remainder, with 10 to 25 ml. of water 
which 5 ml. of dilute IIC1 has been added, until the solution becomes brown' 
ish. Cool, render alkaline with solid sodium carbonate, and test by Bened c 
solution. Reduction should take place. Why? Does the unhydrolyzed mud 
reduce Benedict’s solution? 

Mucin may also be prepared from salivary glands. 


6. Viscosity Test. Place filter papers in two funnels, and to each add an 
equal quantity of starch paste (5 ml.). Add a few drops of saliva to one lot o 
paste and an equivalent amount of water to the other. Note the progress o 
filtration in each case. Why does one solution filter more rapidly than the 
other? 


7. Test for Nitrites. Add 1 to 2 drops of dilute H t SO« to a little saliva and stir 
thoroughly. Now add a few drops of a freshly prepared potassium iodide 
solution and some starch paste. Nitrous acid Is formed which liberates iodine, 
causing the formation of a blue color with the starch. 

8. Thiocyanate Test: Solera's Reaction. This test depends upon the libera- 
tion of iodine through the action of thiocyanate upon Iodic acid. Moisten a 
strip of starch paste-lodlc add test paper* with a little saliva, if thiocyanate 
is present the test paper will assume a blue color, owing to the liberation of 
iodine and the subsequent formation of the so-called iodide of starch. 


9. Digestion of Starch Paste. To 25 ml. of starch paste in a small beaker, 
add 5 drops of saliva and stir thoroughly. At intervals of a minute remove a 
drop of the solution to one of the depressions In a test tablet and test by the 
iodine test. At the same time add 3 drops of the mixture to one of a series of 
test tubes set up with 5- ml. portions of Benedict’s reagent. The opalescence 
of the starch solution should soon disappear, indicating the formation of 


oi "» ■"-*«» «i »i... ■» «.e mouth. 

KS i taS *,£k7; XT 1 ■“> ' "«>»»'"■■ IKcnow. Oh. 
* See Appendix. ''' 
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soluble starch which gives a blue color with Iodine. The soluble starch should 
soon be transformed into erythrodextrin which gives a red color with iodine, 
and this in turn should pass into achroodextrin which gives no color with 
Iodine. This is called the achromic point. When this point Is reached, com- 
plete the Benedict tests by placing all the tubes In a boiling water bath for 3 
minutes, and note the degree of reduction in each tube. Tabulate your results 
with the iodine and Benedict tests in parallel columns. Also perform a 
phenylhydrazine test for maltose (the osazone crystals may not have the 
typical appearance of maltosazone). A positive Benedict test may be obtained 
while the solution still reacts red with iodine, inasmuch as some maltose is 
formed from the soluble starch colncidently with the formation of the 
erythrodextrin. How long did it take for a complete transformation of the 
starch? Saliva from different individuals may vary markedly in amylolytic 
power. For a graphic representation of the above changes see p. 352. 

10. Separation oj the Products of Salivary Digestion. To 25 ml. of 1 per cent 
starch paste in a small beaker add I ml. of saliva and stir thoroughly. At 
intervals of one minute test a drop of the mixture by the iodine test. If the 
blue color persists after five minutes add another 1 ml. of saliva. When the 
mixture reacts red with iodine, indicating that erythrodextrin has been 
formed, add 100 ml. of 95 per cent alcohol. Allow to stand until the white 
precipitate has settled. Filter, evaporate the filtrate to drjness on a water 
bath, dissolve the residue in 5 to 10 ml. of water, and try Benedict’s test and 
the phenylhydrazine reaction. On the dextrin precipitate try the Iodine test. 

11. Influence of Temperature. Into each of four tubes place about 5 ml. of 
0.2 per cent starch paste. Immerse one tube in a beaker containing crushed 
ice, keep a second at room temperature, and place a third in the incubator or 
the water bath at 40° C. (If the temperature of the bath or incubator is al- 
lowed to rise to 70° C. or over the enzyme is destroyed and no digestion takes 
place.) Now add to the contents of each of these three tubes 5 drops of saliva 
and shake well; to the contents of the fourth tube add 5 drops of boiled saliva. 
Test frequently by the iodine test, using the test tablet, and note in which 
tube the most rapid digestion occurs. Explain the results. 

12. Estimation of Amylase in Saliva. Pipet exactly 1 ml. of unfiltered saliva 
Into a 100-ml. cylinder. Dilute to the 100-ml. mark, and mix well. Pipet 
5 ml. of 1 per cent soluble starch into a test tube. Add 2 ml. of 1 per cent NaCl 
solution and 2 ml. of a buffer solution of pH 6.6 T and put in a water bath 
maintained at 38° C. Prepare a series of 10 test tubes, each containing 2 ml. 
of a light > ellow iodine solution. Now add 1 ml. of diluted saliva to the starch 
mixture and return to the bath at once. Record the time of this addition. 
At the end of each minute of digestion, with a pipet remove 2 drops of the 
mixture and add to one of the tubes of iodine solution. Record the time when 
no change in color appears in the iodine solution (achromic point). If this 
time is less than 5 or more than 20 minutes, repeat, using a different dilution 
of saliva such as will give a digestion time of about 10 minutes. Thus if 3 
minutes are required, dilute 30 ml. of the original diluted saliva to 100 ml., 
and use 1 ml. of this for the test. 

One unit of amylase may be considered to be the amount required to digest 
5 ml. of 1 per cent soluble starch to the achromic point in 10 minutes under 
the conditions of the test. The number of units of am>lase In 1 ml. of the 
saliva tested will equal 100 (or whatever the dilution of the original saliva 
might be) X 10 + the number of minutes to the achromic point. From 100 to 
150 units are frequently found. 
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,, Influence ot Had on Salnary Amylase. Repeat the precedlnj e.pm- 

nZJSZSZ - Nad .olutlot, by ^cLToTJZ” ^^ 
qulred, showing that NaCl accelerate the action of salivary a 
saliva be dial} zed free from chlorides It becomes inactive. 

14 Influence oj pll on Solitary Amylase. In Exp 12 the .olu.ionl.a.> 

6 6. Replace ,he phosphate bullet of .hi, eape, men. by .no.h^ 
pH 5.8 and In a second experiment use a buffer of pli 8.0. Which g 
tion in the shortest time and is hence nearest the optimum pH? 

IS. Excretion of Potassium lod.de. With .he eld of n Glass of ^.er.M”' 
a .mail do,e of potassium lod.de (0.2 «.) contained in a g.l«ln “ p “ f01 
quickly rinse out the mouth with water, and then test the . alien at < 
iodine. Tht, test should be nefiatlee. Make additional test, for Iodine . » " 
minute intervals. The test for iodine is made as follows: Take 1 ml. ® 

NaNO, solution and 1 ml. of dilute II, SOP in a test tube; add a little sa 
directly from the mouth, and a small amount of starch paste. The - 

of a blue color signifies that the potassium iodide is being excreted th 
the salivary glands. Note the length of time elapsing between the infr ” 
of the potassium Iodide and the appearance of the first traces of the 
stance in the saliva. If convenient, the urine may also be tested at 15- © 
minute intervals after ingestion of the iodide. The chemical reactions taM s 
place in this experiment are indicated in the following equations: 

(o) 2NaNO* + HiS0« -4 2I1XO* + Na*S0. 

(b) 2K1 + HjSO« -4 2111 + KtSOi 

(c) 2HXO* + 2HI -4 1, + 211,0 + 2XO 

Inasmuch as iodide Is absorbed from the stomach very slowly, if at all, 
is very rapidly absorbed when it enters the intestine, the rapidity of app« af 
ance of the iodide in the saliva is an index of the rapidity with which the drug 
leaves the stomach, which depends on the motor activity of the stomac , 
the amount of food therein, etc. By drinking a glass of water with the lodi e 
a more rapid result is obtained. 
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Following mastication the food is earned by peristaltic movements 
of the esophagus to the stomach Here it undergoes further mechanical 
disintegration and chemical changes primanly in the protein constituents 
The food thus treated is in a better condition to be handled by the intes- 
tines, to which it is passed on m small portions at a time, and in which 
digestion is completed 

Spallanzani (1783) found that gastric juice dissolved meat, and so 
demonstrated the chemical nature of gastnc digestion He noted also that 
the juice was acid, but the nature of this acid and of the active agent 
pepsin was not demonstrated until later 
A great advance in our knowledge of gastric digestion, particularly m 
man, was made through the observations of Beaumont on his patient 
Alexis St Martin who in 1822, following a gunshot wound was left with 
an opening from the stomach through the abdominal wall to the exterior 
Through this fistula Beaumont found it possible to follow the course of 
gastric digestion with different foods and under varying conditions of 
health, and to obtain pure gastric juice for digestion experiments outside 
the body 

Pavlov extended our knowledge particularly 7 through the development 
of an operation by means of which he created m dogs a small stomach 
pouch separate from the mam stomach and opening to the exterior, so 
that the secretion in the small pouch could be studied without interfering 
with processes in the stomach proper In this way the influence of different 
foods and of other factors on gastric secretion could be studied The dev el- 
opment of the small stomach tube which could be retained in place 
throughout the period of gastnc digestion and allowed aspiration of the 
stomach contents at any time, has given additional information of 
phy siological and clinical v alue 

Secretion of Gastric Juice There is a slight continuous secretion of 
gastric juice into the empty stomach As a result there is almost always 
present m the stomach before meals about 50 ml of secretion which is 
called the residuum Gastric secretion is governed by many factors At 
least three phases are recognized 

(1) Psychic Piiv.se Following the presentation of food and before anv 
food reaches the stomach, there is a psy chic secretion of gastnc juice Tins 
is induced by the sight, taste, smell or thought of food Ivy has called this 
the “cephalic phase ” 

(2) Gvstric Phvsf Following tins, with the passage of food into the 
stomach, there occurs the gastnc phase of gastnc secretion due to the 

350 
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local chemical action of inch substance., as protein digestion products or 
meat e'tortnes and some mchanical action due to friction and 
tendon of the stomach b 5 food A substance, ^ nn, has hewwMrf 

from gastnc mucosa (Edk, ns) WTien injected into the blood 
cdlj stimulates gastric secretion It is belies cd to be a hormone g 
secretion, le, a substance liberated from the gastnc mucosam 
presence of food and passing by naj of the blood to the acid 
cells, stimulating them to action Ilulamine the decarboxylation P r “ 
of the amino acid histidine is also a powerful stimulant of gastric 
tion m addition to its well known effect on blood pressure (capinao 
dilatation) The question whether or not gastnn is identical with rosy 
mine was unanswered for some jears The} are now believed 
separate substances which possess similar action 1 The chemical struc 
of histamine is shown on p 1037 The structure of gastnn is not known 
Clinical u«e is made of the secretagogue effect of histamine, alcohol, a 
caffeine , 

(3) Ivtfstin Phase A third intestinal phase of gastnc secretion 
brought about through the action of protein digestion products and ot e 
food substances in the intestines Whether these substances act b} libera 
ing a hormone from the mucosa, or arc absorbed and themseh es act upo 
the gastnc cells is not jet clear Undigested fat m the intestine inhibi 
gastnc secretion, apparentl} bj liberating from the mucosa a hormon 
called enterogastrone which depresses the action of the gastnc cells Tn> 
chalone also inhibits gastnc movements and was for a time considered 
useful in the treatment of gastnc ulcer However evidence of it 1 * jn , 
effectiveness has accumulated For example W ollura and Pollard* foun 
no significant alteration m the secretorj or motor patterns from its use 
and Bone* has reported that it has little or no value Clinical research has 
indicated that the chemical substances called Banthine Pro-banthine add 
Pranlal are useful in the treatment of ulcer (see p 383) Urogastrone a 
substance similar in action to enterogastrone and found m the unne I s 
apparently a metabolic denvative of enterogastrone , 

Vi ater has a stimulating action on gastnc secretion and the dnnking of 
considerable water has been shown to improi e the utilization of v arious 
foods ?sor has the dnnking of water with meals bj normal individuals 
been shown to be undesirable 4 The influence of different foods on gastnc 
secretion is discussed later 

The stud} of gastnc secretion and the gastnc mucosa in nutntion3i 
deficiencies has received some attention Thus in canine blacktongue (the 
closest animal counterpart to human pellagra) a mild pallor of the 
gastnc mueo«a was observed consistentlj upon gastroscopic examination 
Ibis was accompanied bj anemia loss of weight and decreased muscular 
tone of the stomach wall The tonus of the stomach returned to normal as 
earlj as six to seven dajs after the institution of therapj There was no 

< and K5n * P"itralim Proc fc 107(1917) 

W ollura arid Polled GtutromUrclom 17 535 (1951) 

* Bone rt a! Gajdrnewit+rrJ**.. n rsr.-< 


V. ri 


l ft*. , , v 17 535 (1951) 

Uont>'l al G<utrotntcr4om »7 3o (19ol 

D im Barker Hoakitw and Mowothal 1 

U Appleton A Co 10*M Table 3 p 2~5 

Bayne and Carey CtutrocnUrdlogy Z, 133 (1911) 
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change in acid gastric secretion during the disease or following niacin 
therapy The therapeutic effect of thiamine was also negative Shapiro 
and his co*\\ orhers 6 found atrophic gastntis to be somew hat more common 
in nutritional deficiencies, than m a control group of ten other patients 
However, no significant changes in the gastric mucosa were observed 
after treatment with large doses of thiamine, macm, nbofla\in, panto- 
theme acid, p-aminobenzoic acid, and vitamin A In two cases the 
atrophic changes disappeared after choline chloride therapy 

Composition of Gastric Juice. Normal gastnc juice is a thin, 
light-colored fluid which is acid in reaction and has a specific gravity 
a\ eraging about 1 007 It contains about 0 5 per cent of solid matter 
which is made up principal!} of sodium chlonde, potassium chlonde, 
earth} phosphates, mucin, and the enzymes pepsin and gastric lipase 
The acidity of the gastnc juice is due to free hydrochloric acid The gastnc 
juice is a composite secretion from at least three different tj pes of cells 
in the gastnc mucosa, these are (1) the parietal cells, (2) the chief cells, 
and (3) the mucous cells There is good evidence that the parietal cells 
furnish the hjdrochlonc acid of gastric juice, the chief cells supply 
pepsin and possibly other enzyanes, and the mucous cells secrete mucin 
Babkin 7 claims that the secretory activity of the v anous t\ pes of gland 
cells should not be considered en masse but rather that “various nerves 
or chemical agents stimulate or inhibit each set of secretory ele- 
ments separately ” This Mew is also accepted by others 8 

Apoerythetn, a protein fraction, also occurs in gastnc juice * It has 
been suggested that this substance may be identical with the tnlnnsic 
factor of Castle , which protects vitamin B, s (the extrinsic factor) from 
digestive destruction Pernicious anemia is characterized by a defi- 
ciency of the mtnnsic factor \itamm Bj» is relatively ineffective when 
given orally to such patients, but is highly effective when administered 
parenterally 

It is believed that the parietal cell secretion is essentially an isotonic 
solution consisting largely of hydrochlonc acid (about 1G0 milhequn a- 
lents per liter) and potassium chloride (about 7 milhequn alents per 
liter) The acidity' of the parietal-cell secretion corresponds therefore to a 
solution 0 16 N in hy drochloric acid, or containing 0 5 to 0 6 per cent 
hvdrochlonc acid This maximal acidity, which is apparently constant 
and independent of the rate of secretion, is lowered somewhat as soon 
as the panetal-cell secretion becomes admixed with the slightlv alkaline 
secretions from the chief cells and mucous cells These latter secretions 
contain a high concentration of neutral chlorides as a result of which the 
acidity is reduced to a greater extent than is total chlonde content The 
acidity may also be lowered by regurgitation of alkaline fluid from the 
intestine and by ingested food, so that the actual acidity of gastric juice 
as collected usually vanes between 0 05 and 01 N (0 IS to 036 per cent 
hydrochlonc acid) The acidity of the gastnc juice is usually expressed in 
terms of the number of milliliters of 0 1 N sodium hy droxide required to 


* Shapiro el -ah. ibid 2 121 (1944) 

1 Babkin 4m J Distil Dutases 5 10“ (1937) 8 46" (193S) 

* Thomas J Am \[«d Also c 120 “35 (1942) 

* Ternbcrg and Ealun J 4 m Chtm Soc 71 3SSS (1949) 
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neutralize 100 ml. of gastric juice; this is obviouriy equivalent to the 
number of milliliters of 0.1 X hydrochloric arid present m 100 ml. « 
gastric juice, which corresponds numerically with the concentration o 
and expresf-ed in term" of mil lief juivalcnts per liter. In clinical practice 
this value is sometimes failed the degree of aridity; thus a gastric juice 
containing GO milhequivalents of acid per liter, or requiring GO ml. of u I 
X alkali to neutralize 100 ml., is paid to have an aridity of GO degrees 
The hydrochloric acid of the gastric juife forms a medium in which the 
pep=m can mo*t fcati-factorily digest the protein food, and at the same 
time it acts to pome extent as an antiseptic or germicide which prevent? 
putrcfacti\e process in the stomach When the hydrochloric acid of the 
gastric juice is diminished in quantity (hypoacidity) or absent, as i 
may lie in many cases of functional or organic disease, there is no chec 
to the growth of microorgam a ms in the stomach. There arc, however, ccr* 
tain of the more resi c tant spores which c\ cn the normal acidity of the 
gastric juice will not destroy. A condition of hypoacidity may al-o pre 
ri«e to fermentation with the formation of comparatively large amounts 
of such substances as lactic acid and butyric acid 

When free hydrochloric acid comes in contact with protein, as in the 
food, a reaction occurs with the formation of protein hydrochloride 
Tins was formerly called “combined hydrochloric acid,” but this term & 
bo indefinite in its connotation that it should be abandoned (sec p 3S0). 
The formation of protein hydrochloride considerably raises the pH of 
gastric contents, tnnee protein hydrochloride is a much less highly ionized 
acid than is hydrochloric acid itself. The reduction in hydrogen-ion con- 
centration resulting from the formation of protein hydrochloride may 
permit processes which are acid-sensitive to proceed during gastric diges- 
tion, such as bacterial action or the action of salivary' amylase (see 
p. 353) 

Origin of Gastric Acid. The mechanism whereby' the stomach pt' 0 ' 
duces a secretion which is about three million times more acid than tbe 
blood is not known Many attempts have been made to solve this prob- 
lem, and various theories have been proposed, none of which has received 
universal acceptance 


The currently fa\ored view for the formation of acid by* the parietal 
cells is based upon the discovery by Da\ enport 10 that the enzvme car- 
tame anhydrasc (sec Chapter 21) „ p rK c„t ln , amoun ts m the 
parietal cells, and is relatively absent from the other cells of the gastric 
mucosa This enzyme also occur, red Mood cells It has been crystal- 
lized and found to contain 0 1 per cent zinc ■■ Potent inhibitors of car- 
bonic anhy druse (like certain sulfa drugs) also depress hydrochloric acid 
S' 1 ”” " Carbonic anhydrai catalyzes the hydra- 

llld,*? dl ° Xld0 f°i Carbon,c arlU ' "hi* dissociates m solution to 
y leld hy dro B en ions and bicarbonate ions 


COi + II/) an HsflO, an II. +m:(y - 

0/vl . J, 390 (1943) 

Pret, Ine . lOil ^ and 31 ,iKod * of Enzyme* 3rd ed- New York, A cadecM' 
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If this reaction is pictured as occurring within the parietal cell, the carbon 
dioxide coming from metabolic processes, the hydrogen ions may be 
visualized as being secreted, along with an cqtm alent number of chloride 
ions, into the stomach while the bicarbonate ions enter the blood 

Here bicarbonate ion replaces chloride ion, which diffuses into the 
parietal cell and is a\ailable for excretion along with hydrogen ions mto 
the gastric juice Thus according to this theory the hydrogen ions of the 
gastric juice come from carbonic acid, and the chloride ions are demed 
from the blood The replacement of blood chloride by bicarbonate should 
raise the pH of the blood, and in fact it has been shown that blood leaving 
the stomach during activ e gastnc secretion is significantly more alkaline 
than the entenng blood thus accounting for the “alkaline tide” (see p 
784) 

It is an interesting consequence of this theory that the extra bicar- 
bonate of gastric venous plasma as compared to gastric arterial plasma is 
the result of the direct entrance of bicarbonate as such mto the plasma 
and not the result of the entrance of anhydrous carbon dioxide mto 
the blood followed by its hydration to carbomc acid in the red cell and 
diffusion from the red cell into the plasma, processes which are known to 
account for the extra bicarbonate of venous plasma over arterial plasma 
in other parts of the body Now in ordinary \ enous plasma the increase 
in plasma bicarbonate due to diffusion of bicarbonate from the red cell 
into the plasma is associated with a chloride shift (see Chapter 24), 
chloride ions leaving the plasma and entering the red cell In gastric 
v enous plasma the increased plasma bicarbonate bnngs about a rev ersed 
chloride shift by diffusion mto the red cell at the expense of chloride ions 
which diffuse out mto the plasma This has been cited as further evidence 
concerning the role of carbomc anhydrase in the formation of gastnc 
acid It should be remembered, however, that though this theory accounts 
for the production of acid by the panetal cell, no direct ev idence concern- 
ing the actual mechanisms of formation and secretion is as j et av adable, 
and other theories 1 * are not as j et untenable 
Pepsin. The most characteristic of the enzymes of the gastnc juice is 
the proteolytic enzyme pepsin Pepsin is a representative of a large 
group of enzymes, many of which are found in the gastrointestinal tract 
and all of which catalyze the hydrolytic splitting of the peptide bond, 
— CO — KH — to produce a free amino and a free carboxyl group W ithin 
this group of peptide-sphttmg enzymes, two general ty pes may be distin- 
guished (Bergmann) (1) the proteinoses or endopeptidases, and (2) the 
peptidases or exopeptida^es The endopeptidases act upon peptide link- 
ages in both the central portion and the terminal portion of a polypeptide 
chain, the exopeptidases split peptide linkages in the terminal portion 
of the chain only Differences between the various endo- and cxopepti- 
da«*es of the gastrointestinal tract are attributed largely to differences in 
the tv po and location of the ammo acids united in the peptide bond, as 
will be evident m this and subsequent chapters According to this classi- 
fication, pepsin is an endopeptidasc, since it can act upon peptide linkages 


Pcc Hollander Gnttrornlrrologj 1 401 (10 IV) Ft lernhon Proe II “Of (1952) 
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,uthm the Urge protom or polypept.de molecule us ucll us upon synthct.c 

P tcpsm» app-entlj formed by the net, on of the l.y droger non. * the 
uastnc luice on a precursor or zymogen, called pepsinogen, o g 
the chief cells of the gustnc mucosa Both pepsin j ! „ 

proteins and have been prepared in crystallme form, P 

appears, houeccr, to be u murturc of enz 5 mes rather than » 8,n|U ^ 
stance Pepsinogen is more resistant to alkali than is pepsin 
dot milk at pH 5 nor lu.uefy gelatm at pH 4 7 but pepsin s adi « 
under these conditions The format, on of peps, n at pH 4 C «PP«" 
an autocatalytic reaction, i c , the pepsin as it >9 formed acts upo f t ' 
pepsinogen to yield still more pepsin Since pepsin » knonn to act ° £ 
peptide linkages ruth a specific amino acid configuration (see ' ^ 

it would appear that the activation of pepsinogen may in\ ohe the 
ing of such linkages The isoelectric point of pepsin is at such a P 
that it has not been accurately established . 

Pepsin contains phosphorus It is denatured and coagulated by 
with the loss of peptic activity running parallel with the degree o 
naturation It is also inactivated and denatured m alkaline solu 
(pH 10) In such cases there is some return of activity on ac,ai 
tion and standing, thus there has been a reversal of the dcnaturai 
of the pepsin protein Pepsin is digested by trypsm in solutions m 
alkaline than pH 5 5 In more acid solutions trypsm is digested J 
pepsin It has been shown that when pepsin is mixed with egg aU)Ur Vi 
m the pH range 3 1 to 4 2 a precipitate is formed which is not denatu 
protein “ , 

Pepsin acts very well at 40° C The optimum pH is about 2 0, but t 
has been shown to be more related to the ionization of the substra 
protein than to any effect on the enzyme itself A variety of mineral an 
organic acids may be used to attain this pH with practically ldcntica 
effects on the enzyme activity At pH 4 its activity is very slight an< f . a 
pH 5 it is stable but inactive At pH values of G 0 or greater it is unstab c, 
and above pH 8 it is rapidly destroyed by OH ions 

Products of Peptic Hydrolysis. The gastric acid acting on food p 10 ” 
terns at body temperature produces denatured proteins (“acid metapro* 
tem”) Pepsin acts upon such denatured protein as well as upon native 
protein with the formation largely of protein denvatives of relatively lo^ 
molecular weight (not over 1,000, according to Tiselius and Enksson- 
Quensel 1 ') , such split products belong to the ill-defined class of the pro- 
teoses and peptones In the normal time of gastnc digestion, substances 
of this nature appear to be the chief end products of peptic action Free 
tyrosine is also a frequent product of peptic digestion The nature of the 
action of pepsin has been considerably clarified by the work of Bcrgmano, 
Fruton, and associates They have studied the action of crystalline peps 1 ” 

14 For discussion of crystallme pepsin see pp 30a and 330 For preparation of cryst a JJ^* 
W*' 21*501*0938™°** lmd Northrop Scunee 83 469 (1936) and Hernott J Gen 

“ V osnofT and Bull J Bwl Ckem 200 019 <1953) 

“ Buxhem J 33, 1752 (1939) 
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on synthetic substrate peptides of known chemical constitution. All syn- 
thetic substrates which were hydrolyzable by pepsin contained either 
tyrosine or phenylalanine in the molecule, with the peptide linkage specif- 
ically involving the amino group of these amino acids. If the tyrosine or 
phenylalanine was at the end of the peptide chain, hydrolysis proceeded 
more rapidly and the free amino acid was liberated, but peptic action 
was not limited to the presence of the amino acid at the end of a chain. 
Thus one may conclude that pepsin acts on peptide linkages associated 
with the presence of tyrosine or phenylalanine (although the possibility 
of other amino acids being concerned in peptic action is not necessarily' 
excluded); the end product of the action will depend upon the relative 
position of these amino acids in the long chain of amino acid residues in 
the protein substrate. Pepsin acts upon practically' all native proteins 
with the exception of keratin and the protamines; its lack of action in 
the case of keratins is believed to be due to the close packing of the poly r - 
peptide chains in the keratin molecule; in the case of protamines, to 
their deficiency in tyrosine and phenylalanine. 

In testing peptic activity at pH from I to 2.85 Cunie and Bull 17 report 
that pepsin acts as a proteinase at the lower .pH and splits fewer peptide 
linkages per mole of substrate thus yielding fragments of relatively' high 
molecular weight. On the other hand, at a higher pH it acts as a peptidase 
and yields fragments of smaller molecular weight. As to the influence of 
temperature it was found that at 30° C. or below the digestion products 
possessed relatively low molecular weights whereas at temperatures 
between 35° C. and 50° C. the products of hydrolysis were of high molecu- 
lar weight. The conclusion can therefore be drawn from these experiments 
that pepsin acts very efficiently at pH 2.85 and at about. 30° O. 

Rennin. Rennin is what is known as a milk-curdling or protein-coag- 
ulating enzyme. It is a proteinase which, acting upon the casein of milk, 
is believed to form first a soluble paracasein and a peptone-like body. In 
the presence of ionized calcium salts there is then formed an insoluble 
calcium paracaseinate which separates out as a curd. Rennin is commonly' 
obtained from the mucosa of the fourth stomach of the calf and is used 
to curdle milk in cheese-making. 

The matter was the subject of a long controversy', but it appears now 
to be clear that the enzy'me, rennin, is an entity' quite distinct from pepsin. 
It has very high milk-curdling power but practically no protein-digesting 
activity. In certain animals the curdling of milk is caused by pepsin. Pep- 
sin can coagulate milk in practically neutral solution as contrasted with 
the high acidity' required for its action on proteins in general. 

Rennin acts best at a pH of 0.0 to 6.5 and at a temperature ci about 
45° C. Tauber and Kleiner have obtained a preparation curdling 4,550,000 
times its weight of milk at pH 6.2 in 10 minutes at 40° C. The preparation 
has an isoelectric point of 5.4. It is apparently a diffusible proteose con- 
taining sulfur and is not coagulated by* heat. It does not give the Miiion 
and Hopkins-Colc tests. Rennin appears to exist in the calf’s mucosa as 
prorennin, which is activated by the gastric acidity'. 


Currie and Bull: J. Biol. Chem., m. 20 (1051). 
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to the evacuation time and the highest total acidity after the ingestion 
of certain common foods by normal men In the tests here summarized 
100 g portions of food (unless otherwise stated) were fed to normal !men 
and the gastric rtponsc determined b> the fra< tional method (*“06 p 38<>) 
It will be noted in general that foods such as meats which arc high in 



Fig 90 Evacuation Timfs of Common Foods 

n»wk PehfuM *nd Bergnm An J 3 l,d Set. 171 359 (1928) 
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is shown graphically in Fig. 90, whereas the variation in the evacuation 
time of the same food by fast and slow stomachs is shown in Fig 91. 


COLLECTION OF HUMAN GASTRIC JUICE 


Have one or more volunteers from the class take the Rehfuss stomach tube 
as directed on p. 384. The subjects must omit breakfast if the tube is taken in 
the morning, or luncheon if taken in the afternoon. Emptj the stomach (see 


pp. 384 385) and, with the tube still in 
place, allow each subject to drink 250 
ml. of water. The water will stimulate 
the flow of gastric juice and will Itself 
quickly leave the stomach. In many 
Instances fairly concentrated gastric 
juice may be obtained from the stomach 
In from 30 to 45 minutes after the intro- 
duction of the water. Remove this 
gastric juice according to procedure 
outlined on p. 386. For the composi- 
tion of human gastric juice see p. 377. 
See also Exp. 9, p. 373. If thought de- 
sirable, the gastric juice resulting from 
psychical stimulation (see p. 373) or 
following histamine injection (see p. 
385) may be collected instead of that 
following the chemical stimulation of 
water. (Curves showing the stimulatory 
power of water are given in Fig. 92.) 

PREPARATION OF ARTIFICIAL 
GASTRIC JUICE 
1. From Pig’s Stomach. Dissect the 
mucous membrane of a pig's stomach 
from the muscular portion and discard 
the latter. Divide the mucous raem- 


Acldity 

C.C.'H.NaOH 



Fra 92 Corves Showing Stiaio- 
eatory Power of Water 
Bergeim ftfhfnss and Hawk J Biol 
Chtm 19, 345 (1914) 


brane Into two parts (four-fifths and one-fifth). Cut up the larger portion, 
place it in a large-sized beaker with at least 4 volumes of 0.4 per cent hydro- 
chloric acid, and keep at 38° to 40® C. for at least 24 hours. Add more HC1 as 
needed to keep the mixture acid to Congo red paper; otherwise putrefaction 
may occur. Filter off the residue, consisting of nuclein and other substances, 
and use the filtrate as an artificial gastric juice. This filtrate contains pepsin 
and the products of the digestion of the stomach tissues; i.e., denatured 
protein, proteoses, and peptones. 


2. From Commercial Peprin. Dissolve 750 mg. of U.S.P. pepsin In 100 ml. of 
0.1 N hydrochloric acid, 

PREPARATION OF A GLYCEROL EXTRACT 
OF PIG’S STOMACH 

Take the one-fifth portion of the mucous membrane of the pig’s stomach 
not used In the preparation of the artificial gastric juice, cut it up finely, place 
It In a small-sized beaker, and coter the membrane with gljcerol. Stir fre- 
quent! ) and allow to stand at room temperature for at least 24 hours. The 
gljcerol will extract the pepsinogen. With a pipe* or bj’ other means, sepa- 
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The Act, on of Gastnc Jmce on Milk A companion heU^hc 
large tough curd, formed m the stomach from con s null and the m _ 
soft curds formed from human milk is shown in Figures 8G to 

Gastnc Lipase A third enzj me present in gastric juice is a 1 P 
ting en/% me It possesses but slight activitj when the gastnc juice 



Fig 8G Curd or Human Milk Five Fig 87 Curd of Human '* u ’* f '*'*£ 

\llNUTE3 AFTER INGESTION OF MlLK. MlNUTES AFTER INGESTION OF '1 

Beginning of curd formation One- Maximum cur 1 formation On®" 

half actual bus half actual sue 



Fi j 88 Clrd of Cow a Mu k Recur 
< itated 10 Minutes after Isors- 
Tios or 500 Mu or \\ hole Milk 
O ne-lialf actual size 


Fia 89 Curd of Cow s Milk Regur- 
gitated 2o Minutes after InCES- 
tion of 500 Mu of Bhole Mil* 
One half actual *ue 


normal aciditj, but evinces its aelion principals at such times as » 
gastnc juice ofloiv ac.dttj n secreted either from phssiologtcal or patho- 
logical cause It thus maj be of importance m the >oung animal where 
gastric aculitj u con<*iderablj lower than in tie adult The digestion of 
fat in the stomach is however at most of but Might importance os com 
paml wi th the digestion of fat m the intestine through the action of the 
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lipase of the pancreatic juice (see p 397) The presence of lipase in the 
gastric lumen, like that of trypsin, is probably due to regurgitation of 
intestinal contents through the pylorus 

NORMAL GASTRIC RESPONSE TO COMMON FOODS 
On the basis of extensive studies made in the senior author’s labora 
toiy 19 the following table was constructed which contains data relative 
Evacuation Times and Highest Total Acidities for Various Articles of Diet 


Articles of Diet 
{100~g portions unless 
otherwise stated) 

Y umber of 
Obseria \ 
lions 

Highest Total 
Acidity (aierage) 

( ml 0 1 N alkali to 
neutralize iOO ml 
juice) 

Evacuation 

Tunc 

{hours and 
minutes, 
aierage ) 

Beef and beef products 

25 

120 

3 00 

Bread and cereals 

75 

SO 

2 40 

Cakes 

29 

90 

3 00 

Chicken* 

20 

125 

3 15 

Egg and egg combinations 

DO 

SO 

2 40 

Fish* 


130 

2 50 

Fruits* 

GS 

90 

2 00 

Gelatin* (fruit juice preparations) 

5 

70 

2 00 

Guinea hen* 

2 

no 

4 00 

Ice cream* 

7 

105 

3 15 

Ices* 

4 1 

65 

2 35 

Junket 

4 

65 

2 25 

Lamb and lamb products 

14 

135 

3 00 

Licorice 

1 

65 

3 00 

Milk * 




Coir 




400 ml 

50 

100 

2 30 

75 ml 



1 15 

ITuman 




150 ml 


60 

1 10 

225 ml 


00 

2 

Nuts* (25 to 50 g ) 


100 

3 30 

Orange-albumin (2 1) 

2 

So 

2 20 

Ties 


90 

2 30 

Popcorn 



1 30 

Pork and pork products 


120 

3 15 

Puddings 


00 

2 20 

Sugars anil candies 



2 05 

Turkey * 


140 

3 30 

N cal * 




(a) Market 

- 

no 

2 50 

(ft) “Bob 

7 

110 

3 20 

A egi tables prepind in different wavs 

121 

75 

2 15 


• Unj ul It 1 pj iHt i 
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rate the glycerol from the pieces of mucous membrane and use the glycerol 
extract as required in the later experiments. 

PRODUCTS OF GASTRIC DIGESTION 

Into the artificial gastric juice, prepared as above described, place the pro 
tein material (fibrin, coagulated egg white, or lean beef) provided for you 
the instructor, add 0.4 per cent hydrochloric acid as suggested by the lustrti • 
tor, and keep the digestion mixture at 40“ C. for two to three days. St r r 
quently and keep free hydrochloric acid present in the solution as indicat 
by a blue color with Congo red paper. . 

The original protein has been digested and the solution now contains 
products of peptic proteolysis; i.e., denatured protein, proteoses, peptones, 
etc. The insoluble residue may include nuclein and other substances. Fi ter 
the digestion mixture, and after testing for free hydrochloric acid neutra ize 
the filtrate with sodium hy droxide solution. If any of the denatured prote n * 
still untransformed Into proteoses, it will precipitate upon neutralization. 
If any precipitate forms, heat the mixture to boiling and filter. If no precipi 
tate forms, proceed without filtering. ^ 

We now have a solution containing a mixture consisting principally o 
proteoses and peptones. Separate and identify the proteoses and peptone* 
according to the directions given on p. 197. 

GENERAL EXPERIMENTS ON GASTRIC DIGESTION 

1. Condition s Essential for the Action of Pepsin. Prepare four test tubes a* 
follows: 

(a) Five ml. of pepsin solution. 

(b) Five ml. of 0.4 per cent hydrochloric add. 

(c) Five ml. of pepsin hydrochloric add solution. 10 

(d) Two or 3 ml. of pepsin solution and 2 to 3 ml. of 0.5 per cent sodium car- 
bonate solution. 

Into each tube introduce a small piece of fibrin and place tubes in the incu- 
bator or water bath at 40* C. for one-half hour, carefully noting any change* 
which occur. 11 (Carmine-fibrin* 1 may be used to advantage in this and the 
following tests under Gastric Digestion. In this case, however, the experi- 
ments should be conducted at room temperature.) Now combine the con- 
tents of tubes (a) and (b) and see If any further change occurs after standing 
at 40° C. for 15 to 20 minutes. Explain the results obtained from these five 
experiments. 


2. Influence of Different Temperatures. In each of five test tubes place 5 ml- 
of pepsin-hydrochloric acid solution. Immerse one tube in ice water, keep 
a second tube at room temperature, place a third In the incubator or water 
bath at 30 C., and keep the fourth at 50’ C. Boil the contents of the fifth tube 
tor a few moments; then cool and also keep It at 30’ C. Into each tube intro- 


« ** n . t £ >mm * rc “ 1 I*P* ln »nO 4 per teat IIO may be used, 

of a droehlone aad sol tit. on is indicated first by a 

fit™ by a denitration and solution of the 

T p T un h > df °ehlonc acid. If uncertam at anj time whether 
*!** und " examination may be filtered and the \*» rel 

A T ~ rX ™ -'Krufy the pre-cnee of proteoses fab**' 

rCuxim WWh r° u!J ‘bat d,*e,t.on has taken 

U tn ° re than lh « even by the pepem-bj drochloric »« 1 

" hee Appendix. 
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duce a small piece of fibrin and note the progress of digestion. In which of the 
tubes does the most rapid digestion occur? Explain this. 

3. The Most Favorable Acidity. Prepare three tubes as follows: 

(a) 3 ml. of pepsin solution + 3 ml. of 0.4 per cent HCI. (Acidity about 0.2 
per cent HCI or pH 1.3.) 

(b) 3 ml. of pepsin solution + 1 ml. of 0.4 per cent HCI + 2 ml. of water. 
(Acidity about 0.067 per cent HCI or pH 1.8.) 

(c) 3 ml. of pepsin solution + 4 drops or 0.2 ml. of 0.4'per cent HCI -f- 3 ml. 
of water. (Acidity about 0.013 per cent HCI or pH 2.5.) 

Introduce a small piece of fibrin into each tube, keep them at 40° C., and 
note the progress of digestion. In which acidity does pepsin act best on fibrin? 
The acid decreases during digestion due to its combination with protein, so 
that as a determination of optimum pH this procedure is not exact. The opti- 
mum for pepsin is about pH 1.8 under the conditions of this experiment. 

4. Differentiation Between Pepsin and Pepsinogen. Prepare five tubes as 
follows: 

(o) Few drops of glycerol extract of pepsinogen + 2 to 3 ml. of water. 

( b ) Few drops of gljcerol extract of pepsinogen + 5 ml. of 0.2 per cent 
hydrochloric acid. 

(c) Few drops of gljcerol extract of pepsinogen + 5 ml. of 0.5 per cent 
sodium carbonate. 

(d) Two or 3 ml. of pepsin solution + 2 to 3 ml. of I per cent sodium car- 
bonate. 

(e) Few drops of glycerol extract of pepsinogen + 5 ml. of 1 per cent sodium 
carbonate. 

Add a small piece of fibrin to the contents of each tube, keep the five tubes 
at 40° C. for one-half hour, and observe any changes which may have oc- 
curred. To (a) add an equal volume of 0.4 per cent hydrochloric acid, neutral- 
ize (c), (d), and (e) with hydrochloric acid, and add an equal volume of 0.4 
per cent hydrochloric acid. Place these tubes at 40° C. again and note any 
further changes which may occur. What contrast do you find in the results 
from the last three tubes? On the basis of these tests, what is the relative 
resistance of pepsin and pepsinogen to alkalies? 

5. Comparative Digestive Power of Pepsin with Different Acids. Prepare a 
series of six test tubes each containing 5 ml. of a solution of one of the follow- 
ing acids** each solution having the same acidity of pH 2: (1) HCI, (2) IIjSO,, 
(3) HjPO«, (4) oxalic acid, (5) lactic acid, (6) acetic acid. Add 2 ml. of 0.5 per 
cent pepsin solution or 1 ml. of the gljcerol extract of the hog’s stomach and 
a small piece of fibrin. Putin a water bath and keep at 40° C. Note the progress 
of digestion. Can j r ou confirm the findings of other observers* 4 that It Is the 
hj'drogen-ion concentration (pH), rather than the nature of the acid present, 
which Is the controlling factor in the inBuence of acids on peptic digestion? 
Titrate 10 ml. of each of these acids (lactic and acetic acids only I ml.) 


** HCI 0 037 per cent, IIjSO» 0 059 per cent, IIiPOi O 2 per cent, oxalic acid crjstals 0 15 
per cent, lactic acid 7.2 per cent, and acetic acid 18 per cent. The«e solutions ore best 
chocked for pi! by adding a few drops of ihj mol blue solution to 5 nil of each in test tubes 
and if neeessarj adding more acid to got the same color as obtained with the oxalic acid, 
wlnchcan be weighed out accurately. 

** Northrop (J . Gen. Physiol., I, 007 (1919); 5, 203 (1922)) finds, however, that acetic acid 
is shghtlj less effect n e than the others apparcntlj because of some action of the acetic acid 
not on the onx> me but on the protein. 
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with 0.1 N NaOH, using phenolphthalein as an indicator. CaIcu,a J* ** '* 
normality of each. Six students may conveniently work together on tm P 
of the experiment, each student then assembling the entire data. . 

this experiment teach as to the relationship of hydrogen-ion concentr 
to tltratable acidity and as to the biological significance of each? 

6. Quantitative Determination of Peptic Activity. See Chapter 15, Gastrl 
Anal>sis. 



7. Quantitative Determination of Ren n in. Prepare a standard milk of P» 
5 0 by m| xlnft equal volumes of fresh milk and M acetate buffer of pH 5 0. 
Introduce lO-mJ portion. of this milk Into a series of test tubes and U«P 
I J .Z !, p<> « ,on * dilutions of a rennln solution.* 1 Mi* 

hufL^'iuV ? 0,t,n *- The •»««■«* of rennln that clots 1 ml. of the 
l ml,k 1(1 10 minute, at 20- c I. called on. uni, of 

G °" ,u Take tome of the human 

l, " ' .V“ ,! co "' c '" 1 »• described on p 369 and .how that It I. acid In rcac- 

m. t«l« a d C .° n " a*. * nd ,h a' " ha, the power to dla.it fuutel" 

msiertai *nd to curdle milk. 


Any foort commwrUl 


rennet m.y U in preparln* this solotlon. 



Pig 94 Curves Showing Pstciiical Stuiu 
latios or Gastric Secretion 


bouillon prepared by dissolving one bouillon cube in hot water Collect 
samples of gastric contents at Intervals until the stomach Is empty as de- 
scribed under Section 5 on p 386 The samples thus collected may be ei- 
amined qualitative!; for acid, chlorides pepsin, and rennin, or they may be 
submitted to the quantitative procedure given on p 386 If the examination 
is made quantitative the data may be recorded In the form of a curve such as 
shown In Fig 93 

For the psychlcnl stimulation, empty the stomach as above Then Instead 
of having the subjects drink bouillon, slmplj permit them to sec and smell 
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an appetizing beef.teah while It Is being cooked. Collect sample, of gastnc 
contents as above, plot a curve and compare with Fig. 94. 
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Gastric Analysis 


The method of gastric analysis which was in vogue clinically for years 
entailed the feeding of a standard test meal, the removal of the complete 
stomach contents at the end of a one-hour period, and the analysis of 
the material so removed. That this method is inaccurate has been re- 
peatedly demonstrated in the senior author’s laboratory and elsewhere 
Furthermore, owing to the bulk of the old form of stomach tube and the 
discomfort occasioned by its use, it is impossible to follow the whole 
cycle of digestion and estimate, step by step, the exact changes which take 
place in the stomach after the introduction of definite food mixtures into 
that organ. 

Realizing the inadequacy of the procedure entailed in the old method 
of gastric analysis, an improved procedure was developed by Dr. Martin 
E. Rehfuss in the senior author’s laboratory This so-called Fractional 
Method entails the analysis of samples of material withdrawn from the 
stomach (by syringe) at short intervals for a period of two hours or more 
(until the stomach is empty) after the ingestion of the test meal By this 
means the observer is able to follow the entire cycle of gastric digestion 
and is not limited, as in the old method, to information derived from the 
analysis of a single sample of stomach contents withdrawn at the end of 
one hour. That the acid values obtained by the old method may be 
grossly misinterpreted and lead to an incorrect diagnosis is indicated by 
the diagram shown in Fig 95. 

It is set forth in Fig. 95 that various types of abnormal gastric secre- 
tion would be considered normal on the basis of a single examination at 
the end of one hour, whereas the application of the fractional method re- 
veals an abnormality of the secretion. The removal of samples of gastric 
contents at short intervals, for a period of two hours or more after a test 
meal, is made possible by the use of a modified stomach tube 1 of small 
diameter (No. 12 French tubing) and fitted with a metal tip. The tip is 
slotted with large perforations, the diameter of each being equivalent to 
tlio maximum bore of the tubing Such a tube can bo left in the stomach 
through the entire cycle of gastric digestion without inconvenience to the 
patient. The Rehfuss stomach tube is shown in Fig. 9G. 1 Lyon suggested 
a motlified tip 

A tube much favored in England is that devised by Ryle. 1 This consists 

* Itehfuss Am. J. Med. Set , 147, S4S (1014). 

* Tin-* tuVxs Is manufactured by Charles Lent* and Sons, Philadelphia. 

* Rjle. Gastric Function tn If ealth and Di*ea»e, London, Oxford Unn ersitj Press, 1020. 
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of a small bore rubber tube "with a blind end, into which is inserted an 
oval weight of lead Holes are punched m the rubber tube just above the 
weight , 

Other tubes or plastic catheters have been employed in gastric analysis 
Certain of these (Levin) may be passed through the nose Such tubes are 



Pio 95 Normal and Pathological Curves after an Ewald 
Meal 

(1) Normal curve (2) delayed digestion with late hyper 
acidity (3) larval hyperacidity, (4) tardive hyperaeidit} and 
(5) marked continued Becretion from obstruction 



Fio 96 Reiifuss Stomach Tur e 


^ton C ac.dm d Ik» d rf m0n8 ^ ataB the ob3ence or Presence of free hjdro- 
emone acid in the stomach contents 

be?n“ U cc^!j! f I,fo 0rn ) ,n ' n i ! n EaslrIC acldlty ’Mubatum has also 

^ S . c & “ nd h ‘ s associates ■ An ed, tonal m the Journal of 
the Ame rican Medical Association' discusses the method as follows 
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* Segal and his associates recently described a test for determining the presence or 
absence of free hy drochloric acid m the stomach without subjecting the patient to 
intubation The principle of the test lies m the use of a cation exchange resm to which 
is attached a special indicator cation that can be readily identified when it is released 
from the compound by an ion exchange reaction Clinical trials have been based on 
administration of a quininmm exchange indicator compound 7 prepared by subjecting 
an acid-conditioned cation exchange resm to a solution of quinine hy drochlonde By 
this treatment quinine replaces the hydrogen cations of the carboxylic acid groups 
present in tbe resin If free hydrochloric acid is present m the stomach the qumine 
will be replaced by hy drogen ions and the liberated quinine will be absorbed into the 
body and can later be detected in the urine Smaller amounts of quminium cations 
may be displaced by the cations present in the secretions of the small intestine How- 
e\ er these qmnimum cations can be differentiated from those displaced by the hy dro- 
gen ions in gastric juice by the time of appearance and the amount of quminium cations 
m tbe urine 

This procedure is more pleasant for the patient than the conv entional intubation 
method Its simplicity suggests its usefulness as a screening test to select achlorhydric 
subjects m the gastric cancer age group for further in\ estigativ e studies ” 

Properties and Composition op Human Gastric Juice 



Appetite Juice 

Residuum 

Specific gravity 

1 007 

1 006 

Freezing point depression °C 

-0 55° 

-0 47“ 

Total acidity , per cent HC1 

0 45 

0 30 

Total solids g per 100 ml 

0 55 

0 98 

Organic solids g per 100 ml 

0 41 

0 53 

Inorganic solids g per 100 ml 

0 14 

0 45 

Total nitrogen g per 100 ml 

0 060 

0 066 

Total phosphorus g per 100 ml 


0 005 

Total sulfur g per 100 ml 


0 007 

Ammonia K, g per 100 ml 

0 002 3 


Ammo acid 2S T , g per 100 ml 1 

0 003 9 


Chlorides (as Cl) g per 100 ml 

0 5 



An apparatus has also been devised* for the determination of mtra- 
gastnc conductance and temperature The apparatus is also prov ided with 
an aspiration tube similar to that of the Rehfuss tube which makes pos- 
sible the removal of samples of gastric contents for chemical analysis 

Tor a long time the consensus, based principally upon the work of the 
Pavlov school, was to the effect that the gastric juice of normal man had 
an average acid concentration of 0 2 per cent hydrochloric acid, whereas 
the gastric juice of the dog and cat had an nverage acid concentration 
of 0 4 to 0 5 per cent hydrochloric acid These experiments were based 
principally upon the examination of the pure gnstnc juice of the lower 
animals as compared with the stomach contents of man Later experi- 
ments, however, demonstrated that the acid concentration of the freshly 

1 Diagnex (Squibb) is useful in this connection The appearance of quinine in the urine 
two houra after the administration of Diagnex shows the i re*>cnce of IIC1 The 
absence of quinine within thu period indicates achlorhydria. 

* Bergeim vtm J Phynd 45 l (1017) 
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mrcki castnc juice of man is similar lo that of the dog it Ot to 0 5 p« 
cent hj drochlonc acid BoliU rcff claimed that this initial lugha J* , 

the human gastric ju.cc is normallj lowered o the "Pi'™ 1 ” 
of 0 15 to 0 2 per cent by regurgitation of a haline fluids (bile p 
and intestinal juices) from the intestine this constitutes Tt hat Bold} ^ 
termed ■ the automit.c regulation of gastric acidity Tbls cla J 
teen amply substantiated Both bile and trypsin arc “*'» 
the stomach contents of man after the introduction of 0 o per cent } 
chloric acul into the empty organ . . 0041 

The composition of human gastric juice and of the residuum (sec p 
is giv en m the table on p 377 


THE USE OF INDICATORS IN GASTRIC ANALYSIS 
Indicators are used m gastric anal) ms for two main purposes 0) ^ 
the colorimetric determination of the pll of gastnc contents an 1 ) 
an aid m the measurement of gastric nciditj by titration I lie us 
indicators for the first purpose is identical in principle with their u 
this connection with other fluids and is described in detail on p 6i 
practical details in connection with gastric anal) sis arc presented on p 


The pnmary objective in the titration of gastnc acidity is to determi 
the amount of unncutralizcd hydrochlonc acid present ( free hy dr 
chloric acid’ ) m the possible presence of other acids which while titra 
ble are nevertheless so much less highly ionized than hydrochlonc ac> 
that they contnbute little or nothing to the hydrogen ion concentrate 
of the solution It is the hydrogen ion concentration (1 c the pH) 
the gastnc contents which to a large extent determines whether or no 
the physiological functions of the gastnc secretion will be served an< 
hydrogen ions in concentration sufficient to maintain a normal pH can 
come only from a highly ionized acid such as hydrochlonc acid Thus 
gastnc function can be ev aluated in terms of the presence and amount 0 
free hydrochlonc acid Since the concentration of free hydrochloric acid 
determines the pH it is clear that a pH measurement will frequently g" e 
as much information as a titration and increasing use of pH deternuna 
tion. m this connection is being made clinically particularly ui v lew 01 
the ease With which precise pH determinations may be made with the 
modem electronic pH meters (see Chapter 1) 

The establishment by titration of the presence and amount of fra® 
hydrochlonc acid in the presence of o her titratable acids is based on the 
fact that hydrochlonc acid is completely dissociated in solution the hy 
drogen 10ns from this dissociation reacting with the added OH 10ns before 
any undissociated acid present can ionize and so react Thus the amount 
of alkali added up to the point of practically complete neutralization of 
the hvdrochlonc acid present should be distinguishable from that neces- 
sary for the remaining acid or acids That this is so is evident from an 
inspection of the titration curve for hydrochlonc acid as compared with 
that for a typical w eak acid such as acetic acid such curv es are show n ,n 
Fig 11 of Chapter 1 From an inspection of these curves it can be seen 
that as standard alkali is added to a solution containing hydrochloric 
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acid, the pH of the solution changes relatively little until most of the 
acid is neutralized, increasing from pH 1 to about pH 2, w hen about three- 
fourths of the acid has been neutralized As the titration continues, at 
about pH 3 5 or so it is clear that practically all of the acid has been 
titrated, stopping the titration at this point gives a value for the acid 
present -which is almost indistinguishable from the v alue obtained if the 
titration were earned to the end point with such mdicatois as methyl 
orange, litmus, or phenolphthalem 

The situation is quite different if a weak acid, such as acetic acid for 
example, is being titrated In the case of acetic acid, the solution has a 
pH of about 3 before any alkali has been added, this pH corresponding 
to the relatively small (about I per cent) ionization of the acetic acid 
molecules As the pH is increased by the addition of alkali, more of the 
acetic acid dissociates to give hydrogen ions which are capable of reacting 
with the added OH ions until ultimately sufficient alkali has been added 
to neutralize all of the acid initially present But it wall be noted that the 
end point of this titration (i e , the pH at winch equiv alent amounts of 
alkali and acid are present) is not pH 7 but rather nearer pH 8 5 Thus, 
m order to titrate such an acid as this, it is necessary to use an indicator 
which changes color at about pH 8 5, phenolphthalem is such an indicator 
From what has just been said, it follows that if a mixture of hydro- 
chloric acid and some weak acid or acids is being titrated with standard 
alkali, the buret reading at pH 3 5 or thereabouts will be a measure of 
the hydrochloric acid present, w hile the reading at pH 8 5 wall be a meas- 
ure of the total acidity of the solution It is thus possible to distinguish 
quantitatively between these two types of acidity provided that means 
of indicating the pH of the solution are available This may be done using 
a pH meter, it is much more common to select an indicator whose color 
change lies at the pH range desired Of the various indicators which have 
been proposed for this purpose in gastric anal} sis, Topfer’s reagent (di- 
raethylaminoazobenzene) and phenolphthalem are almost universal!} 
used Topfer’s reagent has a color change from red to yellow over the pH 
range 2 9 to 4 0 (see Table), the intermediate color of salmon pink being 
noticeable at approximately pH 3 3 Thus if gastric contents are titrated 
with alkali to the color change with Topfer’s reagent, a measure of the 
free h}drochloric acid present will be obtained, the value being unin- 
fluenced b} an} weak acids which may be present If the titration is then 
continued to the color change with phenolphthalem (pH 8 5), the total 
acidity is determinable 

Topfer’s reagent has a number of disadvantages, the color change is 
not sharp and requires a certain amount of familiarity before the proper 
end point is routinel} obtainable, furthermore the color fades rapid!} 
at the end point and thus precludes the vetting up of pH controls for the 
more precise establishment of the end point Other indicators have been 
proposed, such as th}mol blue (red, becoming }cllow at pH 2 8), and 
bromophenol blue fellow, beginning to turn blue at pH 3 4 or so), bul 
m the authors' experience of teaching medical students and technician* 
the routine of gastric titrations, neither of these has proved so ‘catisfac- 
tor} as Topfer’s reagent. 
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In the above discussion acetic acid avis used as an example of a typical 
weak acid to illustrate the principles imoivtd in a gastric titration n 
actual practice the weak acids which may be found m gastric contcn s 
include protein hydrochloride (so-called “combined hjdrothlonc acid ), 
acid phosphates and \anous organic acids such as lactic, citric etc a e r 
fermentation or the ingestion of certain foods At one time the mista eu 
notion prevailed that by the suitable use of various indicators it was 
possible to differentiate between these components of the weak acid frac 
tion of gastric contents This is not true since the titration curves of these 
\arious components overlap to Buch an extent that it is impossible o 
differentiate between the contribution of each to the total aciditj , an 
the concept should be abandoned E\en the distinction between free 
mineral acid and weak organic acids becomes less sharp if the organic 
acids have an appreciable ionisation at pH 3 or so, as is the case for 
example with lactic acid The presence of significant amounts of such 
organic acid in gastric contents is quite unusual, should it occur the de- 
termination of volatile chloride is of value in establishing the extent 01 
acidity due to hydrochloric acid 

It is occasional practice in the titration of relatively pure gastric con 
tents to subtract the value for the free acidity from that of the total 
acidity and call the difference the “combined acid ” The validity of this 
is questionable even assuming that the difference betw een free and total 
acid is partly due to acid which has reacted with protein to form protein 
hydrochloride, it is clear that the amount of acid which has so reacted is 
measurable only by titrating the solution to the isoelectric point of the 
protein, further titration beyond tins pH represents the formation of 
alkali salt of protein and will depend on the amount and nature of protein 
present without reference to how much hydrochloric acid has been ‘ com 
bincd” with the protein Actually the difference between free and total 
acid is more a measure of the buffer power of the gastric juice than an> 
thing else Trom a practical point of view therefore it would appear that 
the requirements of gastric analysis at least in so far as gastric acid M 
concerned, arc largely met by measurement of either the free acid or the 
pH 

The table on p 381 lists the characteristics of those indicators which 
ha\e found application in gastric analysis and for other purposes Expcri 
ments which follow illustrate the application of the principles just 
presented 

A! th J! n f l ^ t0r$ Prepare a Berie * of solutions of varying acidities as 
outlined In the following tabie.p 382 Introduces or 10 ml portions of each 
of these Into a series of test tubes and to each add a few drops of a solution of 
thymol blue Make a note of the colors produced, in the spaces left for this 
purpose In the same way test the other Indicators mentioned, in order, In 
each case uslnft a few drops of the Indicator solution 

Are the following assumptions on which the use of certain of these 
indicators mgastnc analysis based borne out by jour findings’ 

*•«.*. * il i 8 rc , agcnt (dimcthylammoazobenzcne) gn es its charac- 

teristic pinkish red color onlj m the presence of free IICI 
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2 That Congo red can be used to distinguish between strong acids, 
moderately weak acids, and terj weak acids 

3 That thymol blue may be used as an indicator in the titration of 
both free and total acid 

4 That alizarin may be used in titrations where the end point is at 
a pH just acid to pH 7 rather than just beyond pH 7 

5 That phenolphthalein can be used in titrating total acidity, that is, 
aciditj due to mineral and organic acids, acid salts, and combined acid 

6 That Gunzberg’s test is m certain respects the most satisfactory 
one for free HC1 

7 That “combined acid ” ( protein hydrochloride) is an acid of approxi- 
mately the strength of acetic acid 


Indicator 

pH Range 

Color Change 

Thy mol blue (acid range) 

12 2 8 

Red yellow 

Topfer s reagent 

2 9-40 

Red y ellow 

Bromophenol blue 

3 0-46 

Yellow blue 

Congo red 

3 0-50 

Blue-red 

Methyl orange 

3 1-44 

Orange red yellow 

Bromocre^dl green 

4 0-56 

Yellow blue 

Methy 1 red 

4 2 6 3: 

Red yellow 

Litmus 

45-83 1 

Red blue 

Chlorophenol red 

5 0- 6 6 | 

Yellow red 

Alizarin red 

5 0-68 

Yellow red 

p-Nitrophenol 

5 0-70 

Colorless yellow 

Bromocresol purple 

5 4-70 

Yellow purple 

Bromothymol blue 

G O- 7 6 

Yellow blue 

Phenol red 

6 6-82 

Yellow red 

Neutral red 

G 8 8 0 

Red y ellow 

Cresol red 

7 2-88 

\ ellow red 

Meta cresol purple 

7 6-92 

^ ellow purple 

Thymol blue (alkaline range) 

8 2-98 

bellow blue 

Pbeaolphthalem j 

8 3 10 O 

Colorless red 

Alizarin > ellow ! 

10 0-12 0 

Colorless \ ellow 

Tropaeohn 0 j 

11 1 12 7 

ellow -orange 


Special Test for Free HCl (Gunzberg’s Test ) Perform the following test on 
Solutions 1 to 4 of the table and tabulate the results Place 1 to 2 drops of 
Gunzberg’s reagent* In a small porcelain evaporating dish and carefully 
evaporate to dryness over a low flame Insert a glass stirring rod into the mix- 
ture to be tested and draw the moist end of the rod through the dried reagent 
Worm again gently and note the production of a purplish red color in the 
presence of free hydrochloric acid This test differs markedly from the use of 
indicators In that the reaction is not determined by the pH of the solution, 
but Is based on the fact that hydrochloric acid of any strength whatever 
reaches a “constant boiling’’ concentration of about 20 per cent on evapora- 
tion At this strength of acid the ingredients of the reagent condense to form 
a purplish red compound The reaction Is thus highly specific for hvdro- 
chloric acid In gastric Juice 

* See Ap|>cn<Ux 
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Differential Titration of a Mixture of Strong and Weak Acids (a) Titrate a 
5-ml portion of 0 1 N acetic acid with 0 1 Nsodlum hy droxide, using phenol - 
phthalein as indicator (6) Titrate a 5-mf portion of 0 1 N hydrochloric acid, 
using plienolphthaleln (c) Titrate a 5-ml portion of 0 1 N hydrochloric acid, 
using Topfer’s reagent (one drop) as indicator. The end point is a salmon- 
pink shade, intermediate between red and yellow. Is there anj significant 
difference in the titer of the hj'drochloric acid as compared with the value ob- 
tained in (b)? (d) Now mix 5-ml portions of 0 1 N acetic acid and 0 1 N hydro- 
chloric acid in a flask, add Topfer’s reagent, and titrate with alkali to the 
salmon-pink end point. Read the buret, add a drop of phenolphthalein to the 
contents of the flask, and continue the titration with alkali until the pink 
color of the phenolphthalein end point can be seen to be superimposed on the 
clear yellow color of the Topfer’s reagent Read the buret again This reading 
represents the “total acidity ** The first reading is a measure of the HCI 
present, and the difference between the first and final readings represents the 
acidity due to the weak acid (acetic, in this case) Compare the values you 
obtain in this differential titration with those obtained by separate analysis 
in parts ( a ) and (c) above 

THE FRACTIONAL METHOD OF GASTRIC ANALYSIS 

Since 1914, when the first experiments entailing the use of the fractional 
method were reported from the senior author’s laboratory, the method 
has been widely adopted both m this country and abroad This wide- 
spread use by a large number of w orhers has resulted in much discussion 
of the method On the basis of this large experience certain modifications 
in the original technique are here presented In its major details, however, 
the method remams as originally carried out, and in the opinion of the 
authors constitutes the best a\aiinble method for the clinical examination 
of the stomach 

When an Ewald testmeal is given toaorm al individuals curvesuch as Curve (1) in 
Fig 95 is usually obtained The curve may vary within certain limits depending on 
individual idiosyncrasies but it is usually found to follow the curve depicted and 
the meal normally leaves the stomach in two and one-half hours Pathologically every 
variation occurs in time of cv acuation as well as in the character of the cun e and the 
quantity of the secretion elaborated Fig 9o represents some of the possibilities of 
pathological cases but a consideration of their interpretation is outside the purpose of 
the present volume It is ev ldent hovvev er, that the ey cle of gastric digestion is a con 
st&ntly changing one and no information concerning the trend of digestion can be ob 
tamed by an examination at only a single stage of digestion. Marked changes may 
precede or follow that stage 

Ix>w acidities may be found in carcinoma jn atonic dyspepsia and in pernicious 
anemia However, anacidity of itself is not necessarily of pathological significance 
A tendency toward high acidities may be found though not constantly, in cases of 
gastric and duodenal ulcers especially tho*e occurring in the neighborhood of the 
pylorus and inducing some degree of obstruction Iligh acidities may be induced 
rcflcxjy in gallbladder disease and appendicitis 

As this is written one of the f&v onto means used to combat the high acid tendency 
of ulcer is the chemical s distance called Banthmt (d-diethy laminoethy Ixanthene-9- 
carboxylate methobromide) 18 However, there are those who do not believe that 
Ban thine 13 the final answer to the ulcer problem 11 It is suggested that the drug 


18 Benjamin Roaiere and Gros*man GaslroentcrcJoay 15 727 (1950) 

11 Ruffin Gastroenterology 17 5S9 (1951) Levin Kirsner and Palmer Gastroenterology 
31. 339 (1051) 
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should be used to supplement conventional methods of treatment rather than to 
replaee them Pro banthme and Prantal have also been recommended for u«e m uice 
therapy In the past roentgen therapy as a ell as the use of radioactive p osp 
(P«) and radioactive iodine (I ,n ) have been used with mdifTerent success to supp 
gastric aciditj clinically Radioactive krypton maj possibly prove more effective 
this purpose 11 However thw has not been definitely proved 

Some gastroenterologists have found the gaslrophotor useful in the study o u ce 
This is a tiny camera which may be swallowed by the patient By its use 10 pictures o 
various sections of the stomach w alls may be taken at the same time 


OBTAINING THE SAMPLES 

1 Introduction of the Stomach Tube Whereas the large tube Is directly 
Inserted by propulsion, the Rehfuss tube Is swallowed in the natural inann^ 
with the aid of gravity The tube may be passed in one of three ways, * * 
(1) lubricated, (2) with the aid of fluid, (3) after the throat Is cocainized 
When passed by the first method the tip of the tube, after thorough lubrlca 
tlon with glycerol or liquid petrolatum is held between the thumb and fore 
finger and placed on the tongue Then with the aid of the forefinger the tip * 
pushed backward until It reaches the root of the tongue and Is engaged in t e 
oropharynx Then the patient is encouraged to breathe deeply through t W 
nose and to swallow persistently while the tube is slowly fed Into the mout 
After slight discomfort In the pharynx and Its passage past the level of the 
cricoid cartilage, practically no discomfort Is felt This method is used when 
It is essential that the pure gastric secretion or residuum be obtained Ord 
nanly, however. It is much easier to swallow the tube by the second method 
This method consists in placing the tip in the oropharynx and then giving 
the patient a measured quantity of water or tea to swallow The movements 
induced by the swallowing carry the tube rapidly to the stomach with a mini' 
mum of discomfort When an Ewald meal (see p 385) is given, part of the te3 
may be reserved for swallowing the tube This procedure makes It scarcely 
more arduous than the swallowing of food Should the patient, however, be 
extremely neurotic or the unfortunate possessor of marked pharyngeal by* 
peresthesla, cocaine hydrochloride In 2 per cent aqueous solution may b« 
applied to the throat, rendering the passage of the tube practically Insensible 
When the tube has entered the stomach, aspiration of the material shows the 
characteristic gastric contents Should the tip remain in the esophagus 
through transient cardiospasm or other cause, aspiration results in the re 
moval of only a very small specimen having all the characteristics of the 
pharyngeal and esophageal secretions 

The clinician should see to it that the tube Is so placed that the tip reaches 
the lower pole of the stomach Furthermore, the tip should remain tn th i* 
position throughout the duration of the test By placing the tube in this 
manner, representative specimens and accurate data may be obtained 

It has been shown that the gastric response to the fractional method when 
properly performed is similar for the same Individual on different days’ 1 
Bloomfie d and Keefer have suggested a method for the “continuous qua O' 
tltative estimation of gastric secretion and discharge in man ” 

2 Removal and Analysis oj Residuum If the so called empty stomach 1* 
eaamlned In the morning betore any food or drink ha, been taken It will b ' 
1 ° 10 eonalderable material, which la termed residuum Betore a 

SX F * p “ ""I » 638(190") 

>le GarlnsFuiutloninirtallkariiDurarr London Oxford University Press 19"6 



Chap 15 


Gastric Analysis 


385 


test meal is introduced into the stomach, this organ should be emptied. If 
this Is not done we cannot consider the samples withdrawn after the test 
meal is eaten as representing the secretory activity of the gastric cells under 
the Influence of the stimulation of the test meal. It has been generally recog- 
nized, clinically, that a residuum greater than 20 ml. is pathological. Such a 
volume has been considered as Indicative of hypersecretion, and this In turn 
in many cases indicates an organic lesion. The observations Indicating that a 
residuum of over 20 ml. was pathological were made upon residuums re- 
moved by means of the old type of stomach tube which does not completely 
empty the stomach. When the residuum is completely removed by means of 
the Rehfuss tube it has been demonstrated that the normal residuum is 
practically always over 20 ml., the average for both men and women being 
about 50 ml. The normal residuum has been found to possess all the qualities 
of a physiologically active gastric juice with an average total acidity of 30 
and an average free acidity of 18.5. The residuum is often colored by bile. This 
is particularly true if the fluid has a relatively high acidity. Trypsin Is also 
generally present. These findings indicate regurgitation (see p. 390). patho- 
logical residuums may contain blood, pus, and mucus and may also show 
food retention, indicative of delayed evacuation. In carcinoma the residuum 
frequently has a foul odor. The quantity may also be much increased owing 
to hypersecretion. A residuum of large volume possessing a total acidity value 
of 70 or over may indicate ulcer. 

Remove the residuum as directed under (5) on p. 386, and analyze the fluid 
according to methods outlined on p. 386. 

3. Feeding the Test Meal. Before making an analysis of the stomach con- 
tents it is customary to Introduce something into the stomach which will 
stimulate the gastric cells. The response to this stimulation is then measured 
clinically by the determination of total acidity, free acidity, and pepsin in 
the stomach contents. Many forms of test meal have been used. 

The test meal most widely employed Is the Ewald test meal. This consists of 
2 pieces (35 g.) of toast and 8 ounces (250 ml.) of tea. 

Inasmuch as It was demonstrated In the senior author’s laboratory that 
water gave a similar gastric stimulation to that produced b> the Ewald meal, 
it was suggested that a simple water meal might be substituted for the Ewald 
meal. This water meal also has the added advantage of enabling one to deter- 
mine the presence of food rests and to test more accurately for lactic acid, 
blood, and bile. Ryle 14 prefers to use oatmeal gruel (1 pint). Another test meal 
favored in certain English hospitals consists of 20 g. citrus pectin, 35 g. su- 
crose, 60-70 mg. phenol red and sufficient caustic soda to raise the pH to 
6.5 in one liter of distilled water. 1 * The alcohol test meal has also been sug- 
gested. 1 * This consists of 200 ml. of 5 per cent ethjl alcohol. Doses of 0.5 to l 
mg. of histamine hydrochloride injected subcutaneously are effective In 
stimulating gastric secretion and may help to differentiate between true and 
“apparent” achjlla gastrica. 

4. Feeding the Retention Afeof. In order to obtain more Information re- 
garding gastric motility than is furnished b> the ordinary test meal described 
above, the patient may be fed a so-called retention meal. This meal Is fed in 
place of the regular evening meal and contains substances readily detected. 

** Boil 2 tbsp of oatmeal m a quart of water until the total bulk Is reduced to 1 pint 
Strain through coarso muslin Season with salt as desired 

” Hunt. Lane if, 257. 701 and J. Physiol {London), It J, ICO (1951) 

’* Ehrmann - Am J. Dtgeslttt Disrates, 13, 23 (1040). 
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In the morning before breakfast (7 to 8 A >0, remove the stomach contents 
(residuum see p 381) by aspiration and etamlne for food rests The »«>» 
stomach should give no evidences of food retention A satisfactory reten 
meal consists of 4 ounces each of boiled string beans and rice Diets contain 
inft prunes raspberry marmalade, ljcopodlum powder, etc , have also een 
emplojed In many Instances an ordinary mixed diet will serve the purpose 

5 Removal of Samples of Stomach Contents At Intervals of exactl) IS 
minutes from the time the test meal is eaten until the stomach is 
5 to 6 ml samples of gastric contents are withdrawn from the stomach by 
means of aspiration (Aiew milliliters of air is blown down the tube In order 
that the tube shall be emptj when the next sample is drawn ) If thestomac 
is not empty at the end of three hours, the remaining stomach contents may 
be withdrawn and measured 

In order to facilitate the mixing of the stomach contents and the with 
drawal of a more representative sample, the stomach contents should e 
aspirated back and forth four times before taking the sample for analy*' 5 
Some clinicians advise that the stomach contents be mixed by physic 
manipulation just prior to aspiration 

In the removal of samples from the stomach. It is essential that very 
traction be employed To completely empty the stomach, aspiration i* 
practised in four positions (a) on the back, (b) on the stomach, (c) on the 
right side, and (d) on the left side This results in complete evacuation of the 
stomach Three tests may be employed to determine whether the stomach I* 
empty (1) No more material can be aspirated in any position (2) Injection 
of air and auscultation over the stomach with a stethoscope reveals a stick) 
rale and not a series of gurgling rales such as is heard when there is materia 
in the stomach (3) Lavage or irrigation through the tube shows the absence 
of all food In the stomach 

EXAMINATION OF THE SAMPLES 

The old methods of gastric anal) sis involved the collection (by anal) 8 s and calcufa 
tion) of data regarding several types of acidit) It 13S ahead) been pointed out (p 
380) that the validity of such data is questional lc T1 e modern tendency among clmi 
Clans is to lay particular emphasis upon tl e values for total acidit) free acidit) an * 
pH Chlondc partition may also give some information The determination of tl e 
peptic activity is also of occasional value as well as tl c demonstration of the presence 
or absence of occult blood lactic acid mucus food rests etc 

Strain each sample through fine mesh cheesecloth 17 Examine the residue 
for mucus blood,” and food rests Use the strained stomach contents for the 
determination of total acidity, free acidity, and peptic activity by methods 
which follow 


I. Determination of Total Acidity Principle The indicator used is phenol 
phthalem Since tic in hcator reacts with mineral acid organic acid combined acid 
and acid salts tl e values obtained represent tl e total acvhly or tl e Bolution 

Procedure Measure 1 ml of the strained stomach contents by means of an 
Ostwald plpet and introduce it into a low form 60 ml porcelain evaporating 


” Any exsmin.t on reriu red for m ertneop 
netnal (uns»r» ned> gutnr content. Test, for 
if <lm red 


c constituents should be made on tb* 
occult bl *od rna> be made on the tidimeni 


Bui 11 * of 1 100,1 “ rather “ore satisfactory m the res. Jue tl an m the strained 
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dish Dilute with 15 ml of distilled water Add 2 drops of a 1 per cent alcoholic 
solution of phenolphthalein and titrate with 0 01 N sodium hydroxide until a 
faint pink color is obtained which persists for about 2 minutes Take the 
buret reading and calculate the total acidity 

Calcciatiov Note the number of milliliters of 0 01 N fsaOH required to neutral 
lze 1 ml of stomach contents and multiply it by 10 to obtain the-number of milliliters 
of G 1 N iOH necessary to neutralize 100 ml of stomach contents This is the method 
of calculation most widely used 

2 Determination of Free Acidtty Principle An indicator is selected which 
changes color at sufficiently low pH values so that the end pomt corresponds to the 
neutrabzation of all highly ionized acid only, as discussed on p 378 The indicator most 
w idely used is Topfer s reagent its adv antagcs and disadv antages have been pre 
sented on p 379 The use of Sahli s reagent a mixture of potassium iodide and lodate 
which liberates free iodine in the presence of a sufficiently high concentration of 
hydrogen ions has been suggested in place of Topfer s reagent The liberated iodine 
is titrated with thiosulfate solution and the end point is aery sharp Unfortunately, 
^ahh s reagent reacts to a certain extent with weak organic acids so that high \alues 
are obtained for example after the ingestion of acid fruits A procedure using Sahli s 
reagent is given m the eleventh edition of this book 

Procedure By means of an Ostwald pipet measure 1 ml of the strained 
stomach contents and introduce it into a low form 60-ml porcelain evap- 
orating dish Dilute with 10 ml of distilled water Add 2 drops of Topfer’s 
reagent (0 5 per cent alcoholic solution of dlmethylaminoazobenzene) and 
titrate with 0 01 N sodium hydroxide to a salmon pink color If the sample 
gives a yellow color on the addition of Topfer s reagent, it has no free acid 
present The end point may require practice in identification The use of 
comparative buffered colorimetric standards to control the end point has 
been suggested 19 Care should be taken against the possibility of color fading 
The reading of the buret at the end point is a measure of the free acidity 

It is common clinical practice to use this same sample for the determina- 
tion of total acidity To do this, add 2 drops of a 1 per cent alcoholic solution 
of phenolphthalein, and continue the titration until the pink color change of 
the phenolphthalein is superimposed on the yellow color of the Topfer s 
reagent The buret reading at this point is a measure of the total acidity 

Calcul vtion !Note the number of milliliters of 0 01 Is sodium hydroxide required 
to reach the end pomt color with Topfer s reagent Multiply this by 10 to obtain the 
number of milliliters of 0 1 h sodium hydroxide necessary to neutralize the free acid 
in 100 ml of gastric contents This v aiue also corresponds to the free acidity expressed 
m degrees or in miliiequiv aients of acid per liter In a similar way, the buret reading 
at the phenolphthalein end pomt can be used to calculate the total acidity 

3 Determination of Hydrogen ion Concentration of Gastric Contents 
Principle Inasmuch as the hy drogen ion concentration of the gastric contents is a 
determining factor in peptic digestion the estimation of pH is coming into wider use in 
gastric analysis Simple colorimetric methods are available for this purpose, as is the 
convenient electrometric pH meter The measurement of pH gives information of 
real value and the test paper method especially is so conv ement that it mav often be 
the method of choice*® Determinations of pH do not, however, displace titration 
methods, since the latter give additional information 


** Berk Thomas and Rehfuvs Am J i> ffe*l«rr Dwihm 9 100 (1942) 

" Prepared outfits for both tl e indicator solution and te«t paper met! ods maj be ob- 
tained from n ost larger laboratory supply bouses 
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(a) Colorimetric Method of Siioiil and King 

Procedure Prepare Clark and Lubs standard solutions for pH 1 4 » 1 6 ’ ! f 
2 0 2 4, 3 0 (see Chapter 1} Transfer 2 ml of filtered or centrifuged fiasw. 
contents to a test tube 11 mm in diameter Add 2 drops or 0 04 ml ol 
per cent thymolsulfonephthaleln In 95 per cent alcohol Compare wltn eq 
amounts of standard solutions treated In the same way in similar test tur> 
If the sample is more acid than pH 1 4, lower standards may be prepa 
Using the Ewald test meal it may be said in a general way that pH 1 4 rep 
sents a high acidity, from 1 6 to 1 8, moderate norma! acidity, from 2 
2 4, low acidity, and 3 0 or higher, anaddity 


(b) Method of Denis and Silverman Using Tfst Papers 

Procedure Prepare test papers as follows A solution of dye (dimethj^ 
aminoazo'benzene 0 5 per cent or 0 1 per cent thymol blue) is poured ® ver _ 
sheet of filter paper six inches in diameter, the excess dye allowed to dra n ° ’ 
and the paper dried quickly by holding it in front of a rapidly revolving e 
fan Prepare the two kinds of paper, cut in strips approximately 1 by * nc * 
and place in a stoppered bottle Keep away from light and laboratory fumes 
Smooth, ashless quantitative paper of the highest grade should be used 

Pour some of the material to be tested over the end of a test paper ,e 
colors may be compared with those obtained from similar papers dipp ed n 
the standard solutions mentioned in the method of Shohl and King above 
However, with some practice this will be unnecessary All readings should e 
made at once The table given below will serve as a guide In the Interpretation 
of results It gives test paper results as compared with number of ml of 0 
N NaOH that would be required to neutralize 100 ml of a solution of the 
II ion concentration found, if all the acid were free IIC1 


Indicator 

pll 

Color 

Ml 01 N 
A aOH 
Iler/uircd 

Remarks 

Topfer’s reagent 

1 4 

Deep red 

44 

Hyperacidity 

Topfer s reagent 

1 6 

Reddish-orange 

27 

Normal acidit' 

Topfer's reagent 

1 8 1 

Orange 

17 

Normal acidity 

T6pfer 9 reagent 

2 0 

Yellowish-orange 

10 

Hypoacidity 

Thymol blue 

2 0 

Purple red 

10 

Ilypoaciditj 

Thymol blue 

2 4 

Faint pink 

4 

Hypoacidity 

Thymol blue 

3 0 

\ ellow 

1 

Anacidity 


4 Determination of Peptic Activity 

(a) Photometric Method or Riggs and Stadee In this method the enzyu 16 
activity is measured photometrically as the decrease in turbidity of a stand 
ardized, homogenized suspension of coagulated egg white under specified 
conditions Accurate measurement is possible down to a level equivalent to 
1 *g of crystalline pepsin Protein hydrolysis so measured follows a mono 
molecular course and hence the enzyme activity is expressed as a velocity 
constant This method is particularly adapted to clinical studies For detail* 
of procedure see the original article * 
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(b) Hemoglobin Method of Anson and Mxrsky Principle The pepsin is added 
to a hemoglobin solution Unaltered protein is rcmov rd with trichloroacetic acid The 
amount of digestion products is determined colorimetncally using phenol reagent 
which reacts w ith tyrosine trj ptophan and cj steme groups tyrosine being used as a 
standard 

For a discussion of the determination of pepsin by viscosimetnc and other methods 
and of pepsin units see Ivorthrop ** 


Procedure Pipet 5 ml of a 2 per cent solution of dialyzed ox carbon mon- 
oxide hemoglobin 13 in 0 06 N 1IC1 Into a 175 by 20 mm test tube and bring to 
35 5° or 25° C Add 1 ml of enzyme solution and mix by whirling tube After 5 
minutes add 10 ml of 4 per cent trichloroacetic acid from another test tube 
and pour bach and forth to mix Filter through fine paper To 3 ml of filtrate 
la a 50 ml Erlenmeyer flash add 20 ml of water, 1 ml of 3 85 N NaOH, and 1 
ml of phenol reagent (Folin and Ciocalteu See Chapter 31) The standard 
consists of 3 ml of 0 1 N HC1 containing 0 15 mg of tyrosine (A copper sul- 
fate standard can be used with a red color filter ) Compare colors after 5 to 
10 minutes with the standard at 20 
Calculation 54 If X is the reading of the unknown 

Pepsin Units = (0 0194/A) - 0 000147 
If earned out at 25® C multiply bj J 82 


(c) Method of Volhard and Lohlein Principle The pepsin is added to casein 
solution The unaltered casein is salted out The filtrate from this contains the diges- 
tion products of casein which can be estimated by titration 

Procedure Into each of three flasks (graduated at 300 and at 400 ml ) In- 
troduce 11 ml of N HC1 and add water to make not quite 150 ml With con- 


11 Northrop J Gen Physiol 16 41 (193°) 

11 Bubble CO through whipped ox blood Centrifuge Siphon off the serum and cells Wash 
the corpuscles four times with cold 0 9 per cent NaCl Add an equal volume of water and a 
sixth of the total volume of toluol Bubble the CO through the solution Shake vigorously 
Let stall a in the cold over mght Siphon off the hemoglobin lajer Mix gently with a tenth 
the volume of centrifuged alumina cream (see Appendix) Filter through coarse paper 
Dialyze over night in the cold and keep under CO in the cold with toluol as a preservative 
Determine N by the Kjeldahl method Use 17 7 as per cent of N in the hemoglobin Use 
mercurj instead of copper jn the determination and evaporate before digestion to avoid 
serious foaming To 3 volumes of 0 1 N HCi add 2 volumes of 5 per cent hemoglobin Tins 
solution may bo kept m the cold for 10 days 

The tyrosine used should have been recrj stallized and the concentration also determined 
by the Kjeldahl method N =* 7 74 per cent 

” addition to the 0 15 mg of tyrosine the standard contains from the reagents an 
amount of color producing material equivalent to 0 015 mg of tj rosine T1 e color produc 
ing substance in the 3 ml of filtrate is therefore equivalent to (20/A) (0 15 +0 015) mg of 
tirosine Of this 0 015 mg are due to the color producing substance in the reagents and 
0 01 mg to the color producing substance present m the trichloroacetic acid filtrate even 
when no enzyme is added The digested hemoglobin m the 3 ml of filtrate is therefore 
equivalent to (20/ Y) (015 +0 015) — 0 015 — 0 01 mg of t> rosine Tlus value mu-t be 
multiplied bj to obtain the digested hemoglobin in the whole 1C ml of filtrate instead 
of the 3 ml taken for anal} eia it must bo divided b> 5 to obtain the amount of nonprecipit- 
abte digested hemoglobin produced in one minute instead of in 5 minutes it must be 
divided b} 181 the molecular weiglt of t> rosine to obtain the tyrosine equivalent as 
tmlhequivalents instead of as milligrams The relation between, the number of pepsin 
units m l ml of cut} me solution and tl e colorimeter reading Y is thus 

P U m [t (0 15 + 0 0l5) - ° ois-o °t ] y x £ * ill “ ° ~ 0 000,47 
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.tant shaking add ICO ml of the casein solution Any turbidity 
quickly disappear Add different knoun amounts of PO'sl” containing 
non to the three flasks and make up to 300 ml Keep at to C for ° d 
Add 20 per cent sodium sulfate solution to the 400-ml ma^ 
titrate 100 ml of filtrate with 0 1 N NaOlI, uslnft phenolphthalein as 

'"callmation Multiply the titration by 4 Cornet fer blank run witliout pepu 1 
and for any acidity of tl ( p< psm solution The square of the result ri\os units ol PH 
In any pepsin metl od it n boat to determine the amount of unknown rtqm 
bring about in a definite time the same amount of diction aa a definite amoun 
standard solution of pepsin ** 


5 Determination of Tryptic Actiuty Tryp«>n w not a gastric enzyme but 
occurs in the pancreatic juice (see p 30o) In case of regurgitation of intestina co 
tents through the pylorus, trypsin would be passed into the stomach Tlie regurgi 3 10 
is doubtless of frequent occurrence and may even lie a normal mechanism by vr ic 
gastric acidity w regulated (sec p 378) Trypsin ls, therefore gcneralh present in ^ 
contents of the normal human stomach However, inasmuch as trypsin is destroy 
bv the pcpsm-I ydrochlonc acid of the gastric juice determinations of this enzyme 
must be earned out immediately after aspirations of the gastric contents particu ar J 
where the acidity of the latter ls high 

Spencers Method* (a) Prepare five reagent tubes. Nos 1, 2, 3, 4, and 5, more 
if desired 

To Tubes 1 and 2 add 0 5 ml of gastric contents (filter If cloudy) 

(b) To Tubes 2, 3, 4, and 5 add 0 5 ml of distilled water 

(c) From Tube 2 remove 0 5 ml of its mixed contents and add to Tube 3 
Mix thoroughly and add 0 5 ml from Tube 3 to Tube 4 Repeat for Tube 5 

We now have dilutions of gastric contents of 1, Vi, Vi, Vi, and Vie 

(d) To each tube add one drop of phenolphthalein solution (phenolphtha 
leln 1 g , alcohol (95 per cent) 100 ml ), then drop by drop add a 2 per cent 
sodium bicarbonate solution until a light pink color Is produced 

(e) To Tubes 1, 2, 3, and 4 add 0 5 ml of casein solution Tube 5 must r* 
ceive 1 ml of casein solution, since it contains 1 ml of the diluted gastric 
contents For the casein solution, dissolve 0 4 g of casein in 40 ml of 0 1 N 
NaOl! Add 130 ml of distilled water, then 30 ml of 0 1 N 1IC1 This leaves 
the solution alkaline to the extent of 10 ml of 0 1 N NaOH, minus about 3 ml 
neutralized by the casein 

U) Incubate for five hours at 40° C 

(fi) Precipitate the undigested casein by the dropwlse addition of a solution 
of the following composition glacial acetic acid 1 ml , alcohol (95 per cent) 
50 ml , distilled water 50 ml The tubes in which digestion has been compl e * c 
remain clear, others become turbid 

(h) The tryptic values are expressed in terms of dilution Thus, compl« tc 
digestion In Tube 3 (a dilution of Vi) shows four times the tryptic power of 
undiluted gastric juice, taking this dilution as unity, the undiluted juic* 
has a tryptic value of 4 


« hitrodur-e 10° g of pare casein into a 2-bterflMk- Add 1000 ml of water shake andle* 

stand some hours Add SO ml of S NaOH make up to 2000 ml an 1 warm gradual!) until 
!****’, 7”? 1 ® a , t . ral : 1 7' 1 > C *" destroj anj proteinase* and preserve in a 

P'r‘ bOU,e * bttle toluol Tins solution keeps for a long time 

Treat 10 g. of a good pepsin preparat n with 100 ml of 10 per cent NaCl 1>t stand 
one week at room temperature Filter Add an equal volume of gl 5 cerol an 1 keep m the ice 
oox The solution keeps indefinitely 

by Sp * nc * r m the Beruor author s laboratory for the specific purpose o( 
Determining trypsin in gastric juice 
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(I) Controls of boiled gastric contents plus casern solution, and of distilled 
water plus casein solution, treated as above stated, must show no digestion, 
and become turbid on addition of the precipitating solution 

6. Detect ton of Lactic Actd When the acidity of the stomach contents is re 
duced to a low value there may occur considerable fermentation of carbohydrates 
which have been introduced into the stomach in the ingested food This fermentation 
y lelds v anous organic acids, among which lactic acid is particularly prominent It is 
important, therefore, m case of low gastric acidity that the stomach contents be 
examined for lactic acid 

Ether-Ferric Chloride Test (Stkalss) A satisfactory deduction regarding the 
presence of lactic acid can be made only by removing the lactic acid from interfering 
material (e g hy drochlonc acid protein digestion products etc ) present in the 
stomach contents Ijictic acid may be extracted from the stomach contents by ether 
The following technique not only serv es to detect lactic acid but also gives an approri- 
mate idea as to the amount of the acid present 

Procedure Introduce 5 ml of strained stomach contents into a small 
graduated separatory funnel, add 20 ml of ether, and shake the mixture 
thoroughly Permit the ether to separate, then allow all the fluid to run out 
of the separatory funnel except the upper 5 ml of ether To this ether extract 
add 20 ml of distilled water and 2 drops of a 10 per cent solution of ferric 
chloride and shake the mixture gently A slight green color is obtained In the 
presence of 0 05 per cent lactic acid whereas 0 1 per cent lactic acid yields a 
very intense yellowish-green color 

7 Detection of Occult Blood IS Benzidine Reaction This Is one of the most 
delicate of the reactions for the detection of blood Different benzidine prep- 
arations vary greatly in their sensitiveness, however. Inasmuch as benzidine 
solutions change readily upon contact with light it Is essential that they be 
kept In a dark place The test Is performed as follows To 3 ml of a saturated 
solution of benzidine in glacial acetic acid” add 2 ml of the solution to be 
tested and then 1 ml of 3 per cent hydrogen peroxide A positive test is indi- 
cated by a green or blue color 

Co\ fiiluatort Test If the mixture contains fat, make neutral or slightly 
alkaline, and extract by shaking with an equal volume of ether Discard this 
ether extract Make the residue acid with acetic acid and again extract with 
ether Pour off ether into a small evaporating dish Put on a hot water bath 
with flame turned out and evaporate to dryness Add a few drops of water, a 
drop of benzidine solution, and a drop of 3 per cent hydrogen peroxide A 
green or blue color indicates blood 

Blood is found in gastric contents in conditions associated with erosion of the mucous 
membrane, ulcer, and carcinoma In cases of ulcer the blood mav be bright red or 
may be converted to brown "acid hematm " by the excess of acid u hich is usually 
present In carcinoma the blood forms brownish black lumps, the so-called “coffee- 
ground ’ material 

8 Detection of Btlcm Stomach Contents If we accept Boldyreff’s theory as to 
the automatic regulation of gastric acidity under normal conditions by the regurgita- 
tion of alknlme material from the intestine, then the presence of bile in the gastric 
juice docs not possess the clinical significance »t has been accorded However, if an 


** These tests may l*> made upon tl e strained stomach contents or upon the solid residue 
n Glacial arctic acid it preferable but alcol ol acidified with acetic acid may be used 
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quantitative data are available for act on of these Althou C h carherultra 
centrifugal measurements indicated a molecular » eight of MO the v a 
for total sulfur and cystine suggest a figure tuire tins The »cUw‘j 
secretin is destroyed by pepsin and trypsin hence it cannot be B> 
effectively h> mouth Secretin is lihemsc destroyed on ineubatWl 
uith blood serum presumably because of the presence of the enzyme 

60 Harper and Rapcr 1 first determined that extracts of duodenal mucosa 
contain luo hormonal agencies affecting the cxtLmal secretory actnl y 
the pancreas These arc (1) secretin uhich stimulates the production o 
fluid and bicarbonate by the pancreatic acini and (2) pancreozimin 
which governs the production of the pancreatic enzymes Pancrcon 
stimulates the output of all pancreatic cnzjmes and when injected r 
peatcdly sustains high enzjmc concentrations for prolonged periods i 
secretin pancreozymin is inactitatcd bj blood scrum Using dogs wi 
a part of the pancreas subcutaneously autotransplanted Wang an 
Grossman* ha\e obser\ed that products of protein digestion (pepton 
and amino acids) are most effccti\e in stimulating release of pancreo- 
zymin next most effective arc soaps (sodium oleate) and to a lesse 
extei t HC1 Carbohydrates arc ineffective . , 

It might be supposed that a failure of the pancreatic secretion wou 
be noted in achylia in which condition no gastric acid is secreted to bn n S 
about the liberation of secretin This is not the case Tatty acids formed m 
fat digestion and protein split products maj cause the passage of secretin 
into the blood stream For the same reason bile also has some stimulating 
action on pancreatic secretion 

PANCREATIC JUICE 

The juice as obtained from a permanent fistula differs greatly in it 3 
properties from the juice obtained from a temporary fistula and neither 
form of fluid possesses the properties of the normal fluid Pancreatic juice 
collected from a natural fistula has been found to be a colorless clear 
alkaline fluid (pH 8 or thereabouts) which foams readily The inorganic 
salts consist largely of sodium chloride and bicarbonate in approximately 
equal amounts the bicarbonate obtained in part from blood but largely 
from metabolic processes within the pancreas * is responsible for the 
alkalinity of the juice It is further characterized by containing albumin 
globulin proteose and peptone nucleoprotein is also present m traces 
The average daily secretion of pancreatic juice is 6o0 ml and its specific 
gravity is 1 008 The fluid contains 1 3 per cent of solid matter and the 
freezing point —0 47° C 

The normal pancreatic secretion contains a variety of different enzymes 
Among those which have been well characterized are included the 
following (1) The peptide-splitting enzymes trypsin chymotryps u 
and various carboxypolypeptidases (2) a polynucleotidase (or nuclease) 
acting to split nucleic acids mto their component mononucleotides (3) 

Harper and Raper J Phynol wj 115(1943) 

Wang »nd Grosman Am J J hj$iol U« 527 (1951) 

Hollander and Btrnbaum Trane h Y Aea.1 Sm ,, 50 (19W 
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pancreatic amylase (nmylopsm), an amylolytic enzyme, and (4) pan- 
creatic lipase (stcupsin), a fat-splitting enzyme Other enzymes are doubt- 
less present It w ill be noted that pancreatic juice contains enzymes ca- 
pable of acting on all three classes of foodstuffs — proteins, carbohydrates, 
and fats Ivy and co-workers have reported, however, that the concentra- 
tions of these enzymes in pancreatic juice can be markedly influenced by 
diet Thus, animals receiving a high protein diet secrete a juice especially 
nch in trypsin, on a high carbohydrate intake the pancreatic amylase 
concentration is greatly increased, on a high fat-ion protein diet, hovr- 
e\ er, the secretion of all enzy mes is inhibited It has been suggested that 
carbonic anhydrasc is importantly related to the intracellular cou\ersion 
of COj to HjCOa and hence to the formation of HCO 7 for secretion 5 
Proteolytic Enzymes of Pancreatic Juice. The major proteolytic 
enzymes of pancreatic juice appear to be (1) trypsm, (2) chymotrypsm, 
and (3) a carboxypolypeptidase, each of which has been obtained in 
crystalline form The combined activities of these (and possibly- other) 
enzymes was formerly believed to be due to a single enzyme which was 
called trypsm This term is now, however, applied to a single enzyme m 
the group As a class, these enzymes are similar in that they all catalyze 
the hy droly tic sphtting of the peptide bond They differ from one another 
in such respects as the type of peptide linkage required for activity , the 
type of activation from zymogen precursors, as discussed below, the pH 
optima, etc 

Trypsin and chymotrypsm may be classified as endopepttdascs (Berg- 
mann) acting on pepttde linkages either in the central portion or the 
terminal portion of polypeptide chains By the use of synthetic peptide 
substrates, Bergmann and Fruton found that trypsin acts on peptide 
linkages containing the carboxyl group of either lysine or argimne Chy- 
motrypsm on the other hand was found to act on peptide linkages m\ olv- 
mg the carboxy 1 group of tyrosine and pheny lalamne Thus the digestive 
action of trypsm and chymotrypsm on proteins appears to inv olve the 
splitting of specific types of peptide linkages in the molecule, the products 
of the action, being, as with pepsm (see p 3G4) either low-molecular- 
weight polypeptides or free ammo acids, depending upon the location of 
the peptide linkages acted upon There is some evidence of a synergistic 
action of these various endopeptidases, the action of one may uncover a 
linkage previously inaccessible to another 

Trypsm has its greatest activity at pH S to 9, the optimum pH de- 
pending somewhat on the nature of the substrate It has some action in 
weakly acid solution In acid solutions it resists temperatures near the 
boiling point, the denaturation that occurs being rapidly reversible on 
cooling Try psm is fairly stable in acidities as high as pH 2, but is digested 
by pepsm in acid solutions 

The enrboxypoly peptidase activity of pancreatic juice is doubtless 
due to a mixture of enzy mes, of which only one has been crystallized (Tig 
97) Carboxv poly peptidase is an example of an exopepltdase It catalyzes 
the splitting of a peptide linkage involving the ammo group of an ammo 
acid whose carboxyl group is free, i c , not combined m peptide linkage 
with another ammo acid The action of carboxy polypeptidase is thus 
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ordinary i wald meal be fed and bile in anj considerable quantity be found throughout 
the entirp course of d gc«tion it may indicate pall ologicsllj , a rtenoiii below the 
le\el of the common bile duct Tie presence of bile is indicated b> a jel)owi«h or 
greenish color of the specimen c! angmg to a bright green on standing 
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As soon as the food mixture leaves the stomach it comes into intimate 
contact with the bile and the pancreatic juice. Since these fluids are alka- 
line in reaction and have high buffering qualities, there can obviously be 
little further peptic activity after they have become intimately mixed 
with the chyme and have neutralized most of the acidity previously im- 
parted to it by the hydrochloric add of the gastric juice. The pancreatic 
juice reaches the intestine through the duct of Wirsung which usually 
joins with the common bile duct before opening into the intestine near 
the pylorus. 

STIMULATION OF PANCREATIC SECRETION 
Secretin and Pancreozymin. Prior to the work of Bayliss and Star- 
ling in 1902 it was believed that substances in the intestine stimulated 
pancreatic secretion through local reflexes from the intestine to the pan- 
creas. Tliis view was based on the observation that the introduction of 
acid into the intestine was followed by secretion. Bayliss and Starling, 
however, observed that introduction of acid into a jejunal loop which had 
been denervated as far as possible still induced secretion. This indicated 
that the exciting agent acted by way of the blood. Injection of acid di- 
rectly into the blood did not affect secretion, which must therefore be 
" induced by some substance given off from the mucosa. A substance capa- 
ble of stimulating secretion by intravenous injection could be extracted 
from the intestinal mucosa by acid but not by water. Apparently the 
mucosa is stimulated by the acid of the gastric chyme to liberate secretin 
which passes by way of the blood stream to the pancreas causing it to 
secrete. This view has been confirmed by many observers, and most 
clearly by Ivy, Barrel, and Lueth, who found acid applied to transplanted 
intestinal loops to cause secretion in the transplanted pancreas. The fact 
that secretin is more readily extractable from the intestinal mucosa by 
acid than by neutral solvents was interpreted by Bayliss and Starling to 
mean that the hormone exists in the mucosa as prosecretin. It seems more 
likely, however, that secretin exists preformed and that the acid chyme 
serves to release it from its adsorbed state on the colloidal components of 
the mucosa. 

Secretin was the first hormone to have its function clearly established. 
Tests on the purest secretin preparation so far obtained show it to be a 
polypeptide, with generally basic properties. Edman and Agren have 
demonstrated the existence of 15 (or 10) amino acids in secretin, and 
393 
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confined to the term, ml portion of n poljpcpt.de chum If the if™ <* 
boxyl group is blocked, ns 1.J the formation of tin ester, the enzyme 
comes ineffective Carbovy polj peptidase has n pH optimum around 
Activation OF Till MN and CiiiuoTiiirsiN Pancreatic juite obtmn 
from a fistula commonlj slious no net, on on proteins On entrance in 
the intestine the juice immediatelj becomes netnc Apparent J P 
and rhymotrypsm as found in the pancreas and as secreted by that R “ 
exist not as such but as proenzymes called trjpsmogcn and chymo m 
sinogen These proenzymes have been obtained by Northrop and a 
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in crystalline form and show protein characteristics Trypsin appears to 
be normally activated by the substance enlero J inase secreted by the 
intestinal mucosa Kunitz has clearly demonstrated that enterokinase 
acts on trypsinogen enzymatically Furthermore it should be noted that 
crystalline trypsinogen (Fig 98) can be activated by traces of trypa® 
the activation increasing m rapidity as more active trypsin is formed 
In less pure trypsin preparations activation appears to be slowed up b> 
the presence of an inhibitor which has been obtained in crystalline form 
and appears to be a polypeptide Strong salt solutions may also actuate 
trypsin 

Chymotrypsinogen is apparently activated by active trypsin Entero- 
kinase thus does not activate chymotrypsinogen directly but indirectly 
through its action on trypsinogen 

Pancreatic Amylase. This is an amyl oly tic enzyme or more probablj 
a mixture of enzymes, which possesses somewhat greater digestive power 
than salivary amylase As its name impbes its activity is confined to the 
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starches and similar compounds, and the products of its amyl oly tic 
action are dextrins and, ultimately, maltose. 

It is probable that the saliva as a digestive fluid is not absolutely essen- 
tial. The salivary amylase is destroyed by the hydrochloric acid of the 
gastric juice and is therefore inactive when the chyme reaches the intes- 
tine. Should undigested starch be present at this point, however, it would 
be quickly transformed by the active pancreatic amylase This enzyme 
is not present in the pancreatic juice of infants during the first few’ weeks 
of life, indicating that a starch diet is not normal for this period. 



Meyer and co-w r orkers* have reported that pancreatic amylase appears 
to be identical w ith salivary amylase They prepared crystalline amylases 
(see Tig 74, p. 308) from hog pancreas, human pancreas, and human 
saliva, and compared them to ascertain whether enzymes of similar action 
from different glands of one species are more alike than corresponding 
enzymes from the same gland of different species. In all respects the tw o 
human amylase preparations were indistinguishable, and different from 
that of the hog pancreas. 

Pancreatic amylase possesses protein properties. It requires ions such 
as Cl~ or Br~ for normal activity’, and its optimal pH ranges from G3 
to 7 .2 in the presence of different neutral salts. 

It has been shown that pancreatic amylase will digest raw starch The 
raw' starch of corn and wheat may be completely’ digested and absorbed 
by normal adults in amounts of more than 100 g. per day’, whereas the raw 
potato starch is about SO per cent available. 

Pancreatic Lipase. This is a fat-splitting enzyme. It has the power of 
splitting the neutral fats of the food by hydrolysis, into fatty’ acid and 
glycerol. A typical reaction would be as follows: 


* Slejer, Fischer, Bernfeld, and Duckert: Arrh. £\oehem , 18, 203 (191$). 
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C ’ H S H,,) ‘ + 3H, ° " ’SS 11 + c "' 

Pancreatic I.paae is ,er, unstable and » easily rendered inert byte 


action of acid Tor this reason it is not possible to prepare an « 
It., mp » pnt.isfnr.torv fat-splitting power from a pancreas which has 


having a Fatisfactorv fat-spl.tting power from a pancreas wn cn n^ 
removed from the organism for a sufficiently long time to have be 


acid in reaction „„ 

Fodor 5 has reported that, in addition to lipase, hog pancreas con 
monovalent alcohol esterase Although the different activities haven _ 
yet been localized in separate protein fractions, the tngly ccnde-sp 
activity is generally more resistant to heat, alkali, and trypsin 


the esterase activity , 

Pancreatic lipase is undoubtedly the most important fat-splitting 


zyme in the digestive tract In the absence of pancreatic lipase, for van 
pic, when the pancreatic duct is obstructed by disease, the fat ol tne^ ^ 


appears in the undigested form in the feces, this condition w^nown^a* 


steatorrhea The enzyme is water-soluble and presumably a P r0 ' 
although sufficiently pure preparations to prov e tins have not as yet |) 
obtained, nor has the enzyme been crystallized Its optimum pH is a 0 
7 The action of the enzyme on fats is obviously dependent m 
measure upon the surface of fat av ailablc, thus the more highly cmulsin 
the fat is, the more surface is exposed to the aqueous phase containing 
the enzyme, and the more rapid is lipase action Emulsification of ‘ ata ' 
the digestive tract is facilitated by the presence of bile, because of * 
lowering of surface tension brought about by the bile salts (6cc Chapte 
18) The bile also aids in fat digestion by facilitating removal of the en 
products of lipase action It is believed by some that the bile actually 
activates pancreatic lipase, it appears more probable that the acceleration 
in lipase activity in the presence of bile is due to physiocochcmical action 
by the bile salts in facilitating closer contact between the watcr-solub 
lipase and the fat globule 


PREPARATION OF AN ARTIFICIAL PANCREATIC JUICE 

After removing the fat from the pancreas of a pig or sheep, finely divide the 
organ by means of scissors and grind It In a mortar If convenient, the 0*« 
of an ordinary meat chopper Is a very satisfactory means of preparing the 
pancreas 

When finely divided as above, the pancreas should be placed In a 500 *** 
flask, about 150 ml of 30 per cent alcohol added, and the flask and content* 
shaken frequently for 24 hours (What Is the reaction of this alcoholic e,tT * C - 
at the end of this period, and why?) Strain the alcoholic extract through 
cheesecloth, filter, nearly neutralize with potassium hydroxide solution, 
then exactly neutralize it to litmus with 0 5 per cent sodium carbonate 

PRODUCTS OF PANCREATIC DIGESTION OF PROTEIN 

Into a 250 ml flask Introduce 20 g of casein, 10 ml of the artificial p* p 
crea tic iulce prepared as described above, and 100 ml of 1 percentaodlumca r 
bonate Allow to digest at 40° C for 8 to 10 days with the addition of a 
milliliter s each of chloroform and toluene, the flask being stoppered 


* Fodor Arch Biochem 2b 307 (1950; 
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cotton. As the chloroform and toluene evaporate they must be renewed. 
Heat the mixture to boiling, and at the boiling point add acetic acid drop by 
drop until the mixture is acid in reaction. Cool and filter. 

To 5 ml. of the filtrate add bromine water drop by drop. Note the develop- 
ment of a pink color which disappears in the presence of an excess of the 
reagent. This reaction indicates the presence of tryptophan. 

To another 5-ml. portion of the filtrate add 10 drops of concentrated sul- 
furic acid and 10 ml. of a 10 per cent solution of mercuric sulfate in 5 per cent 
sulfuric acid. After mixing and allowing to stand for a few minutes, filter off 
the yellow precipitate which forms. This is an Impure mercury compound of 
tryptophan. 4 Filter off the precipitate, reserving the filtrate, and wash the 
precipitate on the filter paper thoroughly with several small portions of 
water. 

To small portions of the precipitate apply the Hopkins-Cole, xanthoproteic, 
and Millon tests. Tryptophan gives a positive reaction with the first two of 
these tests and is responsible for the Hopkins-Cole reaction as applied to 
protein. 

Test portions of the filtrate from the mercuric precipitate by the Hopkins- 
Cole, xanthoproteic, and Millon reactions Tyrosine responds to the latter 
two tests. 

To the remainder of the original filtrate add a few drops of ammonia 7 
(enough to make it slightly alkaline) and evaporate to a volume of 10 to 20 
ml., using at first a free flame and completing the evaporation on a water 
bath. Transfer to a beaker and allow to stand for 1 or 2 days. Examine micro- 
scopically the crystals which separate out. Tyrosine crystallizes in sheaves of 
needles (see Fig. 44). Leucine forms small rosettes. Apply MOrner’s reaction 
for tyrosine (see p. 138). 

GENERAL EXPERIMENTS ON PANCREATIC DIGESTION 
EXPERIMENTS ON TRYPSIN 8 

I. The Most Fa\orablc Reaction for Tryptic Digestion. Prepare five tubes as 
follows • 

a. 3 ml. of neutral pancreatic extract + 3 ml of water. pH 7. 

b. 3 ml. of neutral pancreatic extract + 3 ml. of water + 1 drop of phenol- 
phthaleln solution +05 per cent NajCO* to first faint pink color. pH 8.3. 

c. Same as (b) but add Na»CO» until the pink color no longer deepens. pH 

10 . 

d. 3 ml. of neutral pancreatic extract + 3 ml. of 2 per cent boric acid solu- 
tion. pH 5 

e. 3 ml. of neutral pancreatic extract + 3 ml. of 0 6 per cent HC1. pH 3. 
Add a small piece of fibrin* to the contents of each tube and keep them 

at 40“ C., noting the progress of digestion. In what reactions does trypsin act 


* It has been claimed that a similar y ellow precipitate forms in the presence of tyrosine 
cystine and polypeptides 

7 If the solution is alkaline in reaction owing to the presence of fixed alkali while it is being 
concentrated the amino acids will be broken down and ammonia will be liberated Ammo- 
nia in slight excess does not cause such decomposition 

1 1 or these experiments as well as for those on the other pancreatic eniy mes commercial 
preparations of try pain and pancreatm may be employ ed 

* Congo red fibrin (see Appendix) may bo used in this and the following tests on tryptic 
digestion If Congo red fibrin is used the experiments should be carried out at room tem- 
perature Also in Exp (t») and (c) phenolphthalein should not bo added, but the proper 
amount of alkali as determine*! m a separate test Buffer solutions of suitable pH may also 
be u«ed in the»e tests instead of the acids and alkalies suggested 
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and «hat I, the optimum pH? How do the Indication, of the ^en.tlon »' 
fibrin by trypsin differ from the Indications of the digestion of fibrin by 
sin? Is the same degree of swelling of the protein noted? 


2 The Most FatorabJe Temperature (For this and the following series of 
experiments under tryptic digestion use the neutral extract plus an equ 
volume of 0 5 per cent sodium carbonate ; In each of four tubes place ^ 
of alkaline pancreatic extract immerse one tube In Ice water, keep a se *° n 
at room temperature, and place a third In the incubator or water ia 
40° C Boll the contents of the fourth for a few moments, then cool and a 

keep It at 40° C Into each tube Introduce a small piece of fibrin and note 

progress of digestion In which tube does the most rapid digestion occu 
What Is the reason? 


3 Demonstration of the Action oj Enterokmasc on Trypsin 
a Preparation or Enteromnasl Grind 5 g of fresh duodenal mucosa o 
hog with a little sand Gradually add 50 ml of water during the grin a 


process Strain through cheesecloth 

A better preparation Is made by drying the mucosa From the upper tnr 
feet of the intestine of the hog scrape off the mucous membrane with a kn e 
or, better, a glass plate Shake with three volumes of acetone Let stand two 
hours Filter Wash the residue again with the same amount of acetone, the* 1 
with a mixture of acetone and ether, and finally twice with ether Dry r 

and pulverize A 1 50 extract of this powder in water may be used Th« 

powder keeps Indefinitely The enterokinase may be further purified 
b Preparation of Klnasd-fkee Trtp«ln Solution Immediately after kill' 0 * 
the animal grind hog pancreas In a meat chopper and dry with acetone an 
ether as in preparation of enterokinase (see above) Glycerol extracts of tn»* 
dried pancreas (1 10) may be used Kinase free trypsin may also be furtb ef 
purified 

c Demonstration or Action of Enterokinase Prepare five tubes as follows 

(1) 2 ml of pancreas extract + 5 ml of water 

(2) 2 ml of pancreas extract + 1 ml of duodenal extract + 4 ml of water 

(5) 1 ml of duodenal extract + 6 ml of water 

(4) 2 ml of pancreas extract + 1 ml of duodenal extract +4 ml of water 

(5) 2 ml of pancreas extract + 1 ml duodenal extract (boiled) + 4 ml of 
water 

Boil contents of Tube 4 for 5 minutes and cool to 40® C Keep all tubes at 
40® for 20 minutes for activation Add 1 ml of 0 5 per cent sodium carbonate 
to each tube and the same quantity (about the size of a pea) of fresh fibrin 
Shake the tubes and place at 40® C Observe frequently during the course of 

an hour Tube 2 should show the most rapid digestion Why? 


p 4 i ^ Uanti,atneDetermtnattono f Tr yP ,lcAc **^y " See Spencer s Method 

EXPERIMENTS ON PANCREVTIC AMYLASE 

1 Demonstration of Presence of Amylase in the Pancreas Into a test tube 
Introduce 5 ml of starch paste and 2 ml of pancreatic extract Shake and 
h*** 1 at 4 °° C foT 30 Divide into two parts Test one 

with Iodi ne for undigested starch and the other by Benedict s test for reduc 

** qosM.tatwel, determined by means of tb* 
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ing sugar. The reducing sugar formed by pancreatic amylase is maltose as is 
the case with salivary amylase. 

2. Quantitatne Determination of Anti toty tic Activity: Method of Will- 
stutter, Waldschmidt-Leitz, and Hesse. In this method the reducing sugar 
formed is determined bj hjpoiodlte titration. 

Into a 50-ml. cylinder (with a ground-in stopper) introduce 25 ml. of a 
freshly prepared I per cent solution of soluble starch (see the Appendix), 
10 ml. of buffer solution pH 6.8 (5 1 ml. of 0 2 M KHjPO? + 4.9 ml. of 0.2 M 
Na 2 HPO<), and 1 ml. of 0.2 N NaCI. Mix and bring to a temperature of 37° C. 
Add the enzyme solution to be tested. Mix and return at once to the bath 
Keep at 37° G. for exactlj ten minutes Then add 2 ml. of N HC1 to stop the 
action. Wash the contents of the cylinder with a little water into an Erlen- 
mejer flash. Add 0.6 ml. of 0.1 N iodine solution for each mg. of maltose ex- 
pected. Then add drop bj drop with shaking 0.1 N NaOH sufficient to neu- 
tralize the added HC1 and to change the primary phosphate of the buffer to 
secondary form (for both of which 30 ml is required) and a further amount 
1.5 times the volume of the iodine solution used. Let stand 15 minutes , 
acidify with dilute HtSO«, and titrate the excess iodine with 0.1 N thiosulfate. 
The iodine taken up by the starch and the enzyme solution is found in a con- 
trol determination. One ml. of 0 t N I is equivalent to 17.15 mg. of Ci-HjiOu 
or maltose. 

Calculation. The equation for a monomolecular reaction is 



Apply this formula to the determination above a is the amount of substrate (not 
the full 0 25 g of starch but 75 per cent of this or 0 1S75, as representing the practical 
limits of saccharification of the starch), t is the time (10 minutes) Assume the iodine 
required to be 2 29 ml and the blank determination 0 53 ml Then the iodine taken up 
by the maltose lull be 2 29 - 0 53 «= 1 76 ml of 0 1 N I, equivalent to 0 0302 g of 
maltose, and 

To'° S 0 .875 -o'o SK- 00076 

This reaction constant expresses also the number of units of am>Iasc in the amount of 
amjlasc preparation used The unit of amylase is 100 times the amount required 
under the given conditions to give a constant of 0 01 This is approximate!} the 
amount in 2 eg of dned pancreas The am}Iol}tic strength of a preparation maj be 
expressed in units per eg For plant amylase a buffer of pH 5 should be used For 
accurate work the amount of enzjme used should be such as to give a constant of 
0 01 — 0 03 or hjdroI}sis of not over 40 per cent of the substrate 

EXPERIMENTS ON PANCRE VTIC LIPASE 11 

l. Influence of Bile on Action of Lipase Prepare five test tubes as follows 

a 0 5 ml of olive oil +5 ml. of neutral pancreatic extract 4-4 5 ml. of 
water. 

b. 0.5 ml. of olive oil 4- 9 5 ml of water. 

c. 0.5ml. of olive oil 4- 85ml ofvvatcr 4- 1ml ofblle. 

d. 0.5 ml of olive oil + 5 ml. of neutral pancreatic extract 4-3 5 ml. of 
water 4- 1 ml of bile 

e. 5 ml. of neutral pancreatic extract 4- 4 ml. of water 4* 1 ml. of bile. 


** A vegetable lipase preparation maj be made ni <lc*cnh<d or? p 331 
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Shake the tube, thoroufShly, add a drop of toluene .. 
them In an incubator or water bath at 40 C. for 24 hours. Aj * , h 0 05 ji 

period add a drop of phenolphthalein to each tube and t Urate with 0 
NaOIl to a permanent pink color. Shake the tube r „ nten ts of 

Record the amount of 0.05 N alkali necessary to neutralize the content 
each tube. Which tube required the most? Why? 


2. Litmus-milk Test. Into each of two test tubes Introduce 10 ml. of tn 
and a small amount of litmus solution.** To the contents of one tube ac i 
ml. of neutral pancreatic extract 11 and to the contents of the other tu 

3 ml. of water or of boiled neutral pancreatic extract. Keep the tunes 
40° C. and note any changes which may occur. What Is the result and n 
you explain It? 

3. Copper Soap Tell for Lipase. Prepare a 2:100 afiar-acar .olutlon, mil 

with an equal volume of 5:100 starch paste, incorporate in this mass a o 
1/40 of its volume of the neutral fat desired (butter, lard, etc.), heat with con 
stant agitation until a homogeneous emulsion is produced, pour Into a F* 
dish, and cool rapidly. With a fine plpet distribute on the surface of » 
solidified mass small drops of the liquid to be tested, keep 1 hour at 38 • 

pour a saturated aqueous CuSO< solution over the surface, allow to stan 
minutes, and rinse with UtO. The presence of lipase Is shown by the appeat 
ance of beautiful bluish-green spots. These are copper soap. The addition o 
the starch, which is not Indispensable, produces a rather white opaque bac 
ground against which the spots appear very distinct. 


4. Ethyl Butyrate Test. Into each of two test tubes Introduce 4 ml. 0 
water, 2 ml of ethyl butyrate, CJIiCOO Cillt, and a small amount of litmus 
powder. To the contents of one- tube add 4 ml. of neutral pancreatic extract 
and to the contents of the other tube add 4 ml. of water or of boiled neutral 
pancreatic extract. Keep the tubes at 40® C. and observe any change which 
may occur. What Is the result and how do you explain It? Write the equation 
for the reaction which has taken place. 


5. Quantitath e Estimation of Lipase Met hod of Wills tatter , WaldschtnW' 
Leitz, and Memmen. A constant degree of activation is obtained by the add!* 
tion of albumin and calcium salts. An adsorption compound fat-Ca oleate- 
albumln-llpase very favorable to lipase action is believed tobeformed. 

Into a wlde-mouth 30-mi. flask with a ground glass stopper, introduce the 
enzyme preparation made up to 10 ml. with water, then 2 5 g. of olive oil and 
2 ml of buffer (0 66 ml. of N NH.OII + 1.34 ml. of N Nil, Cl) and 0.5 ml 
2 per cent CaCl,. Shake a little and add 0 5 ml. of 3 per cent albumin solution- 
Shake by hand uniformly and strongly for 3 minutes to get a stable charac- 
teristic emulsion. Put in a thermostat at 30® C. for 57 minutes (total time of 
lipase action 60 minutes). Wash Into an Erlenmeyer flask with 96 per cent 
alcohol to make a volume of about 125 ml. Add 20 ml of ether and mix. This 
stops lipase action. Add 12 drops of 1 per cent solution of thymolphthalein 
and titrate with 0.1 N alcoholic KOII to a distinct blue color. From the read- 
ing subtract the titration value of the buffer (13.4 ml of 0 1 N KOH) and of 
the enzym e solution A lipase unit Is the amount required under the specified 

tamiSZStoiirSil '“’’I' T* 1 £ T " P™P*" ■* 1 part °! powd.rrf 

»• Commercial pancrtatin may be used u> this test if desired 
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conditions to split 24 per cent of 2 5 g of olive oil of a saponification value of 
185 (meaning that 1 g. of the olive oil completely hydrolyzed requires for 
neutralization 185 mg. of KOH) 

Calculation One ml of 0 1 N IvOH = 5 61 mg of KOH If 12 5 ml of 0 1 N 
KOH (corrected for control) v\ ere required 12 5 X 561 = 70 6 mg of KOH Then 

*9^ = 15 1 per cent split If the splitting is more than 24 or less than 10 

lb5 X 2 5 

per cent repeat Ten per cent decomposition bj pancreatic lipase corresponds to a 
lipase value of 0 028, and 24 per cent to 1 0 Add to 0 28 an amount of 0 044 for each 
per cent of decomposition above 10 and up to 24 If using other than pancreatic Upase 
or if other conditions are altered a special curve of variations of percentage hjdroljsis 
w ith different amounts of enzyme must be plotted from experimental data obtained 
using the enzjme in question Concentration of lipase may be expressed as units per 
eg of substance 
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The digestnc processes earned out bj the enzymes of the pancreatic 
juice occur within the lumen of the intestine It is probable that peptic 
digestion al«o continues in the upper part of the duodenum until the 
acid ch> me has been neutralized bj the pancreatic and intestinal juices. 
However, wo «hail consider in this chapter only those digestive processes 
which are effected by enzymes secreted in the intestinal juice («uccus 
entcncus) and tho«c present in the intestinal mucosa 
The intestinal juice 13 most abundant in the duodenum and jejunum 
and is of two ty*pes (a) a secretion poor in enzyme content but rich in 
mucin which is produced periodical^ at about two-hour internals, and 
(6) a digesti\e juice which is secreted in response to a meal, probably 
through mechanical stimulation of the intrinsic ner\es of the intestine. 
A hormone enlerocnnin, liberated by the mucosa in response to a meal, 
maj be concerned in stimulation of the intestinal glands 

The reaction of the intestinal contents is influenced by the state of 
digestion and the relatne \olumes of acid chyme, pancreatic and m 
tcstinal juices, and bile present in any gnen segment of intestine The 
reaction of the small intestine contents is frequently acid, and the pH « 
usually considerably lower than that of the intestinal juice Intestinal 
collected at inters als from the jejunum through the colon con 
T T centrat,on3 of cations, but progressively higher 
° f b ‘ carbonate and Io "er concentrations of chlonde Thus 
infesting W *** 0U3 are more alkalj ne in the lower reaches of the 

adSn 'm “I ‘ h ° mfes ! ,ne are ° f great importance, since their 
action, in some ca«es, «upplements that of other digestive enzymes 

(1) nenMlue/ram 15 f other *S»tn e reactions The enzymes include 
Jd dlpep,ldas -)- < 2 > Myirau* 

inclinlmir n nnnnuin fi t ase ' ’ W enzynnes acting on nucleic acid» 
(4 )lecithinaze Some of these enzyme* 
actuaUy present in the mtestmal juice, or occur there in only 
nucleosidase °* sut * enzymes are lactase nucleotidase and 

the rnuco7c(Ula^nr . ^ e ' ert thwr action at the surface of 
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catalyze the splitting of the peptide linkage adjacent to the end of poly- 
peptide chains bearing the free amino group The products are a free 
ammo acid and a polypeptide of low er molecular w eight These enzy mes 
supplement the effect of carboxy polypeptidases of pancreatic juice which 
have their site of action at the carboxyl end of the polypeptide chain 
Complete hydrolysis of polypeptides may be effected by ammopolypep 
tidases, since they slowly hydrohze synthetic dipeptides, but this result 
is better accomplished by the dipeptidases Some structural specificity 
is undoubtedly involved m aminopolypeptidase action, thus leueylpep- 
tidase in hog intestinal juice is especially aeti\ e m hydroly zing peptides 
containing leucine as a terminal amino acid 

Dipeptidvses The dipeptidases have relatively little action on 
polypeptides, but split dipeptides rapidly 

The combmed activity of aminopolypeptidases and dipeptidases was 
once attributed to a single enzyme called erepsirt This name is now used 
only as descriptive of the over all results of these enzymes Erephc 
enzymes are found not only in intestinal mucosa but in other plant and 
animal tissues as well None of these enzymes has been crystallized 
Since theereptic enzymes (and carboxypolypeptidase) act only on peptide 
linkages adjacent to the end of a polypeptide or peptide chain, they are 
referred to as exopcphdases to distinguish them from pepsin and the 
tryptic enzymes which act on centrally located peptide bonds Through 
the combmed action of all these enzymes, protein is finally hy drolyzed to 
mdiv idual ammo acids 

Carbohydrases. Sucrase The three carbohy drases sucrase, maltase, 
and lactase are also important enzymes of the intestinal mucosa The 
sucrase acts upon sucrose and inverts it with the formation of glucose and 
fructose Sucrases may also be obtained from sev eral v egetable sources 
Tor im estigational purposes sucrase is ordinarily obtained from yeast 
(see p 331) Intestinal sucrase has an optimum pH of 5 to 7, yeast 
mv ertase acts best at pH 4 o 

L vctase This enzyune splits lactose with the consequent formation of 
glucose and galactose Freshly prepared suspensions of intestinal mucosal 
tissue are much more active than water extracts, or the intestinal juice, 
indicating that the activity is intimately associated with the mucosal 
cells The optimum pH for intestinal lactase is about 5 4 to G 0 

Mvltvse This enzyme possesses the power of splitting maltose, the 
end product of the digestion of starch by amylase, into glucose Maltase is 
best prepared from yeast Its optimum pH is G 7 to 7 2 

Nucleases A polyjiuclcotidase m intestinal juice results in the depoly - 
mcrization and break up of nucleic acid to nucleotides The nucleotides 
are then hydrolvzed by a nucleotidase (a phosphatase) to give punno and 
pvnmidtnc nucleosides and phosphoric acid A nucleosidase decomposes 
the purine nucleosides to the purine base and nbo^o (or deoxvnbosc) 
The p\ rimidme nucleosides are absorbed unchanged but are decomposed 
by enzymes found in other organs The intestinal phosphatase responsi- 
ble for the hy drolv sis of the phosphoric acid ester linkage of nucleotides is 
nonspecific in its action, since it attacks other phosphoric acid ester sub- 
strates such as gl\ ecrophosphate and hexose phosphates A part of the 
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alkaline phosphatase activity of normal plasma is due to the intestinal 
phosphatase which has entered the blood 

Lecithinases Enzymes which hjdrolyze lecithins to \anous products 
depending upon the experimental conditions and time of action are 
present in intestinal muco«a 

Enterokmase This substance is discussed in Chapter 1G Though 
present in intestinal juice it is not a digestive enzjme but activates the 
tryptic enzymes 


GENERAL EXPERIMENTS ON INTESTINAL DIGESTION 

Preparation of Intestinal Extract Wash a piece of hog intestine about 18 
Inches long Run it through a meat chopper or, better, scrape off the mucosa 
with a knife or piece of glass Rub In a mortar with sand Add 5 volumes of 
water and a little chloroform and let stand at room temperature for 24 hours 
If necessary to expedite laboratory work the extract may be used after two 
hours Strain through cloth or loose cotton This extract may be used for the 
general experiments on phosphatase ereptic enzymes, and sucrase The 
presence of some mucosal cells In suspension Increases the enzyme activity 


EXPERIMENT ON INTESTINAL PHOSPHATASE 

Demo„,"at,on of Action of Intel, not Phoiphntosc on Nucleic Acid and 
If i7,i. C l rf Prepare a 2 per cent .olutlon of yea.t nucle.r 

n 5 ! i ,d °! i "“ dilute NaOll to make the re.ultlng ,ol» 

iSh.mil Ph.nolphthaleln (pi! 8 6) Then prepare a 2 per cent eolation of 
and mak ' ,u,t P‘ nk *» phenolphthaleln To each 
T 10 ° f ,he retract prepared as ahorc Boll 

ml of T th b , 2 d 4 ~ IOt 0 "' ,W ” mta ute, T » Tubee I and 2 then add 1» 

7 ceroohomhm C , T acW ’ olu,1 °” “ »">« 3 and 4, 5 ml of the 

isssss s? c'tVtwi rach of t,, ' ucnc a " d chworffl ,0 

of"' peV«n“ ra and an‘ nd ‘ n * Wa,er ba,h *° aon 6 ul„e Protem Add 5 nd 
“handed delete ee?d ,or W Thl, precipitate, any no 

Precipitate the nho tf ! I 3nJ ,ake aH( luots of the filtrate (about 10 ml ) 
mltturl aL s m f„7r hat ' tr , om '»' h "’“lure hy addmg 5 ml of magneda 
"T '» «*"■> orer night A heavy pr.clpl«« 
Indicating that the nhoeni, P f P S te “ ht>u,d be found in Tubes 1 and 3 

pho.ph.te ha. been liberated by C .he°pho e T'’"' ^ ‘"’i 

The control .hould .how only p “C*” ’ h ' ,n,eS,m “ 

EXPERIMENTS ON PEPTIDASES 

tlon of^pmnTtna totltubeadd T° ab ° Ut 5 ml of a 1 per ccnt * oI ° 

pared as described above Prepare a second /“i ° f * he ,ntest,nal extract pre 
peptone solution, but boll d Ube containln fi a »ke amount of 

the two tube, at 38“ Cfortwoto.h^' bef ° re deducing «t P' aC * 
the contents of each tube tn i»iit * d »y« At the end of that period beat 
nitrate In mail™ ke« “f a " d “» "■« hint., tee. on each 
filtrate sodium hydroxide and V * h ° U,d be taken *o use like amounts of 
drawing of correct conclusions ' “ ,fate ln 634:11 test In order that tbe 

which contained the boiled extrar f ^ fa ^ IUlated The contents of the tube 
biuret test owing to the peptone «tin h ° Uld * h ° W “ deep p,nk co!or w,th * h ! 

vne peptone still present On the other hand, the biuret 
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test upon the contents of the tube containing the unboiled extract should be 
negative or exhibit, at the most, a faint pink or blue color, signifying that 
the peptone, through the Influence of the intestinal extract, has been trans- 
formed, In great part at least, into simple peptides and amino acids which do 
not respond to the biuret test. To other portions of the filtrates add a few 
drops of bromine water. A violet color indicates free tryptophan and hence 
that amino acids hove been liberated. Proteinase in the extract changes the 
peptone to poly peptides. The latter are broken down bj aminopolj peptidase 
to simple peptides which under the action of dipeptldase yield amino acids. 
The action of several enzymes Is thus involved. 

2. Demonstration of Dipeptidase Using Glycyltryptophan. Introduce 5 ml. 
of glycjl tryptophan solution into each of two tubes. To one add 5 ml. of 
intestinal extract, to the other 5 ml. of boiled extract. Let stand over night. 
Add a few drops of bromine water to each. A violet color indicates free trypto- 
phan and hence the presence of dipeptidase. 

3. Quant itathe Determination of Dipeptidase. To 25 ml. of 0.05 N glycjl- 
glycine add NaOH to pH 8. Warm to 37° C. Add enzyme solution. Carry out 
a formol titration on an aliquot at once (control) and repeat at intervals 
Choose a determination representing less than 30 per cent digestion. Calcu- 
late k In: k ■= (1//) ■ log a/[a — x ). Activity equals kjg enzyme preparation. 

EXPERIMENTS ON CARBOHYDRASES 

1. Demonstration of Sucrose. To about 5 ml. of a 1 per cent solution of su- 
crose, in a test tube, add about 1 ml of intestinal extract, prepared as de- 
scribed above, and a few drops of chloroform. Prepare a control Tube in which 
the Intestinal extract is boded before being added to the sugar solution. Let 
stand for 24 hours. Heat the mixture to boding to coagulate the protein 
materia], filter, and test the filtrate by Benedict’s test (see p. 66). The tube 
containing the boiled extract should give no response to Benedict’s test, 
whereas the tube containing the unboiled extract should reduce the Bene- 
dict’s solution. This reduction Is due to the formation of glucose and fructose 
from the sucrose through the action of the enzyme sucrase which i3 present 
in the intestinal epithelium. 

For the preparation of vegetable sucrase see p 331. 

2. Demonstration of Lactase and Maltose. Repeat the above experiment 
but use 1 per cent solutions of lactose and maltose Is there any evidence of 
lactase and maltase activity? 
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Secretion of Bile The bile is secreted continuously by the li\cr and 
passes into the intestine through the common bile duct which opens near 
the pjlorus This process is continuous even during prolonged fasting 
pro\ idea there is no obstruction The ingestion of food, how ever, increases 
the secretion Meat is effective m this respect fat less go and starch and 
sugar appear to be without effect 

Introduction of acid into the duodenum stimulates bile formation sug 
Vi at w rc5 P° nsible However, injection of secretin prepa 

tlirnf m. !, lcad ; nK to a co P IOUS secretion of pancreatic juice m one to 
r Pr ° duCCS a much lighter secretion of bile and then on!) 
action oi ti* m u lUtCS L, « at,0n of thc Pancreatic vein prevents thw 

of the nanuiw J Cr ’ hence ,i t ,s 8u 8gcstcd that some metabolic product 
oi me panen as is responsible 

° f the Gallbladder. There appear to be at 
volvcs thc contraction of thViiSh judder emptying One of these "* 
sphincter of Oddi at the enlrntf , f Ia ^ der and Hie other the tone of the 
liar Cream or eg* ‘oik th ? *»'« duct ,„to the.nt« 

>* indue inR an actnc contraction Ti'h™ 8 th ° ‘=’ allll,!uldcr apparently 

h> a relaxation of the sphincter li lhlS 0rgan » P™bably accompanied 
the free fatt> acid liberated on at . 1 10 8 f me t,m e The active agent W 
of fruits and thc gastric acid bate 'tT ° f the,C food,! The or E onK: aC 't 
choices stitLS fats acid fruits ami me ' 1 ° In c!1 ' ,e, of acul 

Ml tin stomach should therefore 1*. r l‘’ ", hlc!l stl ™ulate acnl secretion 
food. Die col, tract, 01 , t |s apnarcntK < | Ur,< *'!“ dlcl h ' m of ccn *' 

from tin mtcstmnl mucosa of Shor^Lo T’ ' 1 ° >0,lt thrt " 1Kh ll, * rn,,0 1 a 

nst ure 11 not \<t determined \t. 1(F ° nC cbole cj stohmin whose chemical 
cauung a dilation of the pphmcter ,US,Um “ ulfate P r( >motes evacuation b> 

functions of the Bile t ■ 

a, 11 as ft si i ret ion b, ih, fulfillmi. ‘ ,0 ^ ■upon the bile ns an cvi rctioti a, 
Midi Milr.tnoc.-s ns 1, colon mi i ii '' " ruc.retor} function it pas-^" 1 
coinp I-Ition proiliii t. Of hem, i Illc ™ n >pmi"«h cholesterol mill the <l<- 
aid. m rt moving th. rn from '" t0 1,11 and in this »»' 

raatc-iallj . , the d .' iTaiid T’""'"' bile as if 

U'6 stion «„d absorption of fat, from thc intestine b) 
•» 403 
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its emulsifying action on tbe fats of the diet and by facilitating the ab 
sorption of the fatty acids formed by the action of the pancreatic juice 
A decreased appetite for fats has been shown m rats after the ligation 
of the common bile duct A further important function of the bile is to 
aid in the absorption of vitamin K Symptoms of \itamm Iv deficiency 
frequently accompany the absence of an actn e secretion of bile into the 
intestine 

Composition of Bile. The bile is a ropy , \iscid fluid which is alkaline 
in reaction (pH 7 8) when it issues from the h\ er T and ordinarily pos- 
sesses a decidedly bitter taste It \ anes m color m the different animals, 
the principal v ariation being y ellow, brown, and green Fresh human bile 
from the living organism ordinarily has a yellow brown or golden yellow 
color Post mortem bile is \ anable m color It is \ ery difficult to determine 
accurately the amount of normal bile secreted during any giv en period 
For an adult man it has been vanously estimated at from 500 ml to 
1100 ml for 24 hours The specific gravity of the bile vanes between 
1 010 and 1 040, and the freezing point is about —0 56° C As secreted by 
the liver, the bile is a clear, limpid fluid which contains a relatively low 
content of solid matter This secretion has a specific gravity of approvi- 
mately 1 010 After it reaches the gallbladder howev er, it becomes mixed 
with mucous material from the walls of the gallbladder and this process 
coupled with the continuous absorption of water and certain other com 
ponents from the bile has a tendency to concentrate the secretion There- 
fore the bile as we find it in the gallbladder ordmanlv possesses a higher 
specific gravity than that of the freshly secreted fluid The specific 
gravity under these conditions may run as high as 1 i HO There is a de- 
crease in inorganic salts owing to absorption, while the concentration in- 
creases the content of organic substances E\ en though it is concentrated 
in the gallbladder, the bile remains practically isotonic with the blood 
because the increased content of high-molecular weight bile salt ions is 
accompanied by a decrease in chloride and bicarbonate ions The pH of 
bladder bile may' fall as low as G, as compared to the definitely alhabne 
reaction of fistula bile 


Selected Analyses Illustrating the Composition 
op Human Bile 
(parts per 1 000) 


Constituent 

Ftslula Bile 

Blad ler Btle 

VV liter 

' 9 iG 0 

SCO 0 

Solids 

21 0 

140 0 

Bile acids 

5 7 

51 7 

Mucin and pigments 

S 0 

11 1 

Total lipides 

2 9 j 

IS S 

Fattj acids 

0 8 ! 

8 o 

Neutral fat 

0 s 

1 5 

Cholesterol 

o s 

5 7 

Phospliatides 

0 5 

2 2 

Inorganic matter 

7 -1 

S 5 
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The principal organic constituents of the bile are the salts of the Me 
acids, bile pigments, neutral fits, lecithin, phosphatide^, nuclcoprotem, 
mucm, and cholesterol Inorganic constituents include chiefly sodium 
chloride, and bicarbonate, some potassium, calcium, magnesium, ana 
sulfate and a trace of phosphate The metals iron, copper, and zinc are 
ilso frequently present m detectable amounts The bicarbonate conten 
of hepatic bile is higher than that of serum, the chloride content of bile W 
loner than that of serum, the chloride ion being replaced largely by the 
organic bile salt ions 

Ihe quantitative composition of bile \anes according to the source of 
the bile, 1 e , whether the bile for analysis is obtained from the gallbladder 
or by means of a fistula before it reaches the gallbladder The difference 
m the composition of these two types of bile is shown in the table of 
selected analyses on p 409 

Bile Acids. The bile acids arc elaborated cxclusix ely as far ns is known 
by the hepatic cells of vertebrates They may be di\ ided into two groups 
(1) the glycochohc acid group and (2) the taurocholic acid group 1° 
human bile glycochohc acids predominate, while taurocholic acids are 
more abundant in the bile of carnivora The glycochohc acids arc com 
binations through peptide linkage of bile acids and glycine, NIIj CH*' 
COOH The taurocholic acids arc similar combinations of bile acids with 
taurine , Nllj CHj CIIj SO»H Taurine is evidently derived in the body 
from cysteine 


There are several varieties of bile acids, and therefore there are sei 
forms of glycochohc and of taurocholic acids, depending upon the nature 
of the bile acid entering into tho combination The principal bile acids are 
(1) chohc acid, CnHwOi \uth three hydroxyl groups, (2) deoxycholic 
l ,"° Mroxyl groups, (3) anthropodeoxycholic acid 
and (4) hjodeoxycholic acid which are isomeric with deoxycholic acid 
ncVd p E t°t" n m P? 3111011 of one hydroxyl group, and (5) lithocholu 
the fiS* th™ ‘ '!' 1 Il Ch haS V nBle h > drox y 1 group Human bile contains 
amd tfone ™ ‘tT m Portion of about three parts of chohc 
Me contmn. °, deoxych ° bc some anthropodeoxycholic acid Ox 
„ ab ° u f 0 P a tts P er 100 of cholic acid and about one-eighth 

as much deoxycholic acid Hyodcoxycholic acid is found in hog bde and 

bde of 'the yC uo°ose aCl 1 (, . de " t,cal " ,th anthropodeoxycholic acfd) m the 
bile or the goose and -hicken The cholic acids are closolv related m 

teml or re one C of its pr ° babl >’ fo ™ed in tho body from choles- 

talis “xy',r„,wtl pr ~ *• the 8lructural 



Ch°"c add (3,7,1 2 Trihydroxycholanlc acid) 
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CH» 

in cn,cn,cooH 
OH CH.I 


n KJ\) 

Deoxycholic acid (3,12-DihydroxychoIanic acid) 

The bile acids are present in the bile largely as sodium salts. The 
sodium glycocholate and taurocholate may be isolated in crystalline form, 
either as balls or rosettes of fine 
needles or in the form of prisms 
having ordinarily four or six sides 
(Fig. 99). The bile salts are readily 
soluble in water. The free acids are 
slightly 7 soluble in water but read- 
ily soluble in alcohol. 

The bile acids have the property 
of combining with fatty acids to 
form compounds which have been 
called! choleic acids These are 
coordination compounds, the 
molecules being j oined throughsec- 
ondary valences. Fatty acids con- 
taining 16 or more carbon atoms 
combine with 8 molecules of bile 
acid; the lower fatty acids, with 
from 6 to 1 molecules. These compounds are soluble and diffusible in alka- 
line or slightly acid solution. For this reason, and because they markedly 
lower the surface tension in solution and thus promote emulsification, the 
bile acids greatly assist in the digestion and absorption of fat in the intes- 
tines. Through similar combinations they likewise assist in the absorption 
of cholesterol, fat-soluble vitamins, carotene, and other substances. They 
are also responsible for holding the cholesterol of the bile in solution. 

There is considerable evidence that the bile acids are used over nnd 
over again by the body. After secretion into the intestine, that fraction 
of the bile salts which is reabsorbed as choleic acid complexes is liberated 
in the intestinal mucosa. The bile salts set free, as well as any which have 
been absorbed as such, are carried to the liver in the portal circulation, 
where they' become available for resccretion in the bile. This has been 
called the cnterobepatic circulation of the bile salts. It is presumably' 
responsible in part for the marked stimulatory (choleretic) power of the 
bile salts themselves over bile flow from the liver, since when the bile 
salts reach the liver they' provide that organ with a readily' available 
supply' of a major constituent of the bile itself. 

I*H- r>: ^ T'k» nlfmAntc nf n«xr*vtnl Kiln orn l_:i: 
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as ox bile is due to biliv erdin Other types of bile like human bile com- 
monly show the yellowish-brown color of bilirubin (Fig 100) Modifica- 
tions of these pigments may be found in gallstones or in altered bile 
The bile pigments result mainly from the breakdown of the hemo- 
globin of the red cells, a consideration of the structures of the bile pig* 
ments (p 413) mdi cates that they are denv ed specifically from the heme 
portion of hemoglobin (see Chapter 22) Other heme derivatives in tbe 
bodj — such as catalase, the cytochromes, etc — maj contribute to a 
certain extent to bile pigment formation The formation of bile pigment' 
has been shown to be a property of the cells of the reticuloendothelial 
system Since these include the Kupffcr cells lining the intralobular 
capillaries of the liv er, a part of t e 
^ bile pigments is produced in the liver 

& r Other important sources are the 

spleen, lymph nodes, and bone mar 
^ - row \Vhcrev er extrav asation of blood 

x* occurs, e g , following brui c es, a con- 
version of blood hemoglobin to hue 
Q pigment slowly takes place This con 

version is apparcntl} going on even m 
normal red cells, since small amount* 
of bile pigment have been isolated 
^ from thLs source , 

Fir 100 Bilirubin (Ocden ) The first step in the formation 

bile pigments appears to involve a® 
oxidative session of the porphyrin nng, to produce carbon dioxide and 
an open nng compound In this process the iron is not necessarily lost 
from the molecule, nor docs the open nng compound lo«e its affinity f» r 
globm One such compound of globin and an open nng iron porpbynn 
deniable is called choleglobm, b 5 analogj to hemoglobin, aDd other 
compounds analogous to those found in the field of heme chemlstO 
knov, n In general these pigments are green in color (hence the names 
' erdohemin, lerdohemoglobm, tcrdohomochromogen, etc ) and the open 
tbat°, f t .s' P ° rphj ™ has aPParentlj rendered the iron labile, » 
TwibL t t P ,t 0tr by 8uch mcans 38 treatment mth dilute acid 
' I T ‘II b,le -P'S ment formation are obscure, apparently tbe 
and the globm become detached in some yva> to produce billy erdm, irhich 
maj then be reduced to form bilirubin 
Further stages in the transformation of bile pigments involre the ac- 

SlTSi' , 1 ' r ! In ,h 0 mtratmal luL^biirTn. undergo* 
This comTCund md “i “ r° form the ^‘ance mesobihrubuiogen. 
nh ch TSatn 1^“ 5 13 ,Urth0r reduced to form stercobihnogen, 

ment of „o™ 'l r" W ° c ? eS '°"' erted ,nto otorcobdin, the principal p.g- 
W me^hnlln™ St . erK>b ‘ I ‘" >■« been produced m the laboratory 
orn.thT^K 5 "S‘ b , a \' 0n ° f thc la,ter with nonn.il fee*, 

and stercobilin is an P ^ i ad< ? ed bde A Portion of the stercobilinogca 
ercrcto bi the l lTTn 1 “h"” 1 ’'* 1 !rom the 'nte^mal tract and rt- 
ma c fis ««etcd b ?T Bets ,nt ° th = Wood stream and ul» 

3 e5CTCtC<1 b5 " a > 01 tbo hidnejs into the urine In tbe urine 
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these two pigments are known respectively as urobilinogen and urobilin 
Considerable confusion lias resulted from the nomenclature of these com- 
pounds, at the present time it appears to be largely a question of different 
names for the same substances Normally the amounts of urobilinogen 
and urobilin in urine are rather small and obviously depend upon such 
factors as the rate of pigment production and reabsorption, and upon 
the efficiency of the h\ er m excreting the reabsorbed material Thus the 
urobilinogen content of the unne will be low in simple anemias, but high 
in diseases associated with extensive blood destruction and where li\ er 
function is impaired 

The chemical relationship betw een certain of the various bile pigments 
and their derivatives is illustrated by the following structures (Me = 
CHs, Et - CjH s ; X = CH* CH* COOH) 


Me, — iGH CHj Ma X Xi — *Me Mei - — jCH CH? 

HoU=CH. CH =1 J CH=^joH 

N NH N ft 

B iliverdm (CuIIuOiN,} 



MesobJllrublnogen (CjiH 44 0«N«) 



Stercobllinogen (Urobilinogen, CnH«tO*N<) 



Stercobllln (Urobilin, C«1I..0»N.) 


Bilirubin is insoluble in water but its alkali salts are soluble It is solu- 
ble in chloroform and somewhat in alcohol, hut verj slight/} in ether or 
benzene Bilnerdm is insoluble in water, ether, or chloroform, but solu- 
ble in alcohol The calcium salts of the pigments arc insoluble in water 
Solutions of bilirubin exhibit specific light absorption on!} at the extreme 
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blue cm! of the spectrum where the bind merges into the end ot t\t 
\ imblc spectrum and is not ordmnnlv detectable ns n diurite bind in 
the speetrostopi If nn immnmunl solution of bilirubin alkali in «» ,tr 
is treated w itb a solution of 7ine i hlnndt bow (Mr.it ►how a nn absorption 
spectrum similar to that of hiiitvnnm Wlun bilirubin is treated with 
dinzotized nulfamlu acid tins recent reitts with btlinibin to form a 
deeply colored azo dye known ns azobilirubm or nronibm Ibis reac 
tion is the basis for the \ an dm IU rgh tc *st for bile pigtm nt« and is w 0 
used m the quantitative d( ttrmm ition of inhnihm in biologic il fluids (m*c 
C hapter 2 * 1 ) 

Biliary Calculi (Biliary Concretions, Gallstones). Bilian calnili 
otherwise designated ns hilmrv com ret ions or gillstones arc frequentm 
formed m the g iHhladder lhest <!< posits may be divided into five clo. <** 
(1) cholesterol calculi (2) cholcsu rol r i!< mm ealtub (3) c bolt sterol 
i ilc mm pigment caleuli (1) e ilcium pigirn nt r drub and (">) c drub made 
up almost entirely of inorganic m iten i! I Ins 1 »st elnas of e dc ultis i* 
forme el principally of the e nrbonate and phosphate of e ale nun and « rare!' 
found in man although quite common in eittle lh< calcium pigment 
rale ulus is also found m cattle but is almost ns rare in man as them 
organic calculus This calcium pigment cdculus ordinarily consists pnn 
cipallv of hihnibin in combination with calcium bdiverdin is sometimes 
present in bmnll amount lhe cholesterol calculus is the one found mo^t 
frequently in mm Such calculi may he formed almost entirely of cholc— 
tcrol m which event their color is very light or they may contain morcor 
less pigment and inorganic matter mixed with the cholesterol which 
tend to give cnlculi of various colors 


Our knowledge of the origin of gallstones is imperfect Among the 
factors concerned may be stagnation of bile disturbances of mctaboli e m 
tr infection Cholesterol is held in solution in bile by means of bile and 
If cholesterol excretion is increased or bile salt excretion diminished 
cholesterol stones may form Prolonged stagnation of bile may work »> 
the same direction if the bile Balt concentration is reduced by their re- 
sorption from the bladder I he resorption of alkaline bile salts tends also 
to decrease the pi I of the bile and thus to reduce the solvent action of 
the bile salts on cholesterol which is greater in alkaline than in a<*id 
solutions Infection with or without stagnation prov ides abundant nucl« 
lor stone formation and chemical alterations m the bile favor the forma 
contr^.mlT Oro1 Plgmcnt stonM The impairment in the con 

u ° f h0 mUCOSa duc to ’uffammation through failure 1° 
OW .l 0n r Cn f r!lt ' 0 ? 8un ' ,crc '' l| y h'Rh may also bo a factor 

Ukcy reports the finding of gallstones in guinea p,g, being used for 

^en eholHf’ f Wf ch °'« to ° 1 <•'<*» V stoneVoccurred onlj 
cent nrotl , a *»"> added to diets containing 2o P« 

decreased ^ ' V “° f °“ n<J " hcn ,ho rlb ° na '»> concentration 


Fora discussion of cholesterol see Chapter 11, Nervous lissue 


1 Okey / oc Stw Exptl Biol Med 
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EXPERIMENTS ON BILE 2 

Reaction. Test the reaction of fresh or bile, using suitable indicator 
paper. What is the approximate pH of bile? 

. * nil* Adds Acidify 5 ml. of bile with acetic acid, drop 

. — — - -*• 

■==TE5i^;sr<:»r--“ 

times) is allowed to stand or a ™ ^ 'Jjh water and 5 per cent 

natant fluid decanted. This * diluted » f he re c ip itate of barium 

barium chloride solution is added with stirr g 1 1 ^ J0 cent 

bilirubinate does not flocculate ■«”»«» J’natam fluid is siphoned off. 
NaOH. When the precipitate settles, the 2 p . , on thc paper, dried. 

The precipitate is poured on a filter, was extracted with warm alcohol, 
and pulverized In a mortar. The powd , n alr . dr ied. The precipitate is 

followed hj ether and chloroform, an g d with per cent sulfuric 

transferred to a 50-ml. centrifuge tube, ^ alcohol, centrifuging and 
acid, and washed three times in > ! , ' is twlre trea ,ed in a flash with 

pouting off the alcohol each tune. The ' d rm evaporated, avoiding 

boiling chloroform and Altered and l th 1 1 , s rubbed into glacial 

overheating toward the end. The A™™' 1 h roce dure repeated; 

acetic acid and centrifuged, the acid tal " 4 ^™£ formi filtered, and 
the residue Is air-dried. It is tedlssol , 0 J mg .) , s brick red in color, 

evaporated to dryness. The final produ v 
free from ash, and quite stable. 

5 . Tests for BO. 

fellow), mesobdnerdin (green to bine,, and 

mesobilicyamn (blue to violet) concentrated nitric acid in a test tube, 

a Gmelin’s Test. To about 5 ml. 0 fluids do not mix. At the 

carefully add 2 to 3 ml. of diluted blle^ * ftfeeJlt b i ue> violet, red, and 

?et;,h“^; .hrtes, with different diiut.ons of biie and observe 

,,s b d rrw.Moo,_o 

“e^The p “ ,0 " “ £1Ve “ ^ Gme " n ' S 

test - „ To 5 ml of diluted bile, add 2 ml. of freshly prepared 

F.hr„\t..,”d^agem, Compare with a contra, on water a, one. In this re- 

i^or'erpcriments o„ the *“ « “ “"‘' d ° Ul “ l ’"' 

lion see Chapter 19, Intestinal Absorption 

* See Appendix. 

4 See Appendix. 
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action an azo dye is formed by a coupling reaction of bilirubin with diazotired 
sulfaniiic acid of the Ehrlich reagent This reaction is the basis for qualitative 
and quantitatire procedures for estimation of bile pigments in blood serum 
A very sensitive test for bile pigment In urine is based on its coupling with 
p nitrobenzene diazonium p toluene sulfonate. 

6 Tests for Bile Acids 

a Furfcral-HjSOi Test (Myi it s b Modification of Pfittmcoffr s Tfst) To 
approximately 5 ml of diluted bile in a test tube add 3 drops of a very dilute 
(1 1000) aqueous solution of furfural 

IIC CII 

nc & cko 

\ / 

o 

Now run about 2 to 3 ml of concentrated sulfuric acid carefully down the side 
of the tube and note the red ring at the point of contact Upon shaking the 



F jo 101 Cholesterol. 

CoutUrt Dr n A 
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d. Surface Tension Test (Hay). This test Is based upon the property that bile 
acids have of lowering the surface tension of fluids in which they are con- 
tained. The test is performed as follows; Cool about 10 ml, of diluted bile in a 
test tube to 17° C. or lower and sprinkle a little finely pulverized sulfur upon 
the surface of the fluid. The presence of bile acids Is indicated If the sulfur 
sinks to the bottom of the liquid. Prove this point by repeating the test with 
water Instead of bile. Depending on the grade of sulfur used, this test indi- 
cates the lowering of the surface tension from 72 dynes/cm. for distilled 
water to values below 52-54 dynes/cm. 

7. Crystallization of Bite Salts. To 25 ml. of undiluted bile in an evaporat- 
ing dish add enough animal charcoal to form a paste, and evaporate to dry- 
ness on a water bath. Remove the residue, grind it In a mortar, and transfer it 
to a small flask. Add about 50 ml. of absolute alcohol and boll on a water 
bath for 20 minutes. Filter, and add ether to the filtrate until there is a slight 
permanent cloudiness. Cover the vessel and set It aside until crystallization 
Is complete. Examine the crystals under the microscope and compare them 
with those shown in Fig. 99. Try one of the tests for bile acids upon some of 
the crystals, 

S. Analysis of Biliary Calculi. Grind the calculus in a mortar with 10 ml. of 
ether. Filter. 



Filtrate I. Residue I. 

I (On paper and In mortar.) 

Add an equal volume of 95 per [ 

cent alcohol 1 to the ether extract. Treat with dilute hydrochloric acid 
allow the mixture to evaporate and and filter, 
examine for cholesterol crystals (Fig. j 

101). (For further tests see p. 300.) | 

I 1 

Filtrate II. - Residue II. 

Test for calcium, phosphates, and (On paper and In mortar.) 

iron. Evaporate the remainder of the Wash with a little water, 

filtrate to dryness in a porcelain cru- Dry the filter paper, 

clble and Ignite. Dissolve the residue j 

In dilute hydrochloric add and make Treat with 5 ml. of chloroform and 
alkaline with ammonium hydroxide, filter. | 

A blue color indicates copper. { j 

Filtrate III. Residue III. 

Bilirubin. (On paper and 

(Red or yellow in mortar.) 
color) j 

Treat with 5 ml. of hot 
alcohol. ( 

Bilit erdJn. 

(Green color) 


9. Preparation of Taurine. Add 50 ml. of concentrated hydrochloric acid to 
150 ml. of bile tn a casserole. Roll the mixture in the hood down to a volume 

* The alcohol added Ikm attic it is often found that cry slalhratton from pure ether docs 
not yield typical cholesterol crystal*. 
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of about 50 ml., filter into a small evaporating dish to remove Insolub e 
material, and concentrate the filtrate by boiling or on the water bath to a 
volume of about 10 ml. Filter the hot solution through a small filter into* 
50-ml. graduated cylinder. If the volume is over 12 ml., return the filtrate to 
the evaporating dish, continue the evaporation, and filter a second time 
through the same filter. To the filtrate add 3 volumes of 95 per cent 3 lcoho , 
mix, and cool In ice water for about 30 minutes. Filter off the crystals on s 
small funnel, allow to drain thoroughly, then transfer the crystals to a test 
tube and dissolve by warming in about 3 ml. of water. Add 5 volumes o 
alcohol and allow to stand until maximal crystallization has occurred. Filter 



Fio. 102. Tacrine. Fig. 103. Glycine. (See also Fig. 3S) 


off the pure crystals, wash with 5 ml. of alcohol, and allow to dry. Make the 
following tests upon the taurine just prepared: 

a. Examine under the microscope. Compare with Fig. 102. 

b. Solubility In water and alcohol. 

f ', D ' 5 *° 1vC “ , ‘ tt,e taurlne in wa ter and test this solution for sulfate by 
adding dilute hydrochloric acid and a few drop, of barium chloride solution. 
Is any sulfate present? Boil the solution for a few minutes. Does taurine con- 
* Ulf f‘ e < sulfate hydrolyzable by acid)? To another portion 
of taurine solution add sodium hydroxide, a few drops of lead acetate, and 
boil. Is any lead-blackening” sulfur present? 

notksrium nitwit «f Ur ! nC ‘V P ° rC€,ain "ucible with sodium carbonate- 
fess c^l dU^ve ra 0 : When ^e crucible contents are color- 

into aTe« ube a^ U , k ^ add,ti ° n ° f di,ute hydrochloric acid, 6Uef 
XVhJZ th* - hanum chloride solution. What happens? £ipl* jD ' 

taurine? eSp ® r ‘ m -t, Indicate concerning the nature of the sulfur in 

Exp.S P u r nril"o mVe a?cof 7* the first alcoholic filtrate from 

of a hjChbi an “ rr! 5 ' The C ' ycJne ls P^sent here In the for® 
tlon of freshly precloltateH t* fr ° m this combin atlon by the addl- 

Remove the l^d from the ^ J ydroxlde or b Y lead hydroxide solution- 

.. ff0m the fi,trate hy treatment with hydrogen sulfide. Filter 

♦See Appendix. 
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and decolorize the filtrate by animal charcoal Filter again, concentrate the 
filtrate, and set aside for crystallization Glycine separates as colorless crys- 
tals (Fig 103) See also pp 131 and 132 

CHEMICAL EVALUATION OF THE FUNCTIONS OF 
THE LIVER 

Many of the metabolic activities of the body are centeied m the liver 
Before discussing certain of these functions and the means for studying 
them m relation to lner disease, a resume of the anatomy of the lner 
seems appropriate It is necessary also to describe the major diseases of the 
liver in order to define more clearly the circumstances in which various 
chemical studies may be made and the response which may be expected 
The liver of a healthy adult may weight between 850 and 2600 g, 
with an average value of about 1600 g Grossly, the liver consists of lobes 
varying in size and differing to some extent m the sources of afferent 
blood supplies Each lobe contains a treelike framework of connective 
tissue which supports the parenchy mal cells blood v essels, and bile ducts 
In its finer structure the liver consists of lobules, 1 to 2 ram in diameter, 
composed of many secretory tubules formed by parenchymal cells 
surrounding a bile canaliculus Blood reaches the lobules from the portal 
vein and the hepatic artery The blood enters the sinusoids, spaces 
between cords or sheets of hepatic cells, and passes through them to dram 
into the central vein of the lobule 

The parenchymal cells, the most abundant and characteristic ceils in 
the liver arc arranged so that each cell faces both a duct and a sinusoid 
containing blood, and have secretory and metabolic functions Further- 
more the secretory functions may be both exocrine and endocrine In 
addition to the parenchymal cells, the liver contains large numbers of 
reticuloendothelial (Iuipffer) cells which form a lining for the sinusoids 
The Knpffer cells have phagocytic properties and are important m con- 
nection with hemoglobin breakdown and perhaps m immunity reactions 

DISEASES or THE LIVER AND BILIARY TRACT 
Disturbances of metabolism occurring in liv er disease are largely the 
result of failure of the parenchymal cells to carrv out vital functions, 
because of (1) infections or noxious agents, (2) decreased mass of func- 
tioning cells, (3) decreased blood supply, (4) impaired nutrition, and (5) 
reaction of other organs to liver damage, e g , brain, kidney , pancreas, 
adrenal, gonads, and spleen 

Infectious disease of the liver, such as viral hepatitis, is characterized 
by degeneration and necrosis of parenchymal cells, and may be followed 
by complete disappearance of cells and destruction of the normal archi- 
tecture of the lobule However, regeneration of the parenchyunal cells 
can occur rapidly , and may produce an astonishingly large mass of cells 
within as little as 24 to 4S hours Formerly, viral hepatitis was often 
mistaken for a disease of the bile ducts and the term “catarrh d jaundice" 
in the older literature is a result of this lonfusion 

Deposition of fat in the liver mav occur from ov ermitntion, from 
dietary deficiencies, or from the action of toxic sutat races Though fatty 
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liver resulting from ovcmutrition has little importance, deposition of fat 
caused by toxic substances is evidence of a serious disturbance of he- 
patocellular function Among the nutritional deficiencies associated with 
fatty liver are those related to lack of betaine, choline, methionine, or 
other extrinsic sources of methyl groups Lou protein intake may a'* 0 
contribute to the production of fatty livers Liver disease of purely 
nutritional origin is uncommon in the United States 
Liver damage may occur as a result of severe strains on metabolism 
associated with various other diseases, such as infectious mononucleo^u 
malaria, lobar pneumonia, typhoid fever, various anemias, syphilis 
cholera diabetes, and thyrotoxicosis 

Proliferation of the connective tissue of the liver may be of infectious 
nutritional toxic, hypoxic, or neoplastic etiology, or it may occur spoa 
taneously because of diminished blood supply resulting from circulatory 
and other factors The overgrowth of connective tissue in turn leads to 


disorganization of the liver structure and this again to further interference 
with the blood supply The end result is a shrunken hv er consisting largely 
of connective tissue and with a markedly decreased mass of parenchymal 
reticuloendothelial, and vascular tissue The designations portal cirrhosis 
atrophic cirrhosis and Laennec’s cirrhosis have been used at various 
times to denote such Bcarrcd livers, although not all scarred livers con 
form to the pathologists’ definition of Laennec’s cirrhosis, which accounts 
for a large proportion of the liver disease seen in American hospitals A 1^ 
common form of cirrhosis, known as biliary cirrhosis, is found after pro- 
longed biliary obstruction 

Obstruction of the bile ducts often causc 3 jaundice which may to- 
attributed erroneously to liver disease It is essential to distinguish 
jaundice due to biliary obstruction from that caused by liver disease or 
excessive destruction of blood Gallstones entering the common bile duct 
are the usual cause of biliary obstruction Other causes include neoplastic 
disease of the- ducts and carcinoma of the head of the pancreas Stricture 
TW^UfS ma3 !, f u, U jI in f ectl0n surgical exploration, or other trauma 
nf! ie b adde ^ fre( iuently is complicated by liver damage The 
pancreas often shows evidence of being involved Failure to establish the 

Ery C o«h“r y 0b,truct, ° n and l ° correct it may lead eventual •» 


dm™ f£hn the liver may be caused by a large number of chenucals and 
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THE CHEMICAL PHYSIOLOGY Or LIVER DISEASE 7 
Carbohydrate Metabolism and Liver Disease. The vital impor- 
tance of the liver for maintenance of the blood glucose concentration is 
w ell established Although hj poglycemia is not a common complication in 
patients suffering from acute parenchymal In er disease, it occurs m 
cirrhosis of the Laennec type with sufficient frequency to require that 
fasting blood glucose determinations be included in the stud} of such 
patients Blood sugar concentrations as low as 25 mg per 100 ml are not 
uncommon Glucose administered to patients with Jiver disease often 
causes a greater and more persistent rise in blood glucose than it does m 
healthy individuals, however, these findings are not of sufficient con- 
sistency to permit application as diagnostic or functional tests 

Decreased utilization of galactose in liver disease has provided the 
basis for one of the earlier tests of liver function 8 The measurement of 
galactose excretion m unne originally used has been replaced by meas 
urement of blood galactose concentrations 9 An intravenous galactose- 
tolerance test has also been described, 10 bj w Inch the quantity of galactose 
removed per minute was found to be markedly decreased in liver disease 
Serum Cholesterol and Lipides in Liver Disease. The h\ er is the 
principal organ concerned with the metabolism and excretion of choles- 
terol The serum lipides often show marked changes in diseases of the 
liver and biliary tract Although serum cholesterol concentration and the 
partition between free and esterified cholesterol (see p 5S0) is most 
frequently studied, neutral fat and especially phosphohpide maj also 
show marked changes Relationships between free and esterified choles- 
terol and between free cholesterol and phosphohpide w hich in health are 
maintained within narrow limits are subject to striking disturbances in 
severe parenchymal liver disease where hpide concentrations often fall 
below the minimal levels observed in normal individuals of the same age 
In viral hepatitis both the concentration of esterified cholesterol and the 
percentage of the total cholesterol esterified are low ered , if liv er damage is 
severe esterified cholesterol may become undetectable Recover} is 
accompanied b} rising concentrations of the esterified cholesterol in 
serum 

Cirrhosis of the Laennec type is also characterized by low serum hpide 
concentrations, especially when atrophy of the liver is extensive Scrum 
cholesterol concentrations of less than 100 mg per 100 ml are quite 
common The proportion of esterified cholesterol also is low ered, although 
exceptions exist Low phosphohpide concentrations also are the rule 
Bihar} obstruction regardless of cause is characterized b> elevated 
concentrations of serum lipides Extremely lugli concentrations, among 
the highest known to occur due to any cause, arc encountered in patients 
with biliary obstruction of long duration or with biharv cirrhosis 11 The 

’lor a dot a led review eee Km«el> M It in Tran* IOth Confrrenee on Lxrer Injury 
ed ted by F W lloltbauer NewXork Josiah Mac> Jr Foundation 1951 
* Bauer B »<m Bed B och 56 253S (lOOf ) 

» 7icve Hill and Nesbitt J Lab Clin VcJ 36 705 11050) 
l * Coleher lalek and Kendall J Chn Jntttl 27 768 (1940) 

** Ahrens rt at lfnlwtM D 299 (1950) 
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reason is not known, since the bile does not appear to be an important 
route of lipide excretion , 

Some u c e is made of serum cholesterol a nal\ «es for differentiation 
primarily parenchy-mal lesions from primarily biharv lesions in jaun J 
patients However, such analyses offer little information that canno 
obtained more easily and dependably by other methods The finding ° 
low concentrations and ratios of estenfied to total cholesterol in a J auB 
diced patient is strong but not conclusi\e evidence for parenchymal W 
rav olv ement of se\ere degree Estenfied cholesterol measurements have 
their greatest usefulness where the more c ensitiv e tests become maximally 
po«iti\e and there is still a substantial amount of functioning P a *f® 
chymal tissue remaining As an indication for determination of estenti 
cholesterol, the presence of jaundice or of a marked elev ation of c e nlD1 
bilirubin serves reasonably well 

Information concerning bile acids in liver disease is scantv and un- 
satisfactory Improvements in sensitivity of the methods for bile aci 
determination in serum and bile should ov ercome this deficiency Method 3 
available in the past for estimating bile acid concentrations in «eru® 
indicated that bile acid enters the blood stream to attain concentration 3 
of 10 to 20 mg per 100 ml m the presence of biliary obstruction E* 6 " 
vated values may occur also m liver disease affecting the parenchyma 
predominantly 11 

Nitrogen Metabolism in Liver Disease The metabolic transforms 
tion of amino acids in the liver by sy-nthesis, transamination, etc m 3 ^ 
lie impaired by disease or injury to produce an abnormal pattern 0 
amino acid content in the blood and urine ” Certain tests employed *° r 
the study of liver function have as their basis the impaired metabolism 
, a ? 1, l n0 ac, ds, for example the tyrosine-tolerance test of Bernhay 
and Schneider, 14 and in its possible relation to gly cine synthesis, the weh 
known hippunc and test of Quick (see p 915) may al«o be included here 
Ammo acids contribute to the characteristic elevation of blood non 
protein nitrogen content found in severe liver disease along with urea 
creatine creatinine uric acid and ammonia although the elev ated blood 
M N is mamlv the result of impaired kidney function Blood urea m3 y 
not be elevated in proportion to creatinine and total \P\ levels, possiW' 
due to impairment of reactions involved in the synthesis of urea Ele- 
vated creatine content is not entirely the result of renal failure Intcre-t 
in blood ammonia in liver disease has been reviv ed by the finding of sign 3 
suggesting hepatic coma in patients suffering from cirrhosis who had 
received ammonia-containing ion-exchange resins ,s 

I /° teinS ! , n Ll ' CT Dlseas * The liver has a dominant role m 
r.h^.,.H a “-''."’.T 1 * bc,n S the «>urce of plasma albumin 
and 1 pr “ baHj other P'o'O’ns associated ttith blood clotting) 

r 1 " 15 ™P < ’ rtant components of the o and d globulin tat 
‘ The liter is also mtolted in the stnthesis of v elohnlms. although 
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there is much evidence indicating that 7 -globulin synthesis is largely 
extrahepatic 

The serum albumin level is lowered in cirrhosis, in viral hepatitis 
during its clinically active stages, m nutritional liver disease, and ni 
neoplastic disease involving the liver Many consider determination of 
serum albumin to be among the most dependable measurements av ailable 
for establishing the presence of hv er disease (numerous other causes of low 
albumin concentration usually can be excluded without difficulty) and 
for following its clinical course For this purpose it is superior to total 
serum protein concentration because changes in albumin are commonly 
mashed by an equal and simultaneous rise m globulin, so that total 
protein may remain unchanged or nearly so The lowered concentration 
of serum albumin is one of the major factors responsible for the occurrence 
of flocculation in the cephahn-cholesterol flocculation and related tests 
An increase m 7 -globulin accounts for much of the increase in total 
globulin of serum Whereas in healthy individuals the 7 -globulin content 
rarely exceeds 1 6 g per 100 ml , in liver disease concentrations double 
this are common, and concentrations five or more times the maximal 
normal occur m some patients with hepatitis The marked rise in 7 -globu- 
lin occurring in liver disease is similar to that occurring in many other 
diseases, and may therefore be somewhat nonspecific In many patients 
it is accompanied by an elevation in the level of 0 globulin, associated 
with the appearance of electrophoretically abnormal components m 
both 0 and 7 fractions 

Tibrinogen appears to remain within normal hmits or to be decreased 
m liver disease, the a globulin fraction also shows a tendency toward 
lower levels This is particularly evident where some of the specific 
proteins included in this fraction are examined, for example, serum 
cholinesterase content is markedly decreased in many patients with liver 
disease, as may also be amylase, lipase, and esterase activities 

Of the procedures available for the study of liver disease winch are 
based upon abnormality m plasma protein production or composition, 
the determination of plasma albumin and globulin levels are among the 
most useful These methods are described m pp G01 to G07 Some patients, 
especially those with liver damage of moderate degree, do not show 
significant change in serum albumin or total globulin concentrations The 
quantitative measurement of 7 -globulin concentration may offer some 
advantage m this connection and salting out methods are available for 
this purpose In ndditiou, widely used methods for detecting changes m 
serum proteins of the type occurring m liver disease are the semiempincal 
flocculation and turbidity tests (see p 595) For information concerning 
tests of this type and an analysis of their mechanisms, Sailer’s review 1 * 
may be consulted 

Measurement of Excretory Capacity of the Liver. Many sub- 
stances, among them a number of dyes, are taken up by *b e Irvcr an “ 
secreted into the bile with great rapidity It has been found that m liver 
disease the rate of excrttion may be lowered, and because of this the 


* Stifcr Am J Me! 13 710 (l*>-,2) 
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use of certain of these Mil.stim ci !, a hr. n of (treat v nine in the 
mcnt of liver function Dirndium plnnoHitrahromoplitlialein mlfoM 
(sulfobromophtlialom, sodium, broimulfftlcm), introduced ,n / 
Rosenthal and White, has proved to bo sup* nor to numerous other u 
stances tested for this purpose The procedure for the hromsulfalcir 
for In or function is given on p oOS . 

Detoxification Reactions of the Liver. Numerous studies nsv 
demonstrated that in liter di«ta*c \anous reactions associated 
detoxification arc impaired Among thc-o nrc included the 
luppuric acid following administration of iienzoate Tins is thscu®- 
detail on p 91 *» An improv ed test cmplov mg p-aminohenzoatc and >a 
upon scrum nnaljais rather than on urinary excretion lias i»cen 
scribed 11 Conjugation of \nnous substances with glucuronic nci 
also been u«cd as a basis for liver-function tests *• 

Bile Plftment Metabolism In Liver Disease. Jaundice is sum ■ 
conspicuous sign of liver damage or bile-duct blockage that it has * 
traded more than its share of attention, often to the neglect of o 
and more important aspects of liver or biliarj-tract disease Tlie clicn^^ 
tr> and metabolism of the bile pigments is discussed on p 411 Me*”, ’ 
for the determination of bile-pigment levels in serum (icteric index, 
den Bcrgh test, total scrum bilirubin) are described on pp 590 to 5M 
along with the interpretation of results m relation to liver di B casc ^ 
general, rising scrum bilirubin levels have unfavorable implication^ 
falling values arc characteristic of remission of liver disease or biharv 
obstruction In the unne, bilirubin is normallj present in such low con- 
centrations as to be undetectable by ordinarj methods, the presence o 
detectable amounts of hthruhm in unne is indicative of liver damaged 
biliary obstruction, particularlv in the carlv Btagc of di®ca®e After t c 
presence of the disease has been established, unne bilirubin tests ofid 
little useful information The detection of bilirubin in unne is describe® 
on p 830 

Bilirubin excreted into the intestinal canal is reduced in part to ford 
urobilinogen which may then be reabsorbed into the blood and ag3> n 
excreted through the bile and also into the urine Normal unne contains 
detectable amounts of urobilinogen (see p 813), impaired excrctorV 
ability of the liver leads to an increased urinary output unless liver dad 
age is such that secretion is suppressed, or there is biliary obstruction 
Increased urobilinogen in the unne is a characteristic finding in P areB 
chymal liver disease In the feces urobilinogen (stercobilm) levels a re 
increased in hemolytic anemia and lowered in biharj obstruction 

A summary of the relation between liver disease, bile-pigment metabo- 
lism, and other aspects of liver function is found in the accompany 111 ? 
table 

Other Chemical Manifestations of Liver Disease Abnormalities 
in blood clotting in liver disease result from a combination of defect® 
including diminished prothrombin and accelerator globulin levels 

Deiaa and C°hen J Clin Intttl m 1014(1 

Ottenberg Wagreicb Bernstein and Harr » 

ana bait* tn an Arch Butchem 24 l (1QVQ 
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Cosipakisov or Liver Function Tests in LrvER Disease 


Syndrome 

Bihrubtn 

Tests for Parenchymal 
Imohement * 

1 ests for Biliary 
Tract Imohement 

Viral hepatitis 
Without 
jaundice 

Maj be present m 
urine, and maj in 
crease slight]} m 
serum Urobilinogen 
tnay increase in 
Urine 

BSF usual)} abnor- 
mal CCF, TT, TF, 
one or more maj be 
abnormal 

Yormal 

Viral hepatitis 
with jaun 
dice 

Increased in serum 
and unne Urobi- 
linogen generally 
increased in unne 
and feces but may 
be absent 

Abnormal 

Mainl} normal but 
may be abnormal 

“Toxic* hep- 
atitis, chol 
angiolitic ' 
jaundice 

Increased in serum 
and unne 

CCF, TT TF may 
be normal or ab- 
normal, A/G usu 
ally normal 

Increased serum phos 
phatase, lipide Sim 
liar to extrahepatic 
obstruction 

Laennec's cir- 1 
rhosis 

Ma} or ma} not be 
abnormal m serum 
and unne Urobi 
Imogen variable 

1 BSF abnormal CCF 
TT, TF abnormal i 
in about % of the | 
coses A/G abnor- i 
mal 

Variable Phosphatase 
ma> be high 

Extrahepatic 

obstruction 

Partial 

Complete 

Variable Intermit 
tent or continuous 
elev ation 

Extreme elevation 
Vcrj Ion fecal uro 
bilinogen 

General!} normal, but 
liver parenchyma 
ma) become in 
jured and tests posi 
tive 

Same as preceding 

Variable with elevated 
serum phosphatase 
and lipide prev a- 
lent Good response 
to vitamin K 

Elevated serum phos 
phatase and lipide 
Good response to 
Vitamin K 

Primary bili- 
ary cirrhosis 

Bilirubin elevated 
Urobilinogen van 
able 

BSF increased A/G 
abnormal TT in 
creased CCF in- 
creased m of the 
cases. 

Elevated phosphatase 
Marked clei ation of 
scrum hpide especi 
ally pbosphohpide 

Hemolj tic 
jaundice 

Total serum bilirubin ' 
moderate!} ele- 1 
\ated, direct bill 
rubm normal or 
slight!} increased 
Urine bilirubin neg 
atne Feces urobi 
Imogen increased, 
urine urobilinogen 
| often normal 

Seldom abnormal but 
ma} become so due 
to hypoxia or other 
complications 

Seldom abnormal Tig 
ment stones ma} 
cau«e biliar} ob- 
struction 


* Abbreviations BSF bromsulfalcin A scrum albumin G serum globulin CCF 
ccphalin-cholesterol flocculation TF, thymol flocculation TT tlij mol turbidit j 
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probably other factors ** The depletion of prothrombin in biliary ob- 
struction is related to impaired vitamin K administration provided liver 
damage is not excessive fhc evaluation of the clotting function of the 
blood is discussed in Chapter 22 

Liver disease may be associated v\ ith changes in blood and urine lev els o 
such substances as citrate, *° lactate, pjruvate, succinate, etc , but stud) 
of such changes has not jet reached the stage of general clinical applies 
tion Hormone metabolism may also be altered in liver disease, f° r 
example, both the conjugation of injected testosterone 11 and its excretion 
as 17-hctosteroid 1 * are decreased in liver disease 

Disturbances of water and electrolyte balance are among the more 
significant and troublesome complications of liv cr disease These are due 
m part to impairment of liver function and in part to the effect of liver 
disease on the kidneys and other organs Among the blood analjscs which 
are of clinical importance under these conditions are those for pla^w 
proteins (p G01), scrum sodium (p 619), and serum potassium (p 652) 
Scrum iron levels may al*o be altered in liver disease, being elevated in 
hepatitis 11 and m hemochromatosis, in the latter condition, the iron 
binding capacitj of the serum may be at the saturation level as com 
pared with 14 to 69 pier cent of capacity in cirrhosis and 28 to 59 per cent 
of capacity in normal individuals 14 

Measurement of the alkaline phosphatase activity of scrum (see p 635) 
often assists m the differentiation of parenchymal liver disease from that 
due to obstruction and other lesions of the biliary tract Biliary ob- 
struction is characterized by a persistent increase in phosphatase activity 
to two or more times the maximum found in healthy individuals Tina 
nse occurs regardless of the nature of the obstruction, whether due to 
calculus, stricture, or neoplasm Elevation of serum alkaline phosphatase 
may provide one of the few clues to the presence of neoplastic growth w 
the liver ,s 


Elevated values are also found in toxic hepatitis of chemical origin 
and in inflammatory disease of the bile ducts (cholangiolitic hepatitis) 
but are uncommon in cirrhosis of the Laennec type The factors responsi 
, , va "ation m serum phosphatase activity in liver disease are not 

clearly understood 


Serum cholmesterase activity (p G38) is usually loitered in the presence 
wlv°u»^ f ° r damaB ° t0 , the llv er parenchyma, although not consis- 
moM h “f s “ rameI,t 0l ? h °‘->«‘arase actmt^ appears to provide a 
TZZSfttfuESS? C0We * W ‘'^"particularly that 

disease o( the W°or1“Try^ 
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cedures most likely to prove useful A decision regarding the number of 
tests to be used requires experience and judgment Usually those tests 
italicized will suffice for an initial study To apply simultaneously the 
entire group of tests listed m any of the categories would seldom be 
justified 

1 Detection of liver damage in absence of jaundice, e g , earlj or sub- 
clinical hepatitis urine bilirubin, bromsulfalein retention , direct and total 
serum bilirubin, flocculation tests (c g , ccphalin-cholesterol flocculation, 
thymol turbidity and flocculation), urine urobilinogen 

2 Detection of residual liver damage, “recovery” stages of hepatitis, 
chronic hepatitis, chrome passive congestion, portal cirrhosis brom- 
sulfalcm, direct and total serum bilirubin, flocculation tests, serum albumin 
and globulin, prothrombin, serum cholinesterase, urme urobilinogen, and 
coproporphynn 

3 Following the course of the jaundiced patient suffering from p aren- 
cbjmatous disease, direct and total serum bilirubin, flocculation tests, 
serum albumin and globulin, prothrombin In addition, if severe, serum 
cstenfied cholesterol, cholinesterase 

4 Differentiation of jaundice due to biliary disease from that due to 
parenchymatous disease scrum alkaline phosphatase, cephahn-cholcsterol 
flocculation and thymol turbidity, galactose tolerance, prothrombin, feces 
urobilinogen 

5 Differentiation of extrahepatic biliary obstruction due to calculus 
from that due to neoplasm, stneture, etc feces urobilinogen 

6 For following the course of the surgical patient with disease of the 
biliary tract plasma prothrombin, phosphatase, direct and total serum 
bdtrubm, albumin and globulin, electrolytes, blood urea N or NPN, serum 
lipides 

7 Differentiation of hemoljtic jaundice direct and total scrum bili- 
rubin, feces urobilinogen, erythrocj te fragility, reticulocj te count 
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Mechanism of Absorption. Absorption is primarily a function of the 
small intestine Very little absorption takes place from the stomach, on 
the process is ncarlj complete before the colon is reached The small ia* 
lestine is particularlj' adapted to cany ing on this process by % irtuc of 1 
great length (about 9 meters m man) and by the structure of its mucous 
membrane The surface of the latter is greatly increased (to a total area 
of about 10 square meters) by the presence of folds and of fingerlike 
processes called vilh The latter possess a nch blood supply, lymph spaces 
called lacteals, and muscle fibers whose' contractions mechanically assist 
absorption The mucous membrane through which substances must P 353 
to enter the blood or lymph is extremelj thin, but it must not be for- 
gotten that it consists of living cells 
Substances in solution tend to distribute themseh cs uniformly through- 
out the soUent, and this tendency, which we measure as osmotic P r ^” 
sure, is a powerful force Undoubtedly osmosis may play some role m the 
absorption of certain substances which may be present in the intestine m 
far higher concentrations than m the blood There is much evidence 
howe\er, that the process is rarely one of simple diffusion 

The facts with regard to the absorption of ionic substances (salt", 
ammo acids, etc ) have been made much more intelligible by the develop- 
ment of the Donnan theory of membrane equilibria This explains how 
it is possible for ionic diffusion to be more or less selective and how cer- 
tain ions may pass into the blood although present there in higher con- 
centration than in the intestinal lumen 

Even with this extension, how ever, it is not yet possible to explain man} 
phenomena of absorption on a purely physical basis Not only do the 
regulatory powers of the cell and its changing structure influence the 
course of diffusion processes but it seems probable that certain substances 
m their passage enter into chemical combination with constituents of the 
protoplasm thus making possible different types of selective transporta- 

twL t“he Y iTuT’ b , l00d actua “y migrate back and forth be- 

CCr ph and the lum en ° f ‘he intestine There is evidence that 
droulets f Oue ae f m tv, y ac , tuaU: > ea Solf particles of iron compounds and fa* 
droplets One of their functions may thus be to assist bv phagocytosis 

adCte tCC 80,ubI ° substances The.r ninber is bar® 

staffs how ever it, helr p,ayln S a lar S e ro) n m the absorption of food 

Cion w^YnYcLXr,t, tl Y ‘t th ° m,CStmal dUn,,e 

te that their function is an important one 
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The intestinal mucous membrane further possesses the pow er of excret- 
ing certain substances into the gut Sucrose injected into the blood stream 
appears m part in the duodenum and calcium salts are eliminated by the 
mucosa of the large intestine The glands of the mucosa secrete a digestn e 
fluid the intestinal juice and the cells themselves contain enzymes such 
as proteinases and peptidases, carbohydrases and phosphatases w Inch 
help to prevent the passage of incompletely decomposed proteins, 
carbohy drates and organic phosphates into the blood 

Because of the many factors involved, the study of intestinal absorption 
offers certain difficulties Investigation of the processes concerned helps 
however, to throw light on permeability and other fundamental properties 
of protoplasm It is further of the greatest practical importance to under 
stand the factors governing the absorption of the many essential food- 
stuffs and to determine the conditions under which there is a loss of the 
great protective power of the intestinal mucosa to detoxicate or prevent 
the absorption of toxic substances which may be ingested or produced 
during digestion or putrefaction 

Mineral oil has been shown to interfere with the absorption of fat 
soluble Mtanuns and various digestion products Certain adsorbing 
agents used therapeutically also interfere and all cathartics interfere 
because of the reduced time the products of digestion remain in the 
intestine 

Absorption of Carbohydrates Carbohydrates are absorbed almost 
entirely as the simple monosaccharides glucose fructose galactose 
mannose and the pentoses each having a charactenstic absorption rate 
Con show ed that galactose w as absorbed most rapidly Tv ext came glucose 
and fructose L-\rabmo$e had the slowest absorption rate less than one- 
tenth that of galactose and glucose There is considerable evidence favor 
mg the view that a hexohmaso-catalyzed phosphorylation takes place in 
the intestinal absorption of glucose followed by a dephosphorylation of 
the sugar by phosphatases in the intestine before it enters the circulation 
Of the disacchandes lactose is least readily hydrolyzed in the intestine 
and some of 2 i occasionally reaches the blood as such In these cases it is 
eliminated unchanged in the urrne Sucrose entering the blood is also 
excreted as such When strong sugar solutions enter the bowel they are 
diluted by' the intestinal secretion until the concentration is reduced to a 
point fav prable for absorption 1 e when the osmotic concentration equals 
that of the blood plasma Lactose, because of its slow digestion and ab- 
sorption reaches a much lower portion of the bowel than other sugars 
and is thus more effective m promoting the growth of acidophilic rather 
than putrefactive bactena 

The simple sugars entering the blood arc quite rapidly remov ed there- 
from by the liver and other tissues for oxidative and storage purposes 
After the ingestion of 100 g of glucose a maximum blood-sugar value of 
about 0 13 per cent is reached m less than an hour the normal figure of 
about 0 1 per cent being restored by the end of tw o hours Tins rapid 
absorption of glucose and its subsequent oxidation m the tissues to yield 
energy arc of importance to persons engaged in prolonged athletic com 
petition or m other fatiguing activ lties 
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If the nitrstmil imimus rnmltnup i° <lf«tro\fd «r poi-oned hr “ur* 
i Fuli'-ttmf as Mnlimn ndointnti it i< t* hVi nu ordmun jh rm'-a e 
membnni mil Migirs pucs throuji it aroinlin^ to ordinnn I*** c 
(lifTu-um 1 1ms the puitos -s pi-i through mart njitdU th m the liexnM- 
\\ ith the norm tl hung membr mt how< u r, thr hexo-c-s *how mon rap 
ah orption Vppmnth tin 1 «wm in combined with phosphate n 
pi*. mg thrr u(ji the n 11s of the mm cm* rm tnbnnr I h< formation of t J 
compound pro tth speed* up the absorption process ind makes I HV "' 1 ' 
absorption tun from i sugar holution of lower low nitration than f 
blood Hie interuntion of chemical meehtm«ms of the hung tell 
mikes possible a certain ulettiuH in absorption and an adaptation f 
the mucous membr me in the dm* turn of self-protection of the b<*y 
against rapid absorption of toxic substance* 

\bsorptlon of Protein Protein is ab*orl*cd for the mrel part in tt 1 * 
form of indiudual amino acid* Die ammo and content of both port* 
and h> stemic blood n**es after i ineal 1 Ik amino amis of the ill t cater 
mg the IkkIj arc earned 1»\ lh< b1oo<l to all the tissues of thf Ihm1\ , "bet* 
tlw\ rapidU Ik tome incorporated into the nutalwihi procr-e* of the 
< tils ind Ik come indi«tinpuishnhh from tlu ammo nods nln ad\ pre^n' 
unless tli<\ ha\t liecn laiielcd in home waj, as with i-otopir nitrogen 
Thus the die tan amino acids art not to l*e n girded us Mimewhit of* 
purpluH as thej were at one time, to l»e dnwn tipo i or ouilizeil *tf the 
need arose but rather as a dail\ lontnlmtion to tin pi m ral proee^c 0 ol 
nitrogen metabolism in the bod\ (sec Chapter 33) 

W hereas proteins arc ab«orl>ed mainh as amino acids it is neu rthcle^ 
true that tcrtain molecules larger than the ammo arid molecule 0 eg 
peptides or polypeptides ma\ at times l>c nbserbed StrcpogcnW 3 
peptidohke substance lsdefimtch absorlicd 1 With the aid of lmmunolop 
cal methods it has also l>een established that certain unsplit protein 
may Ik absorbed unchanged 


\ ' ana blc and hometimes significant proportion of the dictarj ammo 
acids escape absorption and arc metabolized by the bacteria of the inte- 
tmal tract The products of this action maj be absorlicd and appear in 
the blood or unne Tlic rclatiulj higl. ammonia content of portal blood 
is attributed to these processes as is the mdiran content of the urine 
The significance of such intestinal putrefaction is discussed in Chapter 20 
Incomplete 1 5 decomposed protein maj sometimes l>c absorbed, ** 13 
indicated bj the production in certain individuals of anaphx lactic reac- 
tions (cutaneous eruptions asthma etc ) following the ingestion of par- 
ticular tjpes of protein Such reactions are not produced by completely 
»»} urolj zed proteins 

Ihc’iXITof ° f T !'i e mcc ^ ,anism bj which fat is absorlicd « 
the subject of considerable control ersj Two theories haie been pro- 
posed namelj the Itpolyltc and the parltlton theory and each of the* 
possesses certain merits Au online to tin lipoljtir theon as defined hi 
S“m°'in''!ll a ' S ? “ ' om P 1Uc hydrolysis of the inRested f»< 

GWolfo™, ,‘’ tr0mU ' l "' al ,rart ■» •* preliminary to absorption 
Glycerol tormKl M a of noth hy droly „s l, readily soluble in water, 


1 Woollej P deration Pror 
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there is considerable experimental evidence that this compound can be 
readily and completely absorbed. On the other hand, the fatty acids 
resulting from hydrolysis of the neutral fats arc insoluble in water, al- 
though their soaps dissolve quite readily. However, the pH of the small 
intestine is such os to preclude the presence of appreciable amounts of 
soap. Since it is known that most fats are almost completely digested, 
some mechanism is required to transport the water-insoluble fatty 
acids through the gut wall if soaps are excluded. The mechanism seems to 
involve the presence of bite concomitant with the fat. Under such con- 
ditions an emulsion is formed which is reflected in the milky appearance 
(chyle) of the lymph in the mesenteric vessels during the absorption of 
fat. This condition does not obtain in the absence of bile. Rile is believed 
to facilitate digestion both by activating pancreatic lipase and also by 
rendering the fatty acids soluble in the aqueous medium. The latter 
change is mediated by the bile salts, which lower the surface tension. 
It has been postulated that the bile salts combine with the fatty acids to 
form compounds known as choleic acids. Wiclaud ami others have demon- 
strated that such compounds, produced in the test tube, have definite 
melting points, and that there arc fixed ratios of fatty acids to bite acids 
(usually 1:8 in the case of Cie-Cn acids). The importance of this mecha- 
nism remains questionable, however, since the only naturally occurring bile 
acid which is active is dcoxycholic acid, and this is a minor component in 
most biles. Moreover, only the unconjugated form is active; but the 
conjugated acids (glycodcoxycholic and taurodeoxycholic acids) repre- 
sent the forms occurring in the bile. The fact that such coordination com- 
pounds as choleic acids exist is however an intriguing one, ami theso 
compounds may be related to fat absorption. 

According to the partition theory, ns proposed by Frazer, fats are 
only partially hydrolyzed in the gut, with the resultant formation of some 
fatty acids, and also mono- and digtyccrides. The bulk of the fat is in 
the form of triglycerides. These lower glycerides and fatty acids, togothor 
with bile salts, form a stable emulsion which consists largely of triglyceride 
fats. This particulate matter, when the droplets are of a sizo of 0.5g or less, 
is directly absorbable through tho fine canals in the outer border of the 
intestinal cells. The results of Mattson cl at. (see Chapter 33) tend to 
support this hypothesis. They showed that the intestinal contents of rats, 
removed three hours after the animals had been fed a mixture of partially 
hydrogenated cottonseed and soybean oils, contained principally un- 
hydrolyzcd triglycerides, diglycerides, ami monoglyeoriclcs, with only 
15 per cent of free fatty acids. Frazer is of the opinion that triglycerides 
of short-chain fatty acids, whoso acids are water-soluble, may bo com- 
pletely hydrolyzed in the intestine. 

There arc ample experimental data which demonstrate thnt, irrespec- 
tive of the fatty material fed, neutral fat appears in the intestinal lymph. 
According to the Verzfir school, tho products of fat digestion are recom- 
bined in the intestinal mucosa, possibly through tho intermediation of 
phospholipide. Frazer also suggests that considerable modification ami 
resynthesis of triglycerides may occur in tin* intestinal cells. The bile 
acids set free are returned to the lumen of tin* gut to assist in the absorp- 
tion of additional fat. Although now phospholipiilcs may be formed iti 
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the intestinal cells, as demonstrated by the incorporation of the "I 
natural fatty acid daidic acid in the intestinal phospholipides after tn 
feeding of tnelaidm (Sinclair), considerable quantitative data are 
available which indicate that the phospholipides are not obliga rj 
intermediates in fat synthesis _ , , . ^ 

By means of tests (rats) in which decanoic and palmitic acids lane 
with C 14 in the carboxyl position were fed, it was learned that 6 0 ' 
chain fatty acids are transported mainly by the portal pathway, a 
long-chain saturated fatty acids via lymph 5 . r 

After resynthesis, the greater part of the fat first enters the lactea 
the intestinal villi and then the lymphatics, forming an emulsion (. 
chyle) which is earned via the thoracic duct to the jugular vein An i 
crease in the fat content of the blood and lymph following a meal ( 
tide”) is readily demonstrated, the fat appearing in the form of minu 
globules called chylomicrons The fat of the diet is therefore unique among 
the other components of the diet in that in large part it bypasses 
liver The significance of this anatomical arrangement is not clear, bu 
may possibly be related to the recognized ability of liver tissue to oxitnz 
fatty acids rapidly to the stage of acetoacetic acid and 0 -hydroxybutyn 
add . 

Absorption of Sterols. Cholesterol, the most important 04 l f 
sterols, like the fatty acids forms compounds w ith the bile acids wh' c 
facilitate its absorption (see Chapter 18) Unabsorbed cholesterol 
reduced to coprosterol It is uncertain whether this change to coprostero 
is brought about solely through bactcnal action The plant sterol phytos- 
terol is not absorbed and hence cannot become a source of cholesterol i 
the animal body Ergosterol is said to be absorbed but slightly if at alb 
but the irradiated form (calciferol) is more readily absorbed Apparent ) 
the absorption of sterols is very specific, so that even isomerism may alter 
absorbability , and saturation of unsaturated bonds may change a stero 
from a readily absorbable substance to one completely unabsorbable 
Of the many sterols found in plant or animal foods, the only one which & 
absorbed in the human intestine, aside from the D vitamins, is cholesterol 
Certain forms of vitamin D are absorbed to different degrees in different 
species (see Chapter 35) 

Absorption of Inorganic Salts. The selective nature of absorption 
applies even to inorganic salts Thus sulfates are much less readilj 
sorbed than chlondes and tend to withdraw water from the blood For 
this and other reasons the sulfates have a cathartic effect The absorption 
of calcium and phosphorus is of especial interest because of its relation to 
the development of nckets and because this absorption can be so pro- 
foundly affected by minute amounts of antiradutic vitamin and hence 
by ultraviolet radiation The acidity of the intestinal contents is oi 
importance for the absorption of the relatively insoluble salts of calcium 
rhe most rapid rate of absorption of calcium after the administration 
i l?, n "^° nt T n,ng Ca “ has been found to occur within the ft* 
the mSnnt f^°? tl0n was principally from the proximal part f 
th intestine Dietary iron appears to be absorbed m nutritional 

»Kiy«tj Uloom mndCtaikoff J Bui Chrm i« ait 

* I!irn.v>n *nd Harruoa j Biol cCi m 83 '?U>£) ' 
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significant amounts only when it is in the ionized inorganic form, and 
clinical and experimental evidence indicates that ferrous iron is much more 
available for absorption than ferric iron. Calcium, magnesium, phosphorus, 
and iron are excreted to a considerable extent by the intestinal mucosa. 
Hence a study of their absorption at different levels of the intestinal tract 
is required for an understanding of the factors involved. The absorptive 
power of the colon for food substances is relatively low. 

Methods of Studying Absorption. Much of our information on ab- 
sorption has been obtained from the study of isolated intestinal loops 
which retain their nerve and blood supply. Solutions can be injected into 
such loops and the contents removed at any time for analysis. The rela- 
tive rates of absorption of various substances can thus be determined 
under controlled conditions Small animals such as the rat may be sacri- 
ficed after the ingestion of test substances, the intestinal tract removed, 
washed out, and the washings then analyzed to establish the extent of 
absorption. 

Histological examination of the mucosa of animals killed after a meal 
has shown the presence of fat globules in the cells. 

By establishing fistulas of the intestine, the course of absorption in 
different parts of the tract has been studied. 

Analysis of the blood and lymph gives information of great importance 
relative to the nature of the products entering the blood stream Urine 
analyses show' the rapidity with which soluble inorganic salts are ab- 
sorbed. Perfusion experiments on the intestine are little used because a 
normal mucous membrane is difficult to maintain. Studies on absorption 
from the stomach may be made with a stomach tube, and a similar proce- 
dure may give some information as to absorption from the colon. Fecal 
analyses show' the completeness of digestion and absorption of various 
substances present in the food. 

Animals may also be fed a diet containing a definite amount of a non- 
absorbable substance such as iron oxide, or a labeled component such as 
elaidie acid or compounds containing the isotopes of hydrogen, phos- 
phorus, nitrogen, iron, or carbon By suitable analj'ses of the intestinal 
contents and the other parts of the animal body the rate and extent of 
absorption may be evaluated. The use of isotopes in particular appears 
to offer great promise in elucidating the mechanism of absorption. For a 
discussion of isotopes, see Chapter 32, p. 970. 

EXPERIMENTS ON ABSORPTION 

1. Experiment to Show the Action of Bite Sait Solutions an Fatty Acids and 
Chofeiferol. Prepare five test tubes as follows: 

a. Five ml. of buffer solution pH 7+2 ml. of a 10 per cent solution of bile 
salts + 1 ml. of a 1 per cent solution of oleic acid in alcohol. 

h* Five ml. of buffer solution pH 7+2 ml. of water + 1 ml. of 1 per cent 
oleic acid solution. 

c. Five ml. of buffer solution pH 9 + 2 ml. of water + 1 ml. of 1 per cent 
oleic acid solution. 

d. Five ml. of water + 2 ml. of 10 per cent bile salt solution + 1 ml, of a 
0.05 per cent solution of cholesterol. 

e. Five ml. of water + 2 ml. of water + 1 ml. of cholesterol solution. 

Place all tubes In a water bath at 40“ C. for a few minutes and observe the 

tubes for turbidity* 
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Fatty acids form a clear soap solution only at pH 9 or hift ' , 
salts a clear and dllluslble solution Is formed even below pH 7. Bll " 
have a similar action on cholesterol. This Is Important aleo In connec 
with the excretion of cholesterol In the bile. 

2. Determination of Rapidity o/ Absorption of Sugars from the Cnun 
Gastrointestinal Tract ( Method of Carl): Principle. Animals arc *n« 
solutions by a stomach tula After a suitable time lias 1 1 Misril the animats a ’ 

the entire gastrointestinal tract remosed, anil the total sugar remaining una j 
determined 

, 18 # 

, with screen 

bottoms so that there Is no access to feces. For 48 hours they arc fiivcn 
but no food. The rats are again weighed and are then fed the solutions 
tested, usually 1.25 to 2.5 ml. of 25 to 80 per cent sugar solutions. TheS * hra , 
introduced by means of stomach tubes consisting of Nos. 4 to 5 ure ^ 
catheters softened by plunging for a moment Into boiling water. A 

mouthpiece is used and the catheter marked to Indicate the depth to w 1 

should be Introduced. A syringe of the Record t>pe with a needle to conn f j < 
with the catheter is used to inject the fluid. If diarrhea is caused the exp e 
ment is discarded. j 

An animal Is killed at each hourly interval. The entire gastrointes t 
tract is removed, slit open, and washed thoroughly with water making 
to a volume of nearly 500 ml. A small amount of dialyzed iron Is added 
then a little sodium sulfate to precipitate it, along with interfering 
stances. The sugar is determined by the Benedict method or some ot 
method. Blood sugar may also be determined by the Ilagedorn-Jeos ^ 
method or other micro method. Sugar may also be determined in the ur,n tJ 
(In another experiment It may be shown by analysis of the gastric conten 
that a dilution of the sugar solution takes place in the stomach.) The arnouh 
of sugar absorbed per 100 g. of body weight of the animals is calculated- A 
absorption curve may also be plotted from the results obtained with sini« 
animals at 1, 2, 3, 4, etc., hours. Cori found that the rate of absorption 
hexoses is Independent of the concentration, and the rates of absorption o 
some monosaccharides are in the following order, galactose > glucose 7 
fructose > mannose > xylose > arabinose. No glucose appeared in the ur« B 
but about 50 per cent of the galactose was excreted by this channel. 

If a soluble ferric salt such as ferric ammonium citrate Is added to 
sugar solutions it is possible to determine in what parts of the tract digest o 
and absorption of carbohydrates, etc., more particularly occur (see the ex- 
periment below). 

The tolerance of animals for sugars injected intravenously may also ** 
determined and an Idea obtained as to the rapidity with which sugars * 
absorbed when injected intravenously as compared with absorption from 
intestine. Cod found the tolerance for glucose given intravenously to ** 
from 2.2 to 2.5 g. per kg of body weight per hour. 

-£ on the Utilization of Cote, am and 

photo, { Method of Bene, mh: Principle To a standard diet is adJfl a * 6 “ 

! igi Kfisas-ssssi 

meth **l u» the stud} of digestion and absorption m different P ar 
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proportion of iron oxide and of the carbohydrate whose effect it is desired to study' 
The ratios of calcium and phosphorus to iron are determined for foods and feces and 
the percentage absorption calculated The accurate separation of feces of the expen 
mental period is not necessary 

Procedure Feed two or more albino rats (about 60 g in weight) on a phos 
phorus low and calcium high diet (whole yellow corn 76, wheat gluten 20 
calcium carbonate 3 sodium chloride 1, and c p feme oxide 0 2) for about 
three weeks Put In separate cages with screen bottoms Collect feces for a 
five day period Then modify the diet of the animals by substituting glucose 
for 30 parts of corn in one case and an equal amount of lactose in the other 
After a two day Interval collect the feces for a period of four days Then ex 
change diets so that the first animal gets lactose and the second glucose 
After a two day interval collect feces again over a four day period All feces 
need not be collected Those contaminated with urine are discarded 
About 0 5 g (not weighed) of feces from each collection is ashed, preferably 
m a 35 ml silica crucible at a moderate temperature Add a fen drops of 
nitric acid to the residue and heat again to destroy the last carbon Add 10 
ml of 15 per cent hydrochloric acid and heat until the ash is dissolved Wash 
Into a flask with water to make about 35 ml Ash 2 g of food and dissolve the 
ash In the same way Determine Iron, calcium, and phosphorus 3n the ash 
solutions by standard methods (see Chapters 23 and 31) and record the num 
ber of mg of each in 1 ml of ash solution 

Calculation Calculate the ratios Ca/Fc and P/Fe for food and feces and calculate 
percentage absorption or utilization of Ca and P For example if the ratio Ca/Fe for 
food is 10 1 and m feces 4 1 unabsorbed Ca is 4/10 or 40 per cent and utilization is 
100 — 40 — CO per cent 

Lactose promotes calcium absorption by creating an acid medium (lactic acid) 
m the intestines Glucose has little effect I/tamin D markedly improves absorp 
tion of Ca and P 
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The food residue and the digestive and other secretions as they 
the lower ileum and colon are acted upon by the bacterial flora which 
come permanently established in man during the first few days oi h 
The extent of bacterial activity is indicated by the fact that nearly one- 
third of the solid matter of normal feces is made up of bacteria. 

The metabolic products of the intestinal bacteria arc for the most p® 11 
harmless, and some are actually useful; but a few, especially those ansinp 
from proteins and amino acids, arc toxic in varying degrees In the P 35 
it was believed that an excess production of these products, such # 
might occur in constipation, caused a condition of autointoxication 
characterized by malaise, headache, and irritability. Probably mechanical 
factors as well as emotional and psychic influences often account for some 
of these disagreeable effects attributed to constipation, 

AVhen ammo acids are acted upon by bacterial enzymes, they under?® 
decarboxylation, deamination, and other reactions, with the result that 
abnormal products arc formed. Some of these arc toxic and are handled 
in the body by chemical mechanisms that are generally regarded as 
detoxifying The variety of products that may result from an amino aci 
is illustrated by tyrosine. 


CII 2 CH 2 NH 2 HH.nHOHCOOH 



P-IIydroxybenzoic add p-Hydroiyphenylacetlc 



P-Cresol 

43G 
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Action of Products of Putrefaction. Of the various types of com- 
pounds formed by bacteria acting on amino acids, the amines are physio- 
logically the most active. Tyramine, which is formed from tyrosine, is a 
strong vasoconstrictor and like epinephrine, to which it is closely related 
structurally, it elevates blood pressure. Histamine, on the contrary, causes 
capillary dilatation. Although this compound may be formed by bacterial 
action, it is also normally produced by the body to serve as a stimulus for 
the secretion of hydrochloric acid in the stomach. In anaphylactic shock 
large amounts of histamine are released into the circulation. Since tryp- 
tamine is a product of putrefaction, it is interesting to recall that when 
platelets disintegrate during the clotting reaction, 5-hydroxytiyptamine 
is produced. 1 This compound is a strong vasoconstrictor and probably 
plays an important role in hemostasis. Of the aliphatic amines, two are 
well known: pentamethylenediamine (cadaverine) and tetramethyl- 
enediamine (putrescine), which are derived from lysine and arginine re- 
spectively. Since they were originally isolated from putrefying flesh, 
they were classed as ptomaines. In spite of their offensive names, they are 
relatively harmless. The condition known as ptomaine poisoning is due to 
bacterial toxins and not to these amines 

Of the putrefactive products other than amines, indole and skatole, 
which are derived from tryptophan, have received much attention. Both 
possess a disagreeable odor and are mainlj* responsible for the character- 
istic odor of feces. Only a small fraction of the indole and skatole formed 
in the intestines is absorbed, as indicated by the finding that the daily 
excretion of indican (indoxyl potassium sulfate) rarely exceeds 10 to 20 
mg It is improbable that such small amounts have any deleterious 
effects Phenol, p-cresol, and allied compounds formed from aromatic 
amino acids are toxic, but the quantities formed and absorbed are rarely 
large enough to be harmful provided the liver and kidneys function 
normally. Total phenol excretion by normal men averages about 0.2 g, 
per day. 

Some of the bacterial products formed in the intestines are distinctly 
useful to the body. It is likely that part of the vitamin K required by the 
organism comes from the action of E. coli and other bacteria. It is known 
that various other vitamins such as biotin and thiamine are synthesized 
by bacteria, and that these can be utilized by the body. The bacterial 
flora may therefore be regarded as an auxiliary factor in nutrition. The 
benefits thus accruing are likely to outweigh the harm that may come 
from the toxic putrefactive products. 

DETOXICATION 

Though it is well known that the body can and docs develop means of 
defense against microorganisms and their toxins, which usually arc pro- 
teins, there is no convincing proof that it has evolved mechanisms specifi- 
cally intended to detoxify either the products resulting from putrefaction 
in the intestines or the myriads of compounds and drugs that are ingested 
and absorbed. 


1 Rnpport. Gri-cn. and Pagt* - /. Biol. Ckem , ISO. 901 (1919). 
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In general all products of exogenous origin that enter the body maybe 
divided into three major classes (1) Substances which are normal!? 
utilized for energy structure or function \11 maj be broad lv considered 
as food (2) Substances which in the doses ingested alter philological 
function If the change in function is beneficial the substance producing 
it is considered to be a drug whereas if the alteration is harmful the sub- 
stance is considered to be a poison (3) Substances w hich pass through the 
body unaltered and cause little or no change in function V> ater is the m<*4 
important example although in a strict sen«e it may be regarded as a food 
In categories as broad as these many instances of ov crlapping as well 
as difficulties of interpretation an«c Ethy 1 alcohol may be regarded as a 
food a drug or a poison Similarly, nicotinic acid being a \itamin 
food but it may also act as a drug and in large doses as a poison 
Although the protection against noxious substances is probably large!) 
accidental rather than by design detoxication nevertheless plays an 
important physiological role It begins in the intestines Thus the enzyme 
histamina.se found in the alimentary tract is probablv responsible for the 
destruction of relatively large amounts of histamine The intestinal wall 
coordinated in the line of defense against poisons since it acts as a barrier 
to various harmful substances Man) toxic substances that pa c s the 
intestinal walLs arc removed by tie liver It is not surprising therefore 
that this organ which has as one of its functions that of a chemical watch 
tlog possesses many of the mechanisms w hich are usually designated as 
detoxication reactions The principal reactions namely oxidation reduc 
l! 0 " h > dro J>»» fnd conjugation which the body normally employs for 
. f es m . c \? n detoxication and elimination of a foreign compound are 
from those employed on normal metabolites 
a eh™ S 8 r , arc on| y partially metabolized thereby leavwS 

“ ™ clmUc or "hich often serves as a valuable source of 

information concerning metabolic pathways 

body ‘tonro?;, . R f“ ctlon ' and Hydrolysis The first attempt of the 
turn M,nvt !*“ a toxlc c °">P°und is to destroy it by o-oda 

carbon diov.de nnd? C< ^ “ ethyl alTOho1 «™ completely burned to 
are more tone tli tn'Vl, <r Sometlmt “* the intermediary oxidation products 

ho, wh,^p^ras;dc l s?rfc "d“ u,tra,Ki by mo,b51 a,w 

tancc° Benzene 1 ,. 0 ,' lT° ma ' n com P ou " d '< >=> or great physiological impor 

LlbLo“a“d ami „r "f «™P ,a aromatic compounds such 

cl.am”Tartmulariv ar ° fa,rly re5,,tant to oxidation Certain a* 

phcXrS cii.co (■ofm H ’ Cr !i ( '' H i. ,COOIr " h ' ah — 

plctcK oxidjzahlf* TKi ^OOII render the aromatic nucleus com 
-to. dcam, nation rs t» 
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having a side chain with an odd number of carbon atoms yield benzoic 
acid, and those with an even number yield phenylacetic acid 

C 6 H 6 CH 2 CH 2 CH 2 CH,CGOH -4 C 6 H 6 CH 2 CH 2 COOH -4 C 6 H 6 COOH 
Phenylvaleric acid Phenylpropionlc Benzoic acid 

acid 

C 6 H 5 CH 2 CH,CH 2 COOH -4 C 6 H 5 CH 2 COOH + CHsGOOH 
Phenylbutyrlc Phenylacetic Acetic acid 

acid acid 

From these observations ICnoop formulated the hypothesis that normal 
fatty acids are likewise catabolized by 0 oxidation (see Chapter 33) 
The finding 2 that the depancreatized dog oxidizes phenylbutync acid 
to phenylacetic as readily as a normal dog is interesting because it was 
the first evidence suggesting that the oxidation of butyric acid was not 
impaired m diabetes 

Reduction and hydrolysis are encountered infrequently m the metabo- 
lism of foreign compounds One example of reduction is the conversion of 
chloral hydrate to trichloroethyl alcohol, which is then combined with 
glucuronic acid Glucosides such as the digitalis compounds probably 
undergo hydrolysis with the liberation of a sugar and an aglycone as a 
step m their metabolism and elimination from the body 

The conversion of cyanide to thiocyanate may be regarded as an im- 
portant detoxication mechanism This is indicated by the wade distribu- 
tion m various tissues of the enzyme rhodanese, which is responsible for 
changing cyanides to thiocyanate, and also by the relatively high con- 
centration of thiocyanates in the blood (over 1 mg per 100 ml ) The 
reaction may be expressed as 

rhodanese 

HCN + S > HCNS 

The source of the sulfur is not known It can be supplied by thiosul 
fate m ulro but it remains uncertain whether this compound is utilized 
phy siologically 

Conjugation. The isolation by Keller in 1842 of hippuric acid after 
the ingestion of benzoic acid led to the recognition of a new type of bio- 
chemical reaction, namely, the conjugation of a foreign organic compound 
with a normal metabolic product such as glycme Other compounds or 
radicals employed by the organism for conjugation are glucuronic acid, 
sulfuric acid, cysteine, glutamine, ornithine acetic acid, and the methyl 
group 

Antimetabolites Though it is generally a««umcd that conjugated 
products arc the resultants of detoxication it is more likely that they are 
merely the end products of normal metabolic processes applied to foreign 
compounds When any ingested compound is excreted in a conjugated 
form it may be regarded as an antimetabohte (sec Chapter 3G) One may 
postulate that such a compound has enough structural similarity to a 
normal metabolic product to engage the enzyme designed for the latter 


* Quick nnd Sweet J lUot Chert no 52" ( IQ ' S ) 
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As a result the normal acti\ it} of the enzj me is decreased, and it produces 
an abnormal product which cannot be further metabolized and is there- 
fore excreted 

Valuable information has been gained from the study of those con 
jugated compounds which were the first historical!} to ser\e as metabolic 
tracers Knoop as alread} stated, postulated the theorj of ^-oxidation 
from his ob«enations of the end products of phen}labphatic acid- 
Gljcme, glutamine, ormthme, sulfunc acid, and glucuronic acid were di?- 
coxered as constituents of conjugated products long before it was recog 
mzed that these compounds participated actnel} m man} normal 
ph} Biological processes Meth}lation of pyndme and mcotimc acid was 
noted decades before biochemists had an} appreciation of the essential 
role of this reaction in metabolism 


The type of conjugation is determined b} the activ e chemical groups m 
the molecule, but important modifications are brought about b} second 
ar} groups not directly concerned in the conjugation Marked specie? 
differences m conjugation occur 

Hie Carboxyl Group. The introduction of a carbox}l group into the 
benzene nng is one of the most efTectne means of reducing toxicitx Thu? 
the addition of the COOH group to phenol produces salic} lie acid, a non- 
toxic compound Toluene, which the bod} oxidizes to benzoic acid, is le®* 
toxic than benzene, which }ields on oxidation phenol polyphenols, and 
muconic acid Benzoic acid is the type compound in which a carboxyl 
group is attached to the benzene nng In man nearl} all of the compound 
is combined with gl} cine to form hippunc acid There is good evidence 
ttiat the synthesis occurs pnmanl} m the Iner The quantitatix e estuna 
tion ot the excretion of hippunc acid following the administration of 
ac ’ d J therefore a satisfactoiy test of lner function With this 
“ A,?"' the btx V 8 ca P ac,t > to synthesize gl}cine and to conjugate it 
fnriu acid , are measured The organLsm can utibze waste nitrogen 
I £ 12??^ b ^ tbc e . xact react!ons ™ Oh ed are not known 
deseed !r tak ? that thC tKxiy a mechanism specifically 

benzoic and CS,1ZC bl P punc ac, d* *t is more reasonable to suppose tha 
comuEatedVith “ U|!h ' tnirtural resemblance to a metabolite normallj 
bl the same enrime'T b ' “ p ? rt ! crul3r enzyme system to be acted UP «° 
to Lm tnnn,?nr ^ \ r T ,U bcnzo,<: acld u< conjugated mth gljciw 
to tom. hippunc acid, nhich is excreted because it cannot be further 


COOH 


IWn*olc acid 


II H 

L 11 N C- COOH - 
II 

Glycine 


O \ C—COOH 
S II 

J 

Hippurlc acid 


is n r” 1 )^ is'mluhfiMrrJI" 0 ^ tIlal >*"20'= act „ l„,„g conjugal^ 

1 fr ° m carT >mg out it, normal function Fvirfrn* 
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of such a metabolic depression 

uric acid is strikingly decreased afte acid alter the pattern of 

Substitutions in the b ? nze °® str ikingly slows or inhibits the 

conjugation. Any group ® _ort P us trated by the important drug, 

conjugation with glycine. This is ^ dl U litt l e of the compound is 

salicylic acid. Irrespective of the size salicy i ur i c acid. Interestingly, 

combined with glycine and “ excretes about one-half 

when the hydroxy group is in paraposn^ ^ ^ ^ ha]f com b m es 
of the ingested compound unc « 8 > p-Methoxybenzoic acid, in 

with glycine to form ^'" 2 ^ 61^0 acid and the re- 
marked contrast, is half conjugated wun t 

mainder with glycine. ofr ,„.t„re from benzoic acid to 

Phenylacetic acid differs sufficien y - g demonstrated by 

require a different enzyme for its eonjugat • h an i mal loses 

the fact that when both kidneys are removed >bility t0 form 

the power to synthesize hippunc acid, th at phenylacetic acid 

phenylaceturic acid. It is of considerable interest * anline This 

is the only compound known to . be an |‘ in the chimpanzee. In the 
synthesis has been observed only m c ; d conjugated with 

avian organism both benzoic and phenylacetic acm a 
ornithine. 


CHsCOOH 


NHr 

h H- 


COOH 
— C — H 
-t-H 


CH: 


Phen>lacetlc acid 


H -C-H 
CONHi 

Glutamine 


O H COOH 
— C — N — C — H 


H 


-H 


h-c-h 

CONHs 

Phenylacetylfilutamlne 


The dog, in contrast to man and the rabbi^conjug^ source of this 

cent of the ingested benzoic acid w ® •_ ac jd is poorly metabolized, 

compound remains unknown. Free g u , it seems unlikely that a 
and since it is not found in the unconjugated form, 


COOH 



Benzoic acid 


COOII 

Glucuronic acid 


iooii 

1-Benzoylfilucuronlc acid 
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direct union of glucuronic acid and benzoic acid occur*?. The observation 
that the completely diabetic organism retains the ability to form con- 
jugated glucuronides, apparently from the fraction which would be ex- 
creted as gluco-c, shows that glucogenic amino acids can serve as a 
source of glucuronic add Whether the foreign compound is combined 
with glucose with subsequent oxidation to glucuronic acid or whether the 
glucuronic acid is synthesized from three carbon compounds remains un- 
solved. The wide distribution of the enzyme ^-glucuronidase m the bod) 
and the observation that \anous sex hormones are combined and excreted 
with glucuronic acid clearly indicate that this compound occupies a 
prominent position in metabolism. 

The Hydroxyl Radical. A compound such as phenol is conjugated with 
both glucuronic acid and sulfuric acid. The latter type of compound is 
called an ethereal sulfate. Indican, which is the common name for mdoxyl- 
sulfuric acid, is historically important since it has been u 1 ^ as a measure 
of intestinal putrefaction The organism apparently can combine sulfuric 
acid directly with a phenol Chloral hydrate (CCIjCJI(OII)s) a com- 
monly employed sedative, is reduced in the body to trichloroethyl alcohol, 
which is conjugated with glucuronic acid. 

Oil 


H — C-. 


OH 

h — c— on 

n 

+ HO-C— H t 

V 

II— C— OH 

H — C 

Phenol 

1 

COOH 

Glucuronic add 


OH 
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Phenol 
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H — C~ 
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> HO— C~ II 

H — C- OH 

! 

H— C 

I 

COOH 

Phenol glucuronide (glucoside type) 

O — SO,II 

0 

Phenylsulfuric acid 

acetyl dencalivc/aretanilKirT’iTrc'latf I" 1111 ’ 0 ” “ rtreme,y to ' l,V - 
appear logical therefore to cxpectacctitf. f r ontoxIC dru S 11 " ouW 
tion reaction Actually there^ little' 5 V Dn *° an important detox, ca- 
mide and it, vanou, denvlt, „! C " dB , nre that thw .a true Sulfanila- 
pcutic ellectitcness „ thereby teT'but'll '“''f “ thc body Thcir ,hc T 
lie mpufirantly Ion end Interest,,,, In! !° X "' ,ty doOT not a l ,prar m 

is acetjlated and cxcrntwl . u , the ' ,tam,n P-aminobcnzoic acid 

phj siological compound t aret>l choline is an important 

part.cukrlynonmShU ?' y4t, ° n ° f ° ther ***** compounds, 

nmetabobtea, has apparently not bee,, 0 |,soncd. 


+ HjSO« 
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COOH 
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Detoxication, 


CH 3 COOH 


AND CONJLGITION 

COOH 

Z' 


V 

p-Amlnobenzoic acid 

SO;NHs 

z 


V 

XHCOCH, 

p-Acetylaminobenzolc acid 

S0 2 XHs 

Z' 


CH3COOH 


V 

nhcoch, 

p-Acetylamlnobenzene 

sulfonamide 


V 

NH S 

Sulfanilamide 
(p-Aminobenzene 

sulfonamide) . . . 

The Pyridine Ring. Pyridine, quinoline, and many ° f ™™ c i' ea r 

are methylated in the body. The transfer » ini ‘ ^ cid E ; s methylated to 
nitrogen is apparently a common reaction. - thereby lost, the 

form trigonelline. Since its antipellagra prope 
purpose of such a reaction is not clear. 


^jCOOH 
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/Ncooh 
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ohT^oh 


-C=0 
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CH, 

Trifionelline 

Nicotinic acid no ivcvclic hydrocarbons such 

The Benzene Ring. When benI ;°“ ted P their corresponding raercap- 
as naphthalene and anthracene are inge > conjugation, the sulfur 

turic acids can be isolated from the unne • “ “X carbon atom, and 
of cysteine becomes directly combl " e , ^Bromophenylmercapturic acid 
the amino group becomes aeetj late • P~ silK .|, lt ran bc isolated fairly 

formed from bromobenzene is the be. detoxication process, it 

easily. Rather than regard this scrves as a mca ns for introducing 

seems more reasonable to suppose tn in t j lc me tabolism of 

hydroxy groups into the benzene ring, v bo( \ y possesses an enzyme 

the aromatic nucleus This assumes K ZC ne ring by hydrolysis, 

which splits the acetylatcd cysteine from the benzene ^g 


+ H- 
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C— CH S 
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Cysteine 


Acetic acid 


COOTI 

Bromophen>lmercapturic acid 
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The conjugation reactions should be regarded as important metabolic 
processes rather than biochemical oddities The ease with which the body 
furnishes glycine, glucuronic acid, acetic acid, cysteine, and other con- 
jugating components serves as evidence of their wide and important 
utilization in metabolism Interestingly, the avian organism lacks the 
ability to form hippunc acid, but conjugates aromatic acids with orni- 
thine This suggests the close relationship of some of the conjugating 
reactions with the Krebs-Henseleit urea cycle 

EXPERIMENTS 

Indole and Skatole 

1. Herter’s ^-Naphthoquinone Reaction. To 10 ml. of unknown solution 
add 2 drops of 2 per cent solution of 0-naphthoquinone sodium monosulfon- 
ate and 2 ml. of 10 per cent NaOH. Let stand 15 minutes. Shake with 2 ml 0 
chloroform. A plnklsh-red color In the chloroform Indicates Indole. Tb>* 
is a very delicate test. 

2. Ehrlich's p-Dlmethylominobenzaldehyde Reaction. To 10 ml. of un- 
known solution add 1 ml. of 5 per cent alcoholic solution of p-dlmethyl- 
aminobenzaldehyde and 1 ml. of concentrated 1IC1. Indole gives a red color 
and skatole a blue color. 

Phenols, Hydroxy Aromatic Acids, and Imidazoles 
Conjugation with Glucuronic Acid and Glycine: Principle. The fate of 
anisic acid (p-methoxybcczoic acid) in the body illustrates the influence exerted by » 
relativdy inert chemical group such as the m ethoxy radical when introduced into 
the benzene ring of benzoic acid In the human organism benzoic acid is conjugated 
almost entirely with glycine to form hippunc acid, whereas only about 50 per cent of 
p-methox> benzoic acid is combined with glycine, the remainder is conjugated with 
glucuronic acid When glycine or gelatin is given with the anisic acid, the amount of 
p-methoxyhippuric acid excreted is greatly increased without, however, depressing 
the coniuzation With ■rliirurnn... ...,1 ' 
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by the naphthoresorcinol test. 3 The remainder of the sample is acidified with 
1 ml. of concentrated hydrochloric acid and stirred to precipitate p-methoxy- 
hippuric acid. Inoculation with a small crystal of the compound will hasten 
precipitation. The crystalline product Is filtered by suction, washed with a 
small amount of cold water, and dried. From the weight of the product plus 
the amount calculated that remained in solution (100 ml. of urine dissolve 
0.24 g. of p-methoxyhippurlc acid), the quantity of anisic acid which is con- 
jugated with glycine can be calculated. 

Quantitative Bromi nation 

Method of Day and Toggard; 4 Principle. Phenol, aniline, and manj of their 
derivatives such as hydro*} - and ammoaromatic acids are readil} brominated A 
quantitative replacement of one or more nuclear hjdrogens by bromine occurs From 
the amount of bromine consumed, the quantity of aromatic compound is calculated 

Procedure. 0.2 g. of />-methoxyhippuric acid obtained in the preceding 
experiment and purified by recrystaliization from hot water is neutralized 
with sodium hydroxide and diluted to 75 ml. The solution is quantitatively 
transferred to a 500-ml, glass-stoppered bottle, and 25 ml. of 0.2 N bromate 
solution (75 g. of KBr and 5.6 g. of KBrO s per liter) is added. The solution is 
acidified with 5 ml. of concentrated hydrochloric acid and shaken for one 
minute. After 30 minutes the reaction bottle is cooled in ice or under the 
tap. The stopper is dislodged sufficiently to permit adding 5 ml. of 40 per 
cent KI solution. Care must be taken to prevent bromine vapor from escap- 
ing. The liberated iodine Is titrated with 0 1 N sodium thiosulfate, using 
starch solution as indicator. The amount of bromine consumed is calculated 
from the difference between the number of ml. of thiosulfate required in the 
titration of the sample and the titration of the blank using 25 ml of 0 2 N 
bromate solution. 

Calculation The bromine is supplied by the reaction 

KBrOa + 5 KBr + GHCI = 3Br, + 3H s O + GKCI 
One molecule of p-raethoxyhippunc acid reacts with one molecule of bromine 
CH,OC«H*COOH + Br, = CfI,OC*H,BrCOOH -f HBr 

Eachml of 0 1 N thiosulfate is equivalent toO 0l045g of p-methox,jhippuricacid 
For the bromine equivalent of other amino and phenolic compounds the original 
articles of Day and Taggard and of Quick should be consulted 
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General The fetes include the residue remaining in the intestine a e 
the digestion and absorption of food together with products of intesti 
secretion epithelial debns, and bactenal grow th and decomposition 
They are composed of the following substances 

1 Food residues i e , those portions of the food which cither escape 

are incapable of digestion and absorption , 

2 The remains of the intestinal and digestive secretions not destroj 
or reabsorbed 

3 Substances excreted into the intestinal tract, notablj phospna 

and other salts of calcium, iron, and other metals , 

4 The bacterial flora of the intestinal tract and their metabolic en 

products . 

5 Cellular elements to which may be added, under pathological cona- 
tions blood pus mucus serum and parasites 

6 Abnormally, enteroliths, gallstones, and pancreatic calculi 

Hie amount of the fecal discharge vanes with the individual and tne 
diet Upon an ordinary mixed diet vanous authorities claim that ■ * 
daily excretion by an adult male will aggregate 110-170 g with a sou 
content ranging between 25 and 45 g , the fecal discharge of such an w 
div iduol upon a vegetable diet will be much greater and may even be 8 s 
great as 3o0 g and possess a solid content of 75 g In the authors' e< 
pencncc the a\ cragc daily output of moist feces, calculated on the basis of 
data secured from the examination of over 1 000 stools was about 100 g 
The vanation in the normal dail> output is so great that this factor is of 
\erj Idtle \ alue for diagnostic purposes, except where the composition of 
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cause the total amount of m'the feces evacuated 

ma>~be gathered from a consideration 

which is chemically identical vitl stel cobilinogcn (01 urobilinogen) 
formed by oxidation of a chrom K exposure to air The primary 

This explains the darkening of stookup^ ^ reduced bj intestinal 

precursor of these compounds is bill o{ a {ac tor f ro m bile this 

bacteria to mesobilirubmogcn m t • P or stercob ihnogen according 
intermediate is transformed to ? decbne to negligible amounts of 

to the relations shown on p 413 A rap ^ shown to follow the 

urobihnogen m the feces bile and t , c doses Neither bilirubin nor 
admimstration of aureomycin in *^ era . p l . 0 0 f „dults although the 

bil.verdm occurs normally in the fecal ^harge^aa „ these 

former maj be detected in the e ' Icr ? : h in( ficate an abnormally 

pigments arc found in the feces of adults uiej transformation 

rapid transit through the large hovel Panting “Jed- for the isola 
into stercobihnogen A simple math ° d f m crystalline form The 
tion of stercobilin and. urobilin tro ™ J J nced b 3 the diet A mixed 
color of the fecal discharge is greatly indue y from 1)ght to dark 
diet for instance produces stools which \a y brmma h black stool 
brown an exclusive meat diet e" es rls invariably light colored 
whereas the stool resulting from beets the chloro- 

Drugs and certam pigmented foods su . ies cac h a ff or d stools 
phyllic vegetables and illustrated by the occurrence of 

having a characteristic color This f rhubarb ^enna or santonin 

yellow stools following the adminis treatment Tbe grC en color of the 
and of red stools following pron d t0 bl inerdin The black 

calomel stool is generally belicv blsmutb or iron drugs result from 
stools followang the ad™ 1 "® 1 ' ° or sub oMdes In cases of biliary ob- 

the formation of metallic su ^ the presence of excess fat result i 
struction the absence of P 1 ® 1 ? ac bolic stools Barium meals used in 
the formation of grayish v . . ^hlte color to the feces 

roentgenographic diagnosis i • P , d f feces is due to skatole an 

Odor Under normal conditions tneo^ e trefnctu0 processes 

indole two substances form Chapter 20) Such compounds ns 

occurring wathin the ™ md sunilir substances resulting 

to some pathological sou M C h,m »• ro- 

“7^7™ no.o sn.no " dM '" 

(l»o3) 
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Reaction. Experiments in which the actual hydrogen ion concentre 
tion of the feces was determined indicate that the normal reaction of the 
excreta is slightly alkaline (pH 7 0 to 7 5) Pronounced dietary changes 
(eg, low-protein diet, high protein diet, fasting, watcr-dnnkmg with 
meals) produce at most only minor changes m the reaction of the feces 
The ingestion of large amounts of lactose may cause the production of 
an acid reaction 

Consistency'. The form and consistency of the stool is dependent re 
large measure upon the nature of the diet Lnder normal conditions 
the consistency may \ an from a thin, pasty discharge to a firmly formed 
stool Stools which arc exceedingly thin and watery ordinarily haves 
pathological significance In general the feces of the canmorous animals 
are of a firmer consistency than those of the herbiv ora 

The continued ingestion of a diet w hich is \ cry thoroughly digested and 
absorbed is frequently accompanied by the formation of dry , hard, fecal 
masses ( scybala ) Constipation generally results from the small bulk of 
the feces and its lack of moisture At present the formation of scybala is 
considered pathological, as an expression of spastic constipation To 
counteract this tendency toward constipation the ingestion of agar agar 
psyllium seed or other \cgetable gums is practiced These arc relatively 
indigestible and readily absorb water, thus forming a bulky fecal mass 
which is sufficiently soft to permit easy evacuation Mineral oil bccauso 
of its lubricating and softening properties is much used as an aid in o' or 
coming constipation Though it is inert and practically nonab a orbab!o 
excessive amounts of mineral oil may interfere with the absorption of 
fat-soluble vitamins 


Separation It is frequently desirable for clinical or experimental pur 
poses to make an examination of the fecal output which constitutes the 
residual mass from a certain definite diet Lnder such conditions it >3 
customary to cause the person under observation to ingest at the begin 
mng and end of the period in question some substance sufficiently dif 
lercnt in color and consistency from the surrounding feces to render 
comparativ ely easy the differentiation of the feces of that period from the 
feces of the immediately preceding and succeeding periods One of the 
most satisfactory methods of making this separation is by means of the 
ingestion of a gelatin capsule containing about 0 2 g of powdered char 
coal at the beginning and end of the period under observation Th* 
procedure cause? the appearance of tuo black zones of charcoal in the 
fecal mass A capsule contam.ng carmine (0 3 g ) may be used in a sum 1 ” 
manner and forms tuo dark red zones Chromic oxide (Cr.O.) has also 
of feS.T r 1 f n r thlS 1> . urp< f e ’ Somo "nular method for the separation 
meS^CT 5 P T“ <1 , m "nth accurate rn.mt.on or 

“ E ar“ eThe m , Conduot « 1 f “- ‘he collect.on of useful data 

teg|rdme tl. e .ncome and output of n.trogen and other element, 
of the Exam.nat.on Among the maeroscop.cal const.tucnt* 

„ rX i JS? 0n , t, ° nCd f he ‘°h°" In g Intestinal parades and 
undigested food parties gallstones pathological products of 

Z 020 UM > ,w 
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the intestinal wall, enteroliths, intestinal sand, and objects which have 
been accidentally swallowed 

Microscopical Examination. The fecal constituents which at various 
times and under different conditions may be detected by the use of the 
microscope are as follows (1) Constituents derived from the food, such 
as muscle fibers, connective-tissue shreds, starch granules, and fat, (2) 
formed elements derived from the intestinal tract, such as epithelium, 
erythrocytes, and leukocytes, (3) mucus, (4) pus corpuscles, (5) parasites, 
and (6) bacteria In addition to the constituents named, the following 
crystalline deposits occasionally may be detected 
cholesterol, coprosterol, soaps, fatty acid, fat, hema- 
toidin, “triple phosphate,” Charcot-Leyden crystals 
(see Fig 104), and the oxalate, carbonate, phosphate, 
sulfate, and lactate of calcium 

Fat in Feces. The amount and composition of fat 
excreted by w ay of the feces is largely independent of 
food fat but tends to approximate the composition of Fig 104 Char 
blood lipides Fecal fat is largely of endogenous origin, cot-Leydev Crts- 
the secreted fat bemg partially reabsorbed, only to a TALS 

minor degree does fecal fat come from epithelial debns and bacteria 
About one-third of the fat in normal feces is unsaponifiable The 
coprosterol (also called coprostanol) of the feces is similar to cholesterol, 
and is formed by the reduction of the latter It contains two more atoms 
of hydrogen than cholesterol and is thus a saturated alcohol C27H47OH 
A small amount of cholestanol, an isomer of coprosterol, is also found in 
feces It appears to be formed in the tissues and excreted in the bile 
Except for the D vitamins, cholesterol is the only sterol absorbed from 
the intestine The phytosterols of plants are not absorbed, bemg excreted 
m the feces Coprosterol responds to cholesterol color tests and has the 
same solubility, but possesses a lower melting point and crystallizes as 
fine needles instead of plates such as cholesterol forms 

After the intravenous administration of cholesterol-4-C 14 to normal 
rats it was found* that from 10 to 14 per cent of the total C 14 in bile and 
from 17 to 23 per cent of fecal C H were reco\ ered in the nonsap omfiable 
fraction This includes cholesterol, dihy drocholesterol, coprosterol, etc 
The fatty acid fraction contained little if any C 24 About SO per cent of the 
fecal C 14 and about 90 per cent of the bile C 14 was present in the form of 
bile acids 

The fat content of normal feces may \ ary from 5 to 25 per cent (on a 
dry basis) Excessn e excretion of fat via feces is known as steatorrhea, 
a condition due to failure to absorb fat as in enteritis, hepatic disorder, 
biliary obstruction, celiac disease, or sprue Excreted fat is partly saponi- 
fied and may entail loss of calcium, as soap, to the extent of producing 
pathological demineralization 

Blood in Feces. The detection of minute quantities of blood in the 
feces — so-called occult blood — is an aid to the correct diagnosis of certain 
disorders In these instances tlu hemorrhage is ordinarily so slight that 



*Siper*teIn Jaj Iso, Cl aUoft uti l Dnuhcn Pro- Sar h rftl litol Uni Sf 720(1952) 
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the identification by means of macroscopica! characteristics as well 
the microscopical identification through the detection of erytnrocj 
are both unsatisfactory in their results. Of the tests given for the detect! ^ 
of occult blood the benzidine reaction is probably the most satisfactory 
Since occult blood occurs with considerable regularity and f requeue} 
gastrointestinal cancer and in gastric and duodenal ulcer, its detection 
the feces is of especial value as an aid to a correct diagnosis of these 
orders. Certain precautions are essential, such as the establishment o 
meat-free diet over a period of time before the specimen is codec ■ 
(Feces from a meat diet will give an occult blood reaction with gome of 
most delicate terts.) Bleeding from the bowel such as is seen in h«n^ 
rhoids, as well as the admixture of menstrual blood, is to be consiuc 
in the interpretation of the result. After the ingestion of 50 ml. of human 
blood 85 to 95 per cent of the hemoglobin appears as protohemin in e 
feces. _ . , 

Bacteria in Feces. It has been quite clearly shown that the intestine o 
the newly bom is sterile. However, this condition is quickly altered, ay 
bacteria may be present in the feces before or after the first ingestion 
food. There are three possible means of infecting the intestine; i- e *» 
way of the mouth or anus or through the blood. The infection by mean* 
of the blood seldom occurs except under pathological conditions; thus 
the usual sources are limited to the mouth and anus. . 

In infants with pronounced constipation, two-thirds of the dry su 
stance of the stools has been found to consist of bacteria. In the stools ° 
normal adults probably about one-third of the dry substance is bactena. 
The averageexcretion of dry bacteria in 24 hours for an adult is about 8 g- 
The output of fecal bacteria has been found to undergo a decrease under 
the influence of water-drinking with meals. There is also a decrease in 
intestinal putrefaction, a fact which indicates that at least a part of 
bacterial deficit is made up of putrefactive organisms. In some 
more than 50 per cent of the total nitrogen of feces haft been shown t° 
bacterial nitrogen. 

Some of the more important organisms met with in the feces are the 
following: E. coli, B. laclis aerogenes, Cl. tr elchii, B. bifidus, and coccn 
forms. Of these the first three types mentioned are gas-forming organism-' 
The production of gas by the fecal flora in dextrose bouillon is subject to 
great variations under pathological conditions; alterations in the diet oi 
normal persons will also cause wide fluctuations. Data as to the produc- 
tion of gas are of considerable importance in a diagnostic way, although 
the exact cause of the variation is not yet established. It should be bomc 
in mind in this connection that gas volumes are frequently variable with 
the same individual. For this reason it is necessary in every instance to 
follow the gas production for a considerable period of time before drawing 
conclusions. 

After aureomycm therapy, coliform organisms entirely disapp^ 
from the feces, while the clostridia diminish in quantity and may even 
disappear. No appreciable influence on the fecal flora has been shown t° 


* Hughes: Bril. Sfed J., 7 , 970 0952). 
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follow the parenteral administration of penicillin and dihv drostrepto- 
my cm in combination 

Enzymes in Feces. Various enzymes hav e been detected in the feces 
The first one so demonstrated was pancreatic amy lase The am} iase con- 
tent of the feces has been considered to be an index of pancreatic activity 
The excretion of this enzyme has been found to -increase under the in- 
fluence of water drinking with meals Other enzy mes vv hich hav e been 
found in the feces under various conditions are trypsin, xennin, maltase, 
sucrase, lactase, nuclease, and lipase In an abnormally rapid transit of 
food through the intestinal tract, such as is seen in certain diarrheas, 
nearly all of these enzymes may be detected 

Vitamins m Feces. A -variety of vitamins are present in normal feces 
Their number and amount are subject to wide v anntion under pathological 
conditions Tor example, the feces of enteritis patients hav e been found 
to be deficient m vitamins Bx and B 8 (but not B 2 ) compared with feces of 
normal persons 5 Pennington 8 reports a heat-labile vitamin Bj 2 complex 
in feces of the rat 

Tecal Nitrogen. The nitrogen present in the feces exists principal!} m 
the form of (1) bacteria, (2) unabsorbed intestinal secretions and digestive 
juices, (3) epithelial cells, (4) mucous material, (5) food residues, and (6) 
ammo acids In the earl} da\s of nutntion stud} the fecal mtrogen was 
believed to consist principally of food residues We now know that such 
residues ordinarily make up but a small part of the total nitrogen of the 
stools of normal individuals who exercise normal mastication When 
meat has been bolted, however, from 0 5 to 16 g of macroscopical meat 
residues have been found in a single stool The phrase “metabolic product 
mtrogen” has been used as a designation for all fecal mtrogen except 
that present as food residues and bactena Bacteria cannot logically be 
classed under metabolic mtrogen since they doubtless develop at the 
expense of food nitrogen as w ell as at the expense of that in the intestinal 
secretions In the accurate study of protein utilization 7 a correction should 
be made for metabolic mtrogen Data regarding the output of metabolic 
mtrogen may be secured by determining the fecal mtrogen excretion on a 
diet of proper energy value but containing no mtrogen However, to 
prevent tissue catabolism from exceeding its normal level, it is customary 
in studies of basal nitrogen metabolism to include a minimal percentage 
of adequate protein in the maintenance diet 

Amino Acids in Feces. Fecal amino acids are derived from protein 
digestion as well as from intestinal organisms and secretions It has been 
shown 8 that excretion of free ammo acids was more abundant in the feces 
of the breast-fed infant than m those of the artificially fed infant The 
feces of the breast-fed infant showed alanine to be the predominant ammo 
acid, whereas in the feces of the artificially fed baby \ ahne and lysine pre- 
dominated In experiments on white rats it has been shown that fecal 
excretion of lysme, valine, histidine, and methionine is much higher on 

1 Biai ct a! l?rr clin e*pa~ 44 233 (1952) 

•lenninirton Biochem J 48 x\ui (1951) 

T Sec Protein Utilization in Cl aptcr 33. 

* Ross Lanert 241. 190 (1951) 
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formalin or alcoholic solution of thymol (from which the alcohol may be 
evaporated by warming). Stools may be dried directly in these cans. If glass 
containers are preferred, pyres pots with glass lids may be used. To prevent 
loss of nitrogen sufficient sulfuric acid should be added to render the fecal 
mixture strongly acid. The contents may be dried on a steam bath in a hood 
and the residue weighed and powdered for sampling. If nitrogen or mineral 
analyses are to be conducted, the fresh stools may be mixed with 100 to 200 
ml. of water and an equal volume of concentrated HjSO« gradually added 
while stirring. The homogenized suspension thus collected and preserved 
throughout the 24 hours may be diluted to volume and an aliquot taken for 
analysis. 

2. Macroscopical Examination. If the stool is watery pour It into a shallow 
dish and examine directly. If It is firm or pasty It should be treated with 
water and carefully stirred before the examination for macroscopical con- 
stituents is attempted. The macroscopical constituents may be collected 
very satisfactorily by means of a double layer of cheesecloth or a sieve of fine 
mesh. 

3. Reaction, Thoroughly mix the feces and apply moist indicator papers to 
the surface. If the stool is hard it should be mixed with water before the 
reaction is taken. Examine the stool as soon after defecation as is convenient, 
since the reaction may change very rapidly The reaction of the normal stools 
of adult man is ordinarily neutral or faintly alkaline to litmus, but seldom 
acid. Infants’ Btools are generally acid in reaction. The glass electrode is 
useful in determining fecal pH since it is not affected by reducing substances 
commonly present, nor by the presence of solids. 

4. Starch. If any Imperfectly cooked starch-containing food has been in- 
gested, It will be possible to detect starch granules by a microscopical exam- 
ination of the feces. If the granules are not detected by a microscopical 
examination, the feces should be placed in an evaporating dish or casserole 
and boiled with water for a few minutes. Filter and test the filtrate by the 
iodine test in the usual way (see p. 84). 

5. BJood. Undecomposed blood may be detected macroscopically If uncertain, 
look for erythrocytes under the microscope, and spectroscopically for the spectrum of 
ox> hemoglobin (see p 492). 

In case the blood has been altered or is present in minute amount (occult blood) 
and cannot be detected by the means just mentioned, the follow ing tests may be tried 
Be-nzioixe Reaction (a) Make a thin fecal suspension using about 5 ml. of 
distilled water. Shake with 5 ml. of ether to remove the fat and discard this 
ether extract. Acidify the residue with acetic acid and extract again with 
5 ml of ether. Pour the acid ether extract Into a small evaporating dish. 
Evaporate to dryness on a hot water bath (with flame turned out). Add a 
few drops of water, a drop of saturated solution of benzidine in glacial acetic 
acid and a drop of 3 per cent hydrogen peroxide. A blue or green color Indi- 
cates the presence of blood. 

(b) Sude Modification. Take up a little of the solid stool on a match, smear 
it on an object glass, and pour the reagent over It. If there Is blood present the 
smear turns blue and there is no misleading green tint from fluid. Make the 
solution as follows: Add a knlfo-tlp of benzidine to 2 ml. of glacial acetic acid, 
and add 20 drops of a 3 per cent solution of hy drogen peroxide. 
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By this dry technique there is no danger of soiling the fingers, and tt. 
U«t is more seusitn e than tlie usual wet benzidine test. The smear 
stool is either blue or it is not blue. The rapidity of the color change p 
some idea as to the proportion of blood in the stool; with muc 
present the change to blue is instantaneous 

{<■) Iesis-Watt Modification 14 Emulsify a small portion of feces In da 
tilled water. Filter Into a clean test tube, using a Whatman No. 0 
more retentive filter paper. Treat 3 ml. of the filtrate with 8 drops o 
cent acetic acid or glacial acetic acid, and mix. Add 8 drops of hj drogen P* r ^ 
Ide (C P. 3 per cent) to the mixture and shake. Wake a contact ring 
full) overlajing final mixture drop b> drop with an alcoholic benzidine so 
tion M Tl!t the test tube in order to bring about slight mixing at the r 
green color at the area of contact indicates a positive reaction. The Inte 
of color varies with the concentration of blood. 
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again added, and the cylinder shaken for fi\e minutes and set aside When 
the ether has nearly stratified, draw it off and wash as before During the 
second washing, stratification will complete itself Evaporate the ether 15 
until no trace of the alcohol which has been carried over with it remains To 
the residue add 30 ml of low~boiling petroleum ether (it should boil below 
60° C ), and allow to stand over night Petroleum ether for this work should 
be frequently tested for a residue on evaporation If a residue is left, the ether 
should be redistilled Filter the petroleum ether solution of the fat, catch 
the filtrate and washings m a tall, weighed, 100-mi beaker, evaporate off 
the solvent, dry at 90° C , desiccate, and weigh After weighing, dissolve the 
contents of the beaker In 59 ml of benzol, heat almost to the boiling point, 
add 2 drops of a 0 5 per cent solution of phenolphthalein, and titrate with a 
decinormal solution of sodium alcoholate 14 

CAtctriATlONS The weight of total fat is obtained by subtracting the weight of the 
empty beaker from the weight of the beaker plus the dried fat The weight of fatty 
acids (in terms of mg of stearic acid) is obtained by multiplying the number of ml 
of decinormal sodium alcoholate solution by the factor 28 4 The difference between 
the weight of total fat and the weight of fatty acids is the weight of neutral fat in the 
sample extracted 

A separate determination without the addition of hydrochloric acid may be run 
upon the sample, for the purpose of determining the weight of neutral fat and free 
fatty acids The difference between this weight and the weight of total fat is the weight 
of fatty acid present m the original sample m the form of soaps 
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Erlenmeyer flasks ol about 200 ml capacity may be used instead of beakers for th 
collection of the ether drawn from the cylinders The ether may then be distilled and 
^covered The same procedure may be followed in removing the petroleum ether 
14 See Appendix 
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General. Blood serves as the principal transport system of the bod), 
the heart furnishing the propulsive force. The most important quantita- 
tive functions of the blood are to bring oxygen and nutrients to the tissues 
and to carry away the waste products and deliver them to the excrctoo 
organs — the kidneys, lungs, biliary system of the liver, intestinal mucosa/ 
and skin. Blood also plays an important role in coordinating the activities 
of various tissues through distribution of hormones, in maintaining the P* 1 
and the oxidation-reduction potential within narrow limits, in controlling 
temperature, osmotic pressure, and ionic concentration, in supply 10 *’ 
defense against infection, and in guarding against hemorrhage. 

The blood makes up about 5 to 7 per cent of the body w eight in ma°i 
or approximately 2 to 3 liters per sq. m of body surface, being more 
nearly proportional to the latter than to weight. Lower relative volumes 
of blood arc observed in obese than in thin individuals. The volume of 
the circulating blood in a normal individual is maintained within rather 
narrow limits; any marked change in blood volume, as by sudden severe 
hemorrhage, etc , lias serious consequences and may oven result in death 
Blood volume may he measured by the addition to the blood of a known 
amount of a readily detectable and nondiffusiblc substance, such « 
certain dyes,^ hemoglobin derivatives, and radioacttvc compounds; the 
extent to which the substance is diluted by the blood is a measure of the 
total blood volume. 

Composition of Blood. Since blood has numerous functions, its com* 
position is necessarily complex. The general composition is summarized 
in the following table: 

I. Cellular fraction 
Volume: -15 per cent 
Constituent cells 

1. Lrythrocytes (5,000,000 per rmm.) 

2 leukocytes (0,000 per emm ) 

3 Platelets (250,000 per emm ) 

II. Plasma fmrtion 
Volume 55 per rent 

A. Nomhffu«'ible constituents 

1. Albumins 

2. Globulins 

3. niinnngfii 

4. Knzjmes, hpidcs etc 

iV, 
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B Diffusible constituents 

1 Catabolic products urea, creatinine, line acid, etc 

2 Anabolic constituents glucose, amino acids, creatine, etc 

3 Electrolytes Na+, K+ Ca++ Mg++ Cl", HCOl, HPO7, 
H-POr, etc 

4 Hormones, \ itamms, etc 

The specific gravity of whole blood is about 1 060, that of plasma is 
approximately 1 02G Since the cells are hea^ ler, they can be separated 
from plasma by centrifugation The pH ai erages 7 4 , the 1 iscosity 1 7 
to 2 (water = X), the freezing point —0 56° C and the total osmotic 
pressure at 37° C is 7 6 atmospheres 
Blood Plasma and Serum When plasma is obtained without the ad 
dition of an anticoagulant, it is called nail te Such a plasma, if kept from 
having contact with a wettable surface and cohered with mineral oil to 
delay the escape of carbon dioxide, retains fairly closely its in vno state 
and composition For the usual chemical analysis, plasma obtained by 
the addition of sodium oxalate to preient clotting is generally suitable 
and is commonly employed 

Scrum is the fluid obtained when blood clots It is similar to plasma m 
composition but lacks fibrinogen and has a diminished concentration of 
other clotting factors such as prothrombin Serum is preferable to plasma 
for the determination of calcium albumin and globulin 
The plasma contains about D1 to 92 per cent of w ater and about 8 to 
9 per cent of solid matter, of which about 7 per cent, or more than 85 
per cent of the total solids, is protein 

Plasma Proteins. The plasma proteins represent a complex mixture 
containing a number of components which differ m properties and func- 
tion The major component proteins of plasma include (1) fibrinogen, 
(2) the venous globulins, and (3) the albumins, (4) nucleoprotem and 
(5) seromucoid are also present in limited amounts 

Fibrinogen The fibrinogen of normal human plasma is present in a 
concentration of about 0 19 to 0 33 g per 100 ml of plasma The a\ erage 
in the Red Cross series w as 0 28 g per 100 ml Fibrinogen is hkew ise 
found in lymph and chyle as well as in certain exudates and transudates 
Human blood fibrinogen is said to ha\e a molecular weight of approxi 
mately 500 000, although research suggests that it ma\ be as Ion as 
350 000 The molecule is highly elongated, with a length estimated to be 
from GOO to 700 Angstrom units and with an axial ratio of about 20 to 1 
The 11111110 acid composition is given m Chapter 4 '•J'lhnnogcn is in- 
soluble m salt-free water but is soluble in dilute salt solutions It is the 
most readily precipitablc of all the common blood proteins b\ con 
centrated salt solutions, being precipitated upon half saturation with 
sodium chloride or 20 per cent saturation with ammonium sulfate 
The coagulation temperature of fibrinogen is about 55° C in neutral 
solutions 

Fibrinogen is unique among the blood proteins in that it is readily 
converted into insoluble fibnn by the action of the enzyme thrombm 
Research has contributed to the elucidation of the mechanism of this 
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reaction 1 Apparentlj when thrombin acts on fibrinogen, a fibnno-pep- 
tidc is split oil and the remaining molecule becomes actn ated It polvm f r 
lzes to form fibrin, which separates as simple and compound fibers Tin 
interestingly exhibit cross-stnations with a constant periodicity The 
fibrin fibers form a meshwork or reticulum which constitutes the frarc A - 
work of the clot On standing the clot shrinks, thereby expressing flea 
serum This phenomenon, which is called clot retraction, depends on t 
presence of intact platelets which adhere to the fibnn strands and are i 
some wa\ responsible for condensing the fibnn mass 
Alblmins and Globulins The bulk of the plasma proteins con'id 
of the albumin and globulin fractions The albumin fraction ordman r j 
preponderates comprising well over one-half of the total piotem 
normal human plasma, but this relation maj be altered or e\ en re\‘ r eo 
in disease As a class the plasma albumins differ from the globulins in 
ha\mg a greater solubility, a lower molecular weight, and a m ore aci 
isoelectnc point Human scrum albumin, for example, has a Hi olccuwr 
weight of 09,000 and an isoelectnc point at pH 5 4, while the 7 r 
ulin of serum (see p 403) has a molecular weight of 150 000 and *u * y 
clcctnc point at pH 0 5 Marked differences in amino acid comp >-i ,,on 
between albumins and globulins have been established, as is ev id* id fr*’” 1 
the data of the table on p 122 m Chapter 4, but these differ™ * "” ,le 

significant from an analj tical point of v jew , as yet hav e not been related to 
differences in either structure or function 

The albumin fraction of the plasma is relatively homogeneous at 
well characterized, a number of serum albumins from \ tri >us sources 
ha\e been obtained m crystalline form Some of these crj st dime protein* 
appear to contain carbohj drate as an integral portion of the molecule 
The globulin fraction on the other hand appears to consist of a xanet'f 
of proteins of somewhat similar general characteristics but which b) 
suitable means ma\ be further fractionated into a number of component* 
Vlthough relativelj homogeneous fractions of the plasma globulin- 
have l>ccn obtained, none of there proteins has as jet been crjfctalhz^ 
hrom the point of view of solubility, two general types of globulin nr® 
recognized, euglobultn and pseudoglobulin 

I u globulin is a true globulin in that it is insoluble m salt-free water 
preuuoglobulm, while possessing the general properties of the globulins 13 
soluble in salt-free w ater This distinction betw een two ty pcs of globulin-* 
while useful, is bj no means well defined The extensive studies of ‘W 0 
sen on this subject, already referred to in Chapter 5, have led him to 
postulate that the globulin fraction of serum represents a loose combms 
t'°n o* cuglobuhn and pseudoglobuhn of the tjpe E.P, in which F » nd 
1 represent cuglobuhn and pseudoglobuhn complexes respectively c ° m 
bine<l in the relative proportions of p and q Fractionation bv vanou* 
means results in a shift in the proportions of E and P with the resultant 
formation of more soluble and less soluble complexes S| 5 n nson was u»al 1® 
t o prepa re a sample of either euglobulin or pseudoglobuhn which ** 

(.W ,W 902 a9j,) f-k—k* IUk wit* And »„«.«» / 

'lUwntnil Ioft« J f tp w 2S5 
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entirely free of the other protein Cohn, McMeekin, cl al , ha\ e likewise 
shown 5 that the euglobulm fraction of serum protcm (1 e , globulin pre- 
cipitated by dialy sis) is considerably increased m amount o\ er that first 
obtained by ammonium sulfate fractionation if the precipitated protein 
is freed from the last traces of salt by electrodialysis and if the solubility 
is no* influcn '’d by the presence of other proteins 

Frac' innation of the Plasma Proteins. The separation and charac- 
tenzatioa of the individual protein components of the plasma is of con- 
siderable impoil nice It facilitates study of the chemical nature and 
physiological fu*ulton of eacli protein and of the significance of xana- 
Uon m the protcm composition of the plasma in health and disease 
It likewise had to the possibility of the commercial preparation, from 
human or mu i d plasma, of purihed preparations of the individual 
piolem*- for laboratory, clmw al, and industrial use 

Methods for separating the plasma proteins from one another are 
based almost entirely upon (1) differences m physical properties, such as 
solubility in water, concentrated salt solutions, and other sohents; 
(2) rate of sedimentation in the ultraeentrifuge, and (3) rate of electro- 
phoretic migration The various plasma proteins do not differ sufficiently 
in chemuul icimposition or behavior to permit their separation at the 
present tunc on a purely chemical basis Immunological means of separa- 
tion — i e the use of precipifcms (cf Chapter 5) — specific for the individual 
protein, h tie certain disad\ antages and have been little used 

Differences in Physic cl Properties The type of fractionation 
obtained by differences m solubility in water and in concentrated salt 
solutions is illustrated m the following table which has been adapted 
from the work of various investigators 4 The salts listed in the table, 

riUCTlON ATIOV OF Tilt PLASMV PROTEINS BY CONCENTS 4TEt> SaLT SOLUTIONS 


Protein 

I 

1 Solubility 
W 

Disl H-0 

Precipitated by 

Appron 

mate 

A'orwiaJ 
Cone in 
g per 
JOO ml 
Plasma , 

- -I 

| Per Cent 

Per Cent ] 
Saturation I 
icith jY II a 
S ulfate 

G So- 
dium Sul 
fate per 

100 ml, 

at 37* C 

of Total 
Protein 

Fibrinogen 




1 

0 3 | 

4 

LuRfotmlm 



13 5 

0 2 

3 

Pscudoglohuhn 1 

+ 1 

AO 

17 5 

1 1 

17 

PbfiuloglobtjUn II 

+ 1 

AG 

21 5 

0 5 

7 

Mbumm 

+ 

>50 


5 2 

09 


ammonium sulfate and sodium sulfate, are those most commonly em- 
ploy ed, sodium chloride, magnesium sulfate, and sodium or potassium 
phosphate may also be used under suitable conditions It wall be seen 


* Cohn MpMpckm Oncli7> Newell nnd lluche* J 4m CApm Soc M 33S0 (1010) 

* Howt> J Biot them o lOaiidSIl Gutman VIoorp Gutman McCIpllnn and Kabnt 
J Clin Inrrxt W 70S (19t{) and others 
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that as the concentration of salt is progressively increased, the vanou 
fractions become insoluble and will precipitate from solution- Fibrinogen 
which is sometimes classified as a globulin because of its solubility c w 
acteristics, is the least soluble protein, followed by euglobulin, 
pseudoglobuhns, and albumin. It is usually considered that c» _ 
globulins of plasma are precipitated upon half-saturation with ammoniw 
sulfate, or by a 22 per cent concentration of sodium sulfate at 3< b-, 
and that the protein remaining in solution is albumin. This is the common 
analytical basis for separation of the albumin and globulin fractions o 
plasma prior to their analytical estimation. , 

The fractionation represented in the table above must be re S ar “, 
as being quite arbitrary’. The precipitation limits are not sharply defined, 
as might be inferred from the table, but rather represent arbitrary 
established limits which in reality correspond to zones, between whic 
there is no well-defined transition. The quantitative values given in tb* 
tabic are therefore characteristic of this particular type of fractionation 
only, and should not be expected to agree with values obtained by 
tionation by other methods. Despite this limitation, the method has 
pro\ed of value in many studies on the variation in plasma protein 
fractions in health and disease. . 

Fractionation of the plasma proteins by various concentrations 0 
aqueous alcohol is described by Cohn, Luetscher, el al * While alcohol 
denatures proteins readily at room temperature, denaturation does no 
occur at temperature ranges of 0° to —5° C., and satisfactory' fractiona- 
tion of the general nature of that obtained by the use of concentrated 
salt solutions is obtained. The advantage of alcohol fractionation appeal 
to lie chiefly’ in the ease with which the fractionating agent may' be re- 
mo\ed from the protein, along with water, in the process of preparing 
stable dried preparations of the various fractions (ly'ophilization), th u? 
rendering the method applicable to the large-scale preparation of such oO" 
orotein fractions for clinical and industrial use 

By means of varying the temperature, the alcohol concentration, ®n d 
the pH, Cohn and associate were able to separate the plasma proteins into 
six fractions which they designated by Roman numerals Thus Fraction 
* conta * ns most °f the fibrinogen as well as a high concentration 

of the factor which is deficient in hemophilia, Is obtained at -3° C with 
8 to 10 per cent alcohol at pH 7 2 To obtain the other fractions, 
alcoholic concentration is progres.su cly increased and the pH is lowered 
Of particular clinical importance ls Fraction V which contains nearly & 
ot the albumin. None of the fractions, however, contain pure component J 
^ost of the 7-globulin » distributed between Fractions II and H* 
of l ^,lmmKhtis limiJ,heS dcfimtc I ,rotc ^ion against the paralytic effeet* 
J5? alcohol mclhod „ as , to icM „ati« 

l , nf “ r,una, . cIy - ‘houRh tile nllmmin. »crc 

Xi’ 1 ' 11 point they ncre denatured to the extent th*« 

} "'rtnlK.lizr,! liy the orRmu™ .k. injected The !■>'' 

’*’ , "**« m> 4 D*»u J Am CKrm Eor ti. Z3V> 
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temperature alcohol method has therefore been supplanted by a pro- 
cedure involving the use of specific adsorbants and fractional precipita- 
tion with zinc salts at pH 7 A. The Zn^ ions are removed by means of a 
cation exchange resin. The following components have been identified in 
the fractions obtained in this method: 


Or Cation-Exchange 
Resin 

On Stroma of Red 
Cells 

Precipitate with 
Zn++ at pH 74 

Filtrate from 

Zinc at pH 74 

Prothrombin 
Prothrombin acceler- 1 
ator 

Leukocyte factor 
Lipoproteins 

Isoagglutimns 

Fibrinogen 

Immune globulins 
Other globulins 
^-Lipoproteins 
Cu-protein, etc. 

Albumins 

Metal-combining 

globulin 

Glycoproteins 

Amylase 

Iodoprotein 

Esterase etc. 


The serum albumin fraction so prepared is relatively heat-stable, does 
not contain any known virus contaminants, and is approximately as 
active osmotically as untreated human plasma. 

Use of the Ultracentrifuge. Separation of the 
plasma proteins in the ultracentrifuge of Svedberg 
(see Chapter 1) has had somewhat limited applica- 
bility because of the superiority of other available 
methods, but has yielded valuable theoretical infor- 
mation. It has been found that bovine serum con- 
tains an albumin with a molecular weight of about 
64,500 as estimated from the sedimentation data, 
together with several globulins. The two most 
abundant globulins have molecular weights of about 
165,000. 

v Electrqphorfsis. The fractionation of the 
plasma proteins by the use of electrophoresis (see 
Chapter 1) was initiated largely by the pioneer work 
of Tiselius. In the electrophoretic separation of the 
plasma proteins, advantage is taken of the differ- 
ences in mobility of the various protein ions present 
Jhe” influence of a potential gradient. The 
protein solution is first dialyzed against a suitable 
buffer solution through cellophane tubing (Visk- 
ing sausage casing) in order to equilibrate the two solutions with 
regard to their pH and conductivity. In an electrophoresis cell of the 
type shown in Fig. 105, one of the rectangular limbs and the bottom 
section are filled with the protein solution, while the other limb and the 
rest of the electrophoresis cell including the electrode vessels (not shown in 
the figure) are filled with the buffer solution serving as the outside fluid 
during dialysis. Sharp starting boundaries arc produced by manipulating 
the cell sections. Reversible electrodes of the silver-silver chloride type, 
immersed in strong ICC! solution, are connected with a suitable source of 



Fia. 105. Ttpe or 
Cell Used for Elec- 
trophoresis Studies 
ov Plasma Proteins 
Courtesy, Klett Manu- 
facturing Co , New York. 
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high v oltagc direct current Under the influence of the potential gra 
thus produced (4 to 8 volts per cm ) the \anous species of protein ion 
present migrate downward in one limb of the cell and upward in e 
other, in the direction toward the anode at alkaline pH -values, a * 
rate which is a function of the surface-charge density , i e , the number o 
free positive (or negative) charges per area unit of the surface o *• 
protein molecules Bj so moving, the individual protein ion species o 
more or less w ell-defined boundaries arranged in the order of their re^pc 
live electrophoretic mobilities However, it is to be noted that there® 
considerable amount of ov erlappmg of the various protein regions so 
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onl> the fattest and the stoic est components in a multicomponent svstcW 
maj as a rule, be obtained in pure form by means of the mov mg bound 
ar> technique As the concentration of the individual proteins changes **»' 
index of refraction of tlie medium likewise changes, and b> suits* * 
optical method? based upon this principle the migration of the various 
nrotein fraction* mot .1 h 


* “H”" pnncipie tnc migration 01 uit »**• 

protein fraction, mnj bo follottcd (Longsnorth, Stcn„on) , 

the tape of pattern obtained during electrophoresis of a nm,urf ' 
component, is illustrated b, Rg 100, ninth represents the clec<r°- 
phoretic pattern, of tanou, animal plasma, Tlie distance 3 long 1 
““ " “ mc!L ™ rc of *1“ rclatiic tclocitj of mencment of the tanou, K® 
'"T™, 1 - a,1 ' 1 1 tl “= !■=■<*» of the peak, correpond, to tlie 
n,ml n^ fn> ”t“ lc5 ’"t 1 "" 1 * ‘ h » raot mg boundarj and the -’'ll 3 ""; 
S', !‘ nd ' -r Mrh >*«"« proportional to the amount 

matenal prcvmt motmg stub an aterage telocitj- repre-OTted 1>J tbt 
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position of the peak along the x axis Thus by this method it is possible 
not only to distinguish, between ion species of different mobilities but 
also to estimate the relative amounts of each type of ion present 
Tisehus demonstrated that normal plasma contained at least five 
electrophoretically distinguishable components, which were identifiable 
as albumin, fibrinogen, and three globulins, designated a- } and 7 -glob 
ulm respectively , the a globulin having the fastest velocity in the globu- 
lin group and the 7 -globulin the slowest From electrophoretic data, it is 
clear that while albumin and fibrinogen are reasonably homogeneous — the 
high sharp peak corresponds to a migration of protein 10 ns the majority 
of which have the same net charge and weight — the globulin fraction 
consists of a number of types of ions w hich may be classed roughly into 
three groups but obviously include 1011 species of quite varying mobilities 
within any one group I ndee d, later workers have been able to show that 
the three globulin fractions of Tiselius may be resolved into further com 
ponents which have been designated ao- and a^-globulin, fii- and £ 2 -globu. 
Imjetc In addition, stationary peaks, designated ns 5 and e respectively 
are observed m the ascending and descending boundary diagrams (se< 
Fig 106) These have been shown to represent boundary anomalies 
rather than additional protein components The fibrinogen boundary', 
usually' designated by' the symbol <f>, is situated between the 0- and 
7 globulin boundaries Following the example of Longsworth, most 
workers employ a diethylbarbitunc acid-sodium diethylbarbiturate 
buffer system of pH 8 6 and 0 1 ionic strength which yields the highest 
degree of resolution of human serum or plasma diagrams 

The type of quantitative distribution of the plasma proteins that is 
obtained by electrophoresis is illustrated m the table below 


Distribution of Proteins in Citrated Plasma, as 
Determined by Electrophoretic Analysis* 



Grains per 
100 ml of 
Plasma 

Per Cent of 
Total Protein 

Total protem 

6 03 1 

100 

Albiimm 

3 32 1 

55 

o-Globulm 

0 84 

14 

0-Globulm 

0 78 1 

13 

7-Globulm 

0 66 1 

11 

Fibrinogen 

0 43 

7 


• Adapted from data of Cohn Onclej <t at J Chit Invest 25 417 (1044) 

It is to be noted that the three nvun globulin components arc here present 
in approximately the same concentration, and furthermore that the ratio 
of albumin to globulin (the so-called ** A/G ratio ") is 1 15 This \ nine is to 
be contrasted with the v alue of approximately 2 0 or higher w Inch is ac- 
cepted as normal for fractionation by sodium sulfate precipitation 

There is no simple relation between the fractions of the plasma proteins 
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obtained by salting out and those obtained by electrophoresis studies 
Thus Cohn, McMethin, et al (loc ext ) have reported that at 34 percen' 
saturation with ammonium sulfate, the protein fraction precipitatin: 
consisted largely of y globulin, one-third of which was euglobulin— -i e 
precipitated on dial} sis At 40 per cent saturation w ith ammonium sulfa 
the fraction contained a- and /? globulins as w ell as some ^-globulin Td. 
fraction likewise contained about one-third euglobulin Increasing tt 
saturation to 50 pier cent yielded a precipitate which was free fro* 
y globulin but which contained both a- and /S globulins, with onlj a* e 
per cent of the fraction insoluble in water Thus the two methods 1 
fractionation — salting out and electrophoresis — jield overlapping re'in-- 
and are not directly comparable But it is to be noted that bj siutabe 
salting-out methods fractions can be prepared which are homogeneous 
electrophoreticallj and which correspond to the fractions obtain 
elcctrophoreticallj Thus Pillemer and Hutchinson® have reported tea 
at 0° C and pH 6 7 to 6 9, fractionation of human serum proteins witn 
42 5 per cent methanol yields A/G ratios which compare fa\ orablj Witfi 
tho^e obtained b> electrophoretic analysis 

Reecntl}, methods for the separation of small amounts of proteins 
e g , scrum or plasma b} electrophoresis in filter-paper strips (zone 
electrophoresis) have been developed by Durrum, Grassmann Ti-ehu 
and others This technique, though not as strictly quantitative as the 
classical moving boundaiy method of electrophoresis, promises to h»£ c 
widespread application in clinical routine work Fig 57 (p 184) shows the 
photograph of a de\ eloped paper strip after serum electrophoresis ^an 
the corresponding curve obtained by photoelectric densitometry of t» e 
stained protein bands It should be pointed out that m zone or pal** 
electrophoresis the induidual bands visible after treating the fi-ved 
strip with suitable stains— c g , Amido Schwarz 10B— contain the actn3j 
protein components rather than represent their boundary against zones o 
different rcfractne index as in the moving boundary method of electro- 
phoresis (compare with diagrams in Tig 10Gj 
- At the Present time it would appear that the electrophoretic method of 
anal} sis of the plasma proteins has its greatest \aluc in studying tn* 
rclatne amounts of the various components present and the c h an £T 
which these components undergo during disease with a view to possib' c 
aid in diagnosis, but fractional precipitation is of value in the largo- 
scale preparation of the individual components for industrial or clinical 
use the punt} of the fractions being controlled b> electrophoretic 
analvsis 


OrHUn °f the Plasma Proteins The l,t „ is usuallj considered to be 
1|C ° f of the plasma protein, although other parts of tt* 

l«d> mat also hate a function la this connection Flbnnogcn 
app^rs to bo dependent cnt.reh upon the I, ter When the liter is dsf 
.go,! eapenmentallt lit poison, the fibrmogen content of the blood fall 
returning to normal tt.tl, liter regeneration and repair If the blood of » 
normal animal Is remoted ns much as possible and replaced h} dcf.bnn- 
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ated blood, the fibnnogen lex el is restored to normal in a few hours, in 
the hepatectoimzed animal this restoration does not occur 
E\ idence relating the In er to the production of the other proteins of 
plasma is less definite Liver atrophy is frequently found m experimental 
and clinical hypoproteinemn Since the albumin fraction appears to suffer 
most under these conditions, it would appear that the liver is associated 
with albumin synthesis, and furthermore that the factors controlling 
the synthesis of albumin are different from those for globulin, indeed, 
there is considerable ex idence that parts of the body other than the lixer 
are concerned with plasma globulin formation 
The study of plasma protein production in experimental animals is 
facilitated by the use of the experimental technique known as plas- 
mapheresis in which whole blood is renamed from an animal, the blood 
cells separated from the plasma and resuspended m a suitable isotonic 
protem-free medium, and returned to the animal’s circulation Thus a 
plasma-protein deficit is produced which maj be maintained at anj 
desired point, and the extent to which the animal attempts to restore 
the plasma-protein lex el to normal may be used as an index of plasma- 
protein formation under various experimental conditions Using this 
technique, for example, it has been found that plasma protein production 
in the dog raaj be maintained at normal lex els for man} xxeeks by the 
intravenous administration of a mixture of purified amino acids as the 
sole source of dietar} nitrogen, and that those ammo acids m particular 
winch have been found by Rose to be essential m the diet of the }oung 
growing rat (see Chapter 33) are likewise significant in the production of 
plasma protein m the dog 

There is increasing evidence that the plasma proteins are in continuous 
metabolic equilibrium with other proteins and ammo acids of the bod} 
This xnew , first postulated by Whipple and collaborators as the result of 
studies on protein regeneration in animals by the plasmapheresis tech- 
nique, is supported by the xx ork of Schoenheimer et al , 7 using the nitrogen 
isotope N 15 When amino acids containing this isotope were fed to 
rats in nitrogen equilibrium, both the tissue proteins and the plasma 
proteins xxere found to incorporate the isotopic nitrogen rapidlj and at 
about the same rate On discontinuing isotope administration, the isotope 
gradual!} disappeared from the plasma proteins, the estimated half 
life of the plasma-protem molecule being about two weeks These and 
other experiments indicate that the plasma proteins m an animal are 
not static but arc subject to continuous influence b} dietary and metabolic 
factors 

Functions of the Plasma Proteins. In addition to the specific phil- 
ological function of certain of the plasma proteins such as the role of 
fibrinogen and prothrombin m blood clotting and the role of the plasma 
globulins m immunological reactions, certain general functions of the 
plasma proteins are recognized These maj be classified as nutritn e and 
ph} sicochcmical 


1 ^choenliejmer Tl&lnrr Uitteribcrjj and lleidribergor J B«ol Chm 144 54 1 546 
(1042) 
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Nutritive Function The nutntne function of the plasma 
has been definitely established largely through the work of J PP 
and his associates They have shown that the nitrogen (and protein 
requirements of the fasting animal can lie adequately supplied 3 
intravenous injection of plasma protein Since this injected pro® 
disappears from the circulation in a short time it is presumably roe a 
lized Analyses of urinary nitrogen excretion after plasma protein wj 
tion indicate an increased catabolism of protein Whether this 
that the plasma proteins are directly utilized metabolicallv or are 
converted into ti«sue protein is not known, such a distinction wou 
pear to be relatively unimportant m view of the existence of sue ^ 
dynamic equilibrium between tissue proteins and plasma proteins 


has already been postulated . g 

PmsicociiEMicAL Functions The physicochemical functions ol 
plasma proteins are equally important Chief of these appear to be 
aid in the maintenance of a normal blood volume and in the maintcoa 
of a normal water content m the tissue fluids By virtue of their c0 “ 01 .. 
dimensions the plasma proteins cannot normally diffuse through t 
blood capillary membranes into the relatively protein free tissue “ U1 
They thus exert an osmotic pressure w hich acts as a force tending 
hold a certain volume of water within the blood This colloidal o' 5 ™ 01 ' 
pressure— or oncohc pressure, as it is sometimes called— has a magnituj* 
of about 25 mm Hg Although this is much less than 1 per cent of t lC 
total osmotic pressure of the plasma nevertheless it becomes the dotni 
nant osmotic force in the blood capillaries since the other plasma con 
stituents arc freely diffusible across the capillary membranes , 

Of the v anous plasma proteins, albumin is by far the most signifies" 
in connection with osmotic pressure, being estimated to account 0 
about 80 per cent of the total osmotic pressure of the plasma protei nS 
Gram for gram, albumin is at least twice as effective osmoticallv 
globulin, largely because of its relatively lower molecular weight It 
been shown that 1 g of plasma albumin is responsible for the retention 
of roughly 20 ml of water m the blood A loss of plasma protein 
particularly of plasma albumin, therefore leads to a diminished bl 
volume, and this is presumably a major cause of the symptoms of hemor 
rhagic shock The administration of plasma protein especially 
albumin concentrates has been shown to be of considerable value in bom 
experimental and clinical shock 

The colloidal osmotic pressure of the plasma proteins is opposed *>' 
the filtenns force of the Wood pressure nhich tends to dme aater an" 
dissoK ed substances across the capillars membranes into the tissue 
At the arterial cml of a blood capillar} the blood pressure exceeds 
colloidal osmotic pressure and fluid is forced from the blood into the 
rT? a ,‘ the end the resei-e action takes place fluid cntennS 

the blood from the ti"«ucs Normall} there is a balance between thc-e 
too oppoein, forces and fluid distribution between the blood and tl«.-»f 

or,!, , 'r b > ™ c, ‘ conditions os a loss p'«®f 

proum content or an increased permeabilitj of the capillar} »olh 
protein, eaccasne amounts of aater ndl accumulate in the ti»a cs 
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(edema). A plasma-protein deficit is therefore an important (although by 
no means the only) cause of edema. Edema due to plasma-protein deficit 
has been successfully treated by measures which restore the plasma- 
protein level to normal. 

A second physicochemical function of the plasma proteins is in con- 
nection with add-base balance. Because the plasma proteins in solution 
at pH 7.4 are on the alkaline side of their isoelectric points, they exist 
to a certain extent as alkali salts. They thus act similarly to the alkali 
bicarbonate of the blood in furnishing base for the neutralization of acid, 
and indeed it has been shown that in the plasma the proteins are second 
to bicarbonate in importance in this respect. 

Other functions of the plasma proteins are also recognized. They aid in 
promoting the mobility of the corpuscles, since red cells settle more 
rapidly in plasma than in protein-free isotonic solutions. The globulin 
fraction appears to be the carrier of the immune substances of the blood, 
and indeed the isolation and concentration of immune substances from 
human plasma is an important phase of fractionating the plasma proteins. 
The plasma proteins also combine with certain drugs and have thus been 
ascribed a vehicular function, although the precise significance of this 
property is not yet known. 

The Erythrocytes. The eiythrocytes or red cells make up about 45 
per cent by volume of the blood. Variations from this value are frequently 
encountered; they are associated with changes in either the number of 
cells per unit volume of blood, or the size of the individual cells, or both. 
The relative cell volume of blood is determined with the hematocrit, a 
graduated tube which may be filled with whole blood and centrifuged. 
The volume of packed cells relative to the initial volume of blood is a 
measure of the cell volume. The top layer of packed cells is frequent!j r 
almost colorless because of the predominance of leukocytes, which are 
not so heavy as the erythrocytes. The same phenomenon is noted when 
blood is allowed to clot without agitation; the lighter superficial portion 
of the clot is then known as the "buffy coat." The rate at which the 
erythrocytes settle, the so-called sedimentation rate, is applied clinically. 
Why the red cells settle out at different rates in the blood of various 
pathological conditions is not known. However, the rate is more rapid in 
tuberculosis, cancer, and acute inflammations. Newborn infants have a 
very slow rate, whereas normal men have a slower rate than normal 
women. The rapidity of the rate increases in menstruation and in normal 
pregnancy. 

The erythrocytes are responsible for the opacity of blood. If blood 
is diluted with water this opacity disappears in a few moments, the fluid 
becomes translucent, and the blood is said to be hemolyzed or Iakcd. 
On diluting blood with 0.9 per cent sodium chloride solution, however, 
no hemolysis occurs. The explanation for this lies in the osmotic behavior 
of the erythrocytes. Each cell may be considered as a miniature osmom- 
eter, the water content of the celt depending upon the osmotic pressure 
both of the cell contents and of the surrounding medium. If, for ex- 
ample, the cell is in a medium such as 0.9 per cent sodium chloride solu- 
tion, which has the same osmotic pressure as the cell contents, the water 
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content of the cell will not change, nor will its size, and the medium* 
said to be nolonic with the cell If the osmotic pressure of the medium*- 
greater than that of the cell contf nts water will be abstracted ” on V ^ 
cell, it will decrease in size, and the solution is said to lie ^ 

solution which has a lower osmotic pressure than the cell conten 
hypotonic, in such a solution, the cell will absorb water and awe 
extent of swelling depending upon the degree of hypotomnty In a 
cicntly hypotonic solution the swollen erythrocyte hr-es its abi 1 
retain hemoglobin, and hemolysis results The osmotic pressure a w 
hemolysis occurs is known clinically as the fragility point, and its ® 
mination has a certain diagnostic value , * 

Other agencies besides osmotic-pressure difTcrenccs will bnng a “ 
hemolysis of erythrocytes These include alkali, ether, chloroform, 
bile salts, saponms, certain bacterial toxins, and snake \enoms In 
instances hemolysis must be attributed to tlie actual modification 
destruction of the cell stroma 

Human erythrocytes arc nonnuclcateil biconca% e disks with an a ' cr3 ^ 
diameter of about 8 p (1 r «=« 0 001 mra ) Mammalian erythrocytes '* 
in size from species to species, ranging from ? r to about 9 a in ^ ,amc 
In the blood of birds, fishes, amphibians and reptiles the erythrocytes 
ordinarily more or less elliptical, biconvex, and nucleated 

The number of erythrocytes present in human blood depends upo 
many factors, such as age sex, altitude, exercise, etc It is usually * 
sidered that the blood of a normal adult male contains 5,000 000 cryt j 
cytes per cmra , for a normal adult female the count is 1,500 000 
creased red-cell count is noted after blood transfusion, during residence 
high altitudes, and after strenuous physical exercise, in the latter case 
count of 7,010,000 has been observed An increase is also noted in sta^ 8 
tion, after partaking of food, after cold or hot baths after massage, #*“ 
partial asphyxia, and after fright as well as after the administration 
certain drugs and accompany ing certain diseases such as cholera, diarr e 
dysentery , and yellow atrophy of the liver In polycythemia counts^ 
high as 11,000 000 have been noted and values almost as high have be e 


poiy cymemia may .u- 

ammals by the inclusion of cobalt salts in the diet A decrease m w 
number of ciythrocy tes occurs in the different forms of anemia, values** 
low as 500 000 per emm or lower hav mg been noted m pernicious anemia- 
Eprthrocytes possess the property of grouping together in mas=e* 
or clumping This action occurs normally on a microscopical s c3 
and since the cell aggregates settle faster than the discrete cells clnmPjJ 
is a major factor in determining the sedimentation rate of the blood eel* 
a characteristic of blood the measurement of w hich was shown by FSbra** 
to have considerable climcal value If the clumping power of the ceU3 
is so enhanced as to produce macroscopically visible clumps the pr<*ej 
is called agglutination CelLs other than ervthrocvtes (eg bacte^ 
?e^^rrf y ’ " h r en Spokcn o{ ln connection with the blood t 
U T £ “ fre 9 uent ly used Observation of hemaggM 1 *! 
S«tl tS °,V he of blood types, so essential in coj 

nection with blood transfusion, indeed, it is agglutination of cry throe' 
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which renders incompatible the bloods of donor and recipient. A sub- 
stance which will bring about hemagglutination is said to contain hemag- 
glutinins; if these are species specific they are known as isohemagglutinins 
In human plasma the isoheroagglulinins are associated largely with the 
/?- and 7 -globulin fractions Hemagglutinins are abundant in the vegetable 
kingdom; for a demonstration of hemagglutination, see p. 486. 

Composition of Red Cells. The red cells contain approximately 65 per 
cent water and 35 per cent solids. Of the solids, the red chromoprotein 
hemoglobin comprises about 32 of the 35 per cent; most of the remaining 
3 per cent forms the stroma of the red cell, which consists largely of 
protein, phospholipide, and cholesterol. Inorganic ions in the red cell 
include potassium, chloride, bicarbonate, and phosphate; of these, potas- 
sium is present in largest amount, being comparable quantitatively, 
and in certain respects equivalent physiologically, to the sodium of the 
plasma. Organic constituents include various phosphate esters and 
certain enzymes, such as phosphatases and carbonic anhydrase; this 
latter is of particular significance in connection with the function of the 
red cells in the carriage of carbon dioxide by the blood (see Chapter 24). 
Certain diffusible substances such as glucose and urea are found equally 
distributed between cells and plasma when concentrations are expressed 
in terras of the water present; it is important to remember in such com- 
parisons as this that on a percentage basis the amount of ivater in the 
cells is much less than that in the plasma 
Although erythrocytes contain oxidative enzymes (the “yellow 
enzyme” of Warburg was first isolated from horse red cells), the respira- 
tory metabolism of these cells is very small. The major functions of the 
red cell appear explicable on a purely physicochemical basis in terms of 
the role of hemoglobin and other substances present in the transport of 
oxygen and carbon dioxide by the blood 
Hemoglobin. Hemoglobin, the red coloring matter of the blood, is 
the most abundant protein in blood, being usually found to the extent 
of about 14 to 1G g. per 100 ml of whole blood. It is normally found 
entirely within the erythrocytes, from "which it may be released by suit- 
able hemolytic agents. It is a readily tnystallizable conjugated protein, 
consisting of a colorless protein portion known as globin, which makes up 
about 96 per cent of the hemoglobin molecule, and a colored nonprotein 
portion or prosthetic group which has been shown to be an iron-containing 
compound belonging to the class of porphyrins. The chemical nature of 
globin has been discussed in Chapter 6 . 

The molecular weight of hemoglobin is approximately 67,000, con- 
cordnnt results being obtained by a variety of methods. The iron content 
of crystalline human hemoglobin is 0 340 per cent. Since this corresponds 
to a minimal molecular weight of 16,700 on the basis of one Fe atom per 
molecule, it has been concluded that the hemoglobin molecule contains 
four Fc atoms, and the physicochemical behavior of hemoglobin is in 
Agreement with this conclusion. 

It is now clearly established that several types of human hemoglobin 
exist. In the prenatal period, the blood contains hemoglobin distinctly 
different from the adult type. It is called fetal hemoglobin and is rccog- 
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nircd by its alkali resistance Total hemoglobin gradually disappears 
during the first >ear of life except in certain chronic anemia states i 
which it continues to be present m the blood Sicf le-ccll anemia, a 1S ' 
confined almost exclusively to the Negro is characterized by an a mo 
hemoglobin and a peculi ir helm lor of the erythrocytes The cells acq 
a crescent shape when subjected to low oxygen tension Sickle cel > 
globin and normal hemoglobin ha\e the same oxygen dissociation cu 
similar crystal forms and identical solubilities, but differ in their e cc 
phorctic mobilities This difference is sufficient to produce a senous i 
which is transmitted by inheritance 

Hemoglobin is readily separated into its protein and prosthetic gr 
components by treatment with acid, the globin usually being dena u 
in the process and the iron containing portion being obtainable un 
the proper conditions in the form of an insoluble crystalline compou 
known as hemm The formation of hcmin crystals is frequently use a 
test for blood because of their characteristic appearance and the ? ^ 
with which they may be obtained Hcmin has been synthesized an 
structure is represented by the following formula 



It can be seen that the hemm molecule contains iron in the tnvalea 
form and that the rest of the molecule consists essentially of four 
Btitutcd methyl pyrrole rings linked together by — CH= bridges Suc^ 
a molecule is known as a metalloporphynn the metal in this case being 
iron Various isomers of the porphyrin molecule are known differ^ 
m the relative position of the substituting side chains the isomer 
in hemm being called protoporphyrin To indicate the valence of 
iron which is of importance it has been suggested that the terms f 
protoporphyrin and femprotoporphynn be used Thus hemm is J® 
chloride of femprotoporphynn The term heme is also frequently used a* 
equivalent to femprotoporphynn hemm then being the chloride o* 
heme The older term “hematin has been largely abandoned became 
o' md ? fin,l 0 “"notation ,t is roughly equivalent to home 

" ,c " h ™ ,n ” treated with a »u, table reducing agent the feme >«" 
" , rcdu r' d ‘° lho , “runs state The resulting ferroprotoporphynn 

'« V- 'T "-■‘‘'''•y eomhmes with undenatured globin to form a 
S ™ V’ clos , ol y B,mi 'ar to if not identical with natural 
globin Thus hemoglobin la a combination of globin with reduced heme 
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the iron in the hemoglobin molecule being in the ferrous state. The 
nature of the combination between the protein and the prosthetic group is 
not known. 

Heme and reduced heme have the ability to combine with other 
nitrogen-containing compounds besides globin and denatured globin; 
such substances include other proteins, ammonia, cyanide, nicotine, 
pyridine, etc. These combinations are known in general as hemochromo- 
gens. Spectroscopic and other studies of the various natural and syn- 
thetic hemochromogens have thrown much light on our knowledge of 
the chemical behavior of heme and hemoglobin, and hemochromogen 
formation has been utilized for the qualitative detection and quantitative 
determination of hemoglobin. The occurrence of heme in nature as the 
prosthetic group of the enzymes catalase and peroxidase, and in the 
cytochromes, has already been discussed (see Chapter 12). 

Combination of Hemoglobin with Oxygen. A major physiological 
function of hemoglobin is based upon its ability to react reversibly with 
oxygen. This reaction may be written as follows: 8 

Hb 4’ Oj Hb0 2 

Hemoglobin Oxyhemoglobin 

Under optimal conditions, 2 g of hemoglobin mil combine with 2 36 ml. 
of oxygen. 4 The product of this reaction, oxyhemoglobin, is as well char- 
acterized a compound as hemoglobin, and is quite stable with respect to 
its oxygen content as long as there is sufficient oxygen present to prevent 
the reaction from going to the left Oxyhemoglobin may be crystallized, 
and a specific form of crystal is obtained from the blood of each individual 
animal species (see Figs. 107 and 108) Reichert and Brown studied 
oxyhemoglobin crystals prepared from the blood of more than 100 species 
of animals from the point of view of their crystallographic characteristics. 
Species differences are not confined to crystal form onty; Barcroft and 
others have shown that oxyhemoglobin from various sources may differ 
in spectroscopic characteristics and in affinity foT oxygen. Since hemin 
crystals are identical no matter from what species the blood is obtained, 
the species differences in oxyhemoglobins must presumably be related to 
differences in the globin portion of the molecule. 

The reversibility of the reaction between hemoglobin and oxygen to 
form oxyhemoglobin implies that the relative amounts of hemoglobin 
and oxyhemoglobin present in blood will depend upon the concentration 
of oxygen present, which in turn is proportional to the oxygen tension 
(Henry’s Law). The oxygen tension within the red cells is determined 
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lirgelj hj the oxjfien tension of the plasma, aiiuc oxjgtn is frcel) & 
fusible across the red cell membrane . 

The relation between the decree of ox\ Renat ion of hemoglobin a- 
the oxjgen tenson is usually expressed Kriphitnllj in the form 



Fio 107 Oxyhemoglobin Crtbtals Hr 108 Oxyhemoglobin Cbtst^ 5 
FROM BlOOO or THE lt*T TROW BLOOD Or THE DOG 

TleaellUiitrat onj were reproduce from photom *rofr»pUlureubed !>y tbeUt* Prof E T Pncl ^ 
of the Lnirtmtjr of PciuuyWts ». 



5° ° XTC ?' Dissociation Curve for 
Hemoglobin IN Blood at \ ahious \ a lues of 
Serum pII(pH ) 

Coim^y Slyke .ad Peter, Qua^ at CJ lwal a«w»*r» 


£~ ffiSTj ,S Sfi 

hen blood is in eqinhbnum with ordinary room & 



Chap 22 


Blood, Lymph, and Cerebrospinal Fluid 


473 


(oxygen tension = ca. 150 ram Hg) or with the alveolar air of the lungs 
(oxygen tension ~ ca 90 to 100 mm Hg), practically all of the hemoglobin 
is oxygenated, i e., the per cent saturation of the blood with oxygen is 
from 95 to 100 per cent As the blood courses through the tissue capil- 
laries, however, where there is a constant demand for oxygen, oxygen 
diffuses out of the plasma into the tissue fluids and the plasma oxygen 



Fig HO Relation between Wavelength and Light Absorp- 
tion for Hemoglobin and Other Blood Pigments, nll at a 
Concentration or 1 G. Per Liter and at a Solution Depth 
of 1 Cm 

tension falls to about 40 mm Hg. At this tension the oxyhemoglobin has 
yielded up about one-quarter of its combined oxygen by dissociation; 
thus normal venous blood contains about 75 per cent oxyhemoglobin 
and 25 per cent hemoglobin, or is 75 per cent saturated with oxygen 
Further lowering of the oxygen tension leads to increased dissociation of 
oxyhemoglobin; in the extreme condition of cyanosis only a minor portion 
of the pigment may he oxygenated The sigmoid shape of the curve is 
considered to ha\ e some ph> smlogic.il sigmfu ance As the o\> gen tension 
is lowered (i e , as the demand for o\> gen becomes greater), a given d< 



474 


Practical Phtsiolocical Ciiemistrt 


crease in tcn c ion produces a greater dissociation of oxj hemoglobin than is 
produced for the same decrease in tension at high tensions 
The phj Biological function of hemoglobin is not confined to oxyg* n 
transport, it is of equal significance m the carnage of carbon dioxide J 
the blood This function is discussed in detail m Chapter 24 
Other Reactions of Hemoglobin. In addition to its abihtj to tea 
with oxygen, hemoglobin will react with a vanet} of other compoun 
such as carbon monoxide, mtnc oxide, hjdrogcn sulfide, ferric} ani e 
etc, the product in most ca«cs being a colored compound which 1 e 
hemoglobin and o\> hemoglobin, maj usuallv be identified bj its char 
actcnstic absorption spectrum- 
Thc absorption spectra of hemo- 
globin and some hemoglobin de- 
rivatives arc shown in Fig HO* 5 
the} are obtained quantitative' r 
with the spectrophotometer T e 

actual extent to which thehgh u 
absorbed is indicated by the data 
in Tig 110 

The combination between hemo- 
globin and carbon monoxide * 
form carbon monoxide hemoglob 
is of interest because of the con- 
stant presence of small amounts® 
carbon monoxide in citj air 



bon monoxide hemoglobin m 
bright red pigment which maj 
crystallized (see Tig 111) ^arb® 


the 


Fir 111 Carbon Monotide Hemo- 
globin Crystals from Ox Blood 

“T” B~, , JW u m <*, monoxi(]<; has about 200 timK 
affinity for hemoglobin that oxygen has, furthermore, the formation oi 
carbon monoxide hemoglobin prevents hemoglobin from combining i* 1 ” 1 
oxygen, presumably because both gases compete for the same spot W the 
hemoglobin molecule Carbon monoxide will m fact displace oxygen fro® 
oxyhemoglobin, as this reaction indicates 

HbO, + CO HbCO + 0 2 

Tins reaction ordinarily proceeds from left to nght, it is however reversi 
blc if the concentration of oxjgcn is made high enough, and in this fa® 
lies the therapy for carbon monoxide poisoning Carbon monoxide hemo- 
globin is not toxic in itself , death from carbon monoxide poisoning w P 1 ^ 
sumablj due to failure of sufficient oxjgen to reach the tissues because o\ 
the decreased oxj gen carrying capacity of the blood when a significant 
proportion (40 to GO per cent or more) of the total hemoglobin is « n th f 
form of carbon monoxide hemoglobin The anoxia of carbon monoxide 
poisoning is not due entirely to passive blocking of oxygen transport M 
hemoglobin, the oxyhemoglobin present in blood containing much carbon 
" d . e n hemoglobin has been shown to be less efficient m releasing 
h W Jhe tissues under a given gradient of ox}gcn tension 
b mm] of cit> dwellers regularly contains over 1 per cent of the total 
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hemoglobin as carbon monoxide hemoglobin, tobacco-smoking may in 
crease this to 5 per cent 

When hemoglobin is treated with certain oxidizing agents cither in 
utro or in mto the substance methemoglobin is formed This is a brow n 
pigment which differs from hemoglobin and oxyhemoglobin in that the 
iron is m tlie/eme form l e methemoglobin is a combination of heme or 
ferriprotoporphy nn and globm Methemoglobin is usually detected by 
means of its characteristic absorption spectrum (see Tig 110) It does not 
combine with either oxy gen or carbon monoxide but does form a colored 
cyanide dem ativ e There is httle or no methemoglobin m normal blood 
the appearance of a methemoglobinemia is noticed in certain diseases 
and after the administration of certain drugs among them sulfanilamide 
Methemoglobin is not toxic its presence m blood simply means a pro- 
portional reduction m the oxygen carrying capacity of the blood The 
clinical induction of a moderately severe methemoglobinemia lias been 
proposed as an aid m the treatment of cy anide poisoning since methemo- 
globm combines with cyanide and may thus prevent the latter from re 
acting with enzymes in the tissues 

Origin of Hemoglobin Hemoglobin is synthesized m the body from 
the ingredients of the diet iron a source of the porphyrin nucleus and 
amino acid precursors of the protein globm are of obvious importance m 
this connection It is known that inorganic iron of the diet cannot be 
converted mto hemoglobin without the presence of catalytic tiaces of 
copper the way in which copper functions is not known 10 Studies on the 
origin of the porphynn nucleus and on the significance of dietary amino 
acids in hemoglobin synthesis have yielded little definite information 
work with isotopes indicates that glycine and acetic acid may bo pre 
cursors of the porphyrin ring (see also Chapter 33) In the adult animal 
the ery throcy tes are formed in the bone marrow in the embry o the liv er 
is nn important source of red cell production and the possibility that 
m the adult the liver retains a vital part in hemoglobin synthesis and 
erythrocyte formation cannot be overlooked In the nutritional anemias 
there is usually a dietary deficiencv leading to impaired hemoglobin 
formation when the deficiency is corrected the anemia disappears In 
pernicious anemia there appears to be lacking a factor which is necessary 
for the production of mature erythrocytes This factor vitamin Bu or 
cy anoeobalamm (see p 1207), has been isolated and found to contain 4 5 
per cent of cobalt Interestinglv both vat a min Bi» and folic acid correct 
the maturation defect in pernicious anemia but folic acid fails to prev ent 
the neurological complications which commonly occur It is believed that 
the absorption of vitamin B« is defective in pernicious anemia and that 
this is due to the lack of a factor secreted by the stomach w lath is know n 
as the tntnn&ic factor of Castle This would explain uhv vitamin B, is 
exceedingly effective when given parcntenllv even in minute doses but 
relatively ineffective when administered orally 

The W hite Cells The w lute corpuscles (or leukot v tes) of human blood 
differ structurally from the red corpuscles (or erv thro< v tes) m mam 

•Class Copixrr 1/ rjaWun Haiti norc Johns Hopkins Unn er*i t> loss 1950 Mars ton 
r/>V* at Kct* 32 60 (19o°) 
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particulars such as being larger in sue, en'ita.mng at least^n 

nhvtules cholesterol, inorganic Folta, and water Compouna P 
make up the chief part of the protein quota of leukocytes, lh ® 
proteins predominating Powerful proteolytic ami R, \ col5 ‘ 1C C "^ cs 

also present It la believed that there are two protcoljdic enajmM^ 
leukocytes, one active in alkaline solution and present in the pol>b , 
cells, and the other active in acid medium and present in mon ™ ?' 
cells It is claimed that the granular leukocytes originate in the b 
marrow whereas the nongranular leukocytes (lymphocy tes) have a y 


phatic origin (lymph glands or lymphoid tissue), this matter of JinBin« 


nhatic on gin viynijm — .«nc3 

uncertain The normal number of leukocjtcs m human Woodj 
between 5 000 and 10 000 per emm The ratio between the leukoej tes a 
erj throcytes is about 1 350 to 500 in< 

A leukocjtosis is said to exist when the number of leukocjtcs is 

T „.,1 naid/uoa msl Un. ,1 .tltWl intfl t.W O £ 006^1 


creased for anj reason Leukocytoses maj be divided into two g ene . 
classes the phjsiological and the pathological Under the phjsiolop 


form would be classed those leukocytoses accompanjing pregnancy; 
parturition, digestion, and excessive physical exercise as well as tho 
due to mechanical and thermal influences Leukocytosis is also associate 
with such emotional states as fear, rage or apprehension The leuko- 


cytoses spoken of as pathological are the infiammatorj , infectious, 


CjrtOSCS spOKCll ui U-J iJJiiiiuiugiciu arc uic imiammaiuij, iuiv.cc.v- * 

hemorrhagic, toxic, and experimental forms as w ell as the tj pc vhi 
accompanies malignant disease , 

Chylomicrons Blood contains myriads of spherical particles, abou 
0 5 to 10 micron in diameter, which are highly refractne and^sh 0 ' 
Brownian mo\cmcnt These were first recognized by Boyle in 1605, bu 
were later described more fully by Muller who called them hemaconia 
or blood dust Howe'er, Gage showed them to be minute fat globules 
and curves of the chylomicron counts following the ingestion of fat ha' e 
been studied in digestion experiments . 

It has long been known that hyperlipemia is common in diabetes an d 
that the incidence of atherosclerosis is high in this disease The relation 
ship of steroids in the blood to artcnal degeneration has aroused intense 
interest 11 Evidence is accumulating which suggests that steroid mac?*' 
molecules may hax e an important eausatn e role in atherosclerosis Tb® 
original finding of Hahn 1 * (which has been repeatedly confirmed) tn* 
heparjji has a striking effect on reducing postprandial hyperlipemia ®ay 
pcyKaps be of both theoretical and clinical significance « 

/ Blood Coagulation When blood is withdrawn from a vein and PJj* 
into a test tube it will clot solidly m less than 10 minutes After about 
minutes the coagulum begins to retract, with the expression of a clear 
scrum These seeminglj simple phenomena are the result of a comp‘d* 
senes of reactions The actual clot is due to the conversion of a solubi 
protein fibnnogen, to fibnn, which separates as fibrils forming a mean 
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work that incloses both the cellular and plasma elements of the blood 
Fibrinogen is changed to fibnn by the action of the enzyme thrombin 
For the formation of this clotting factor, at least fi\ e agents have been 
shown to be essential prothrombin, labile factor, calcium, thrombo- 
plastinogen, and platelets 

Prothroaibin Of the five basic thrombmogemc factors, prothrombin 
is the most clearly characterized and differentiated as a functional 
entity It is a protein contaimng about 4 per cent carbohydrate Its 
proenzyme nature is indicated by the fact that it becomes inactiv ated at 
58 to G0° C It is quantitatively removed from oxalated plasma by adsorb- 
ents such as tncalcium phosphate and banum sulfate and may be com 
pletely recovered from these adsorbents by elution with sodium citrate 
Vitamin K is essential for the synthesis of prothrombin, but the 
amount needed is exceedingly small An adult dog requires only about 
0 5 pg of natural vitamin Iv per kg of body w eight daily to maintain a 
normal level of prothrombin It is likely that the human requirements are 
about the same The action of vitamin K can be satisfactorily explained 
by postulating that it functions as a prosthetic group combining with an 
apoenzyme (iE) to form the holoenzymc (zE K), and that it is this enzyme 
which produces prothrombin A deficiency of either apoenzyme or vitamin 
K results in a diminution of the holoenzyme and therefore m a decrease 
of the body's capacity to produce prothrombin In the newborn a de- 
ficiency of vita mm K can easily occur due to inadequate intake In the 
adult faulty absorption of vitamin K from the intestines is the most 
common cause for deficiency Vitamin Kj, which is fat soluble, requires 
bile salts for its absorption Any condition therefore, such as biliary ob- 
struction in which bile does not enter the intestinal tract wall bring about 
an inadequate absorption of vitamin K 

While the concept of an apoenzyme is still largely an hypothesis th6 
hy poprothrombinemia observed in certain liver diseases which is refrac- 
tory to vitamin K is satisfactorily explained by r the assumption that the 
apoenzyme is diminished Likewise, congenital hypoprothrombinemia, 
which is unaffected by vitamin Iv, can be attributed to a lack of the factor 
i\hich with vitamin K forms the enzyme that produces prothrombin 
Hypoprothrombinemia can be produced by a number of compounds 
which act as anti vitamin K agents The best known of these is dicoumarol 
[3 3 -methylencbis(4 hy droxy coumann)] which Link isolated from spoiled 
sweet-clover hay It may be postulated that dicoumarol depresses the 
production of prothrombin by replacing vitamin Iv in the enzyme system 


OH OH 

A l 

CH.— S V'Ni 

Ao oA 


\/ 


V 


DIcoumarol 
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!E, K according to the equation « + DeAS D + 
for dicoumarol The reaction is referable and therefore the nhlhl D 
action of dicoumarol can lie counteracted i,j administering v itamm : 
Dicoumarol and several other vitamin K antm-omits arc cmpl^cd thcra,_ 
peuticalH to produce lij poprothrombinemia ns a means of le^eni g 
tendent} to thrombosis . 

Prothrombin is readilj and accurate!} determined h\ means 01 
prothrombin time In this procedure an excess of a standnrdi/ed t 
extract such as acctone-dch} drated rabbit brain is added to recalc 
plasma and the clotting time is determined B> means of a curve, 
prothrombin time can lie exprc oa cd ns per cent of normal clotting i 
Under the conditions of the test, the clotting or prothrombin t,mc ” ? 
direct measure of the prothrombin concentration A second met 
known as the two-stage procedure consists m diluting plasma, after \ 
has been defibnnated with a minute amount of thrombin, and concerting 
all the prothrombin to thrombin by adding thromboplastin and calcium 

The thrombin is determined by the speed with which it coagulates a 


fixed amount of fibrinogen 

Research indicates that onl} part of the prothrombin m human blood 
in the active form, the remainder is present in a precursor state to whic 
the name prothrombmogen has been given In the blood of the newborn 
baby, prothrombmogen is lacking but the concentration of active pro* 
thrombin is the same as in adult blood 11 The prothrombin time wm c 
measures only free or active prothrombin and is uninfluenced b} P r0 * 
thrombinogen, is therefore normal Since the two-stage method docs no 
distinguish between free and inactive prothrombin but determines on*J 
total prothrombin, the concentration as determined b} this method ,s 
only about one third of the adult level Since the newborn baby with 3 
normal prothrombin time has no bleeding tendency, irrespective of the 
low prothrombin shown by the two-stage method it maj be concluded 
that onl} active prothrombin participates in hemostasis and that there 
fore the prothrombin time is the more reliable test 
Lauill Tactou When human oxalatcd plasma is stored at 4° C the 
prothrombin time becomes progressively prolonged Since the addition o’ 
fresh plasma dcprothromhmired by adsorption with Ca,(P0 4 )i restores 
the prothrombin time of stored plasma to normal it must be concluded 
that the disappearance of a factor other than prothrombin must account 
for the loss of prothrombin activ lty during storage This agent has been 
named labile factor but is also known as factor V or Ac-globulin (Ac * 
accelerator) Like prothrombin it is a protein and is inactivated at & 
to C0° C Unlike prothrombin it is not adsorbed by Ca,(P0 4 >7 nor is » t<5 
concentration in the blood diminished by vitamin K deficiency or b} 
dicoumarol The cent entration of labile factor is relatively low in human 
blow! as compared with rabbit blood which contains 50 times more y et 


a significant diminution of this agent rarely occurs clinically 

Calcium I ike prothrombin and labile factor calcium reacts stoicb'O' 
mctncall} in tlic formation of thrombin The minimal requirement for 


11 Quick Murat Hume) anlllurgens Hurg Gyneeol andOlst 9S 071(1952) 
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optimum clotting of human plasma is 0 0012 M Since the lev el of calcium 
in the blood at -which fatal tetany occurs is still entirely adequate for 
normal clotting, hy pocalcemia as a cause of bleeding is highly improbable 
Prothrombin, labile factor, and calcium may for com eruence be con 
sidered to constitute the prothrombin complex The interrelation of these 
factors is stoichiometric, and since labile factor and calcium are normal lv 
in excess, prothrombin is the limiting factor and therefore the determi- 
nant of the prothrombin time except m v ery rare pathological states 
Thromboplastinogen Plasma contains a protein, closed associated 
in physical properties with fibrinogen and globulin, which reacts with a 
platelet factor to form thromboplastin This agent, w hich has been named 
thromboplastinogen, is deficient in hemophilia It is probable therefore 
that it is the same or closely related to the substance which some in 
\ estigators call antihemophilic globulin 

Curiously, no preformed thromboplastin is found in the blood Never- 
theless, nearly all other tissues of the body contain this agent, and in 
some organs such as the lungs brain, and placenta it is present in rela- 
tively high concentration 

Platelets These cells contain a factor which reacts with thrombo- 
plastinogen to form thromboplastin The clotting agent occurs m the 
portion of the platelet called the gianuloraere It is heat-stable and is 
probably a lipide with a high molecular weight In addition to the partici- 
pation of platelets in the formation of thrombin, they play an important 
role in clot retraction Intact platelets adhere to the shafts of fibrin and, 
probably as the result of morphological alterations, cause a twisting 
shortening and bending of fibrin strands that results in a condensation 
of the fibnn mass Platelets have a third function m hemostasis Lvsis of 
these cells is accompanied by the appearance in the serum of a \ asocon- 
stnetor called serotonin or thrombotonin, which is chemically 5 hydroxy 
tryptamine It is probable that this compound exercises an important 
function in stopping the flow of blood m hemorrhage 
n/ The Clotting Reaction The basic reason why circulating blood re- 
mains fluid is that it contains no active thromboplastin Tor this sub 
stance to form, platelets must interact with thromboplastinogen but 
before even this can occur, thromboplastinogen must be activated )y 
means of thrombin The probable sequence of reactions is 

(1) thromboplastinogen — * thromboplastinogen A (activated) 

(2) thromboplastinogen A + platelet factor = thromboplastin 

(3) thromboplastin + labile factor + calcium + prothrombin - 

thrombin 

... thrombin 

(4) fibnnogen * fibrin 

Thrombin has a dual function it clots fibrinogen and it actuates 
thromboplastinogen Through the latter it initiates a chain reaction for 
as it actuates thromboplastinogen, more thrombin is formed, accelerat- 
ing the c, clc of reactions k break or injur, of the a easel « all mar liberate 
enough tissue thromboplastin to produce the initial thrombin that starts 
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than oO mg of protein jkt 100 nil., of which 80 per cent i.i albumin, tk 
remainder globulin 

The osmotic prewtro and the pH of the spinal fluid arc the wnu* a* ^ lS * 
of the plasma, uhtrons the (*luco>e and calcium contents are roughly 50 
per cent ns great. 'I he ‘•odium chloride concentration is distinctly higher 
than that of plasma, while the hicarhonatc concentration is about tb* 
same. 

Ihe analysis of the cerebrospinal fluid supplies valuable diapnosti 1 * 
information in the rtudy of diseases involving; the central nen*ous .syMcrQ- 
In general, the quantitathc methods dc\ eloped for plasma can be apph™ 
with minor modifications in the study of spinal fluid. 

1 be colloidal gold text of Iamge may also be u«ed. In this test a colloid 
gold solution is mixed with progressive!}* increasing dilutions of ccrcbrcr 
hptual fluid. The orange-red color of Lange’s solution is rhnnged whe' 1 
cerebrospinal fluid from mtnin pathological conditions is tested 


EXPERIMENTS ON BLOOD 


IDENTIFICATION OF BLOOD 


I. Microscopical Examination. 
scoplcal slide and cover with a 


Place a drop of diluted blood on a micro* 
coverfclass. Fxamlne under a microscope 


J: , T f ’" lor . Vcrl ° us Conn Hums. To 50 ml. of water In a lari!. ca>*"°’' 
«dJ “ Cid . and hr '" !1 " bo "' At ,1,e P°>"' »' *IC»roo. boMII* 

WLllli : J,rf blood ''™ » plp«t. -llh UlrrlnP. Contis' 

pourt *" «... .d*d. «« 

pared beforehand If th <u * y 00,0 a ,ar P e folded filter wrhlch has been pr* 
be^ 1 scarded'and t he process '* **"**"> *"* “ 9b °° 

P $f £ ^ t^ 11 Wh,Ch ma> f ° rm ,n 1 , 

Izejl filtrate and boll one minuted Explain! * 8 ° ,Ut, ° n add 5 drops ° f 

drops of nitric acid andTllttlTsUvJ fi,lrate ,n a * C8t tube add * : U *. 

white precipitate of sliver chloride will*}*”**' *" th ® pr “ ence of chIoride ’ 
"■"ic) Phosphates Test for . *orm. 

^according to directions given o*n P ?z nltrfC 3cid and mol >' bdaIe “O lu ‘ lo ° 

Calcium oxalate orTapnatelVn 0,1 ° f 4 per Cent ammon!u m oiaIa ‘!' 
>te) Test roR iL IncmeL t l a For “Wlllne form see p. 855 

above, in a porcelain crucible CooT^ 1 . po , rt,on of the coagulum obtaiC^ 
chloric acid, and test for Iron k *’ d * 9olve the residue in dilute hydro* 

thiocyanate. Which of the coo. y pota * s5um ferrocyanlde or ammonia * 0 

(f) Cbtstiluzatios op Sodii-u _ uent ® °f rhe blood contains the Iron? 

In a watch glass and evaporate it ” lORn>E p,ace the remainder of the filtrate 
the microscope and como*,» __ n a ? vater bath. Examine the crystals under 
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(a) Teicigiann’s Method Place a very small drop of blood on a microscopical 
slide, add a small drop of water, and stir to lake the blood Add a fraction of a 
drop of dilute (0 9 per cent) sodium chloride or potassium chloride solution 
and carefullj evaporate to drvness 
over a low flame. Put a covergfass m 
place, run underneath it a drop of 
glacial acetic acid, and warm gentlj 
until the formation of gas bubbles 
Is noted. Add another drop of glacial 
acetic acid, cool the preparation, 
examine under the microscope, and 
compare the crystals with those 
shown in Fig 113. 

(b) Juppe's Method Spread a small 
drop of blood on a slide in the form 
of a film and evaporate to dryness 
over a low flame Now add 2 drops of 
a solution containing 0 1 g each of 
potassium chloride, iodide, and bro- 
mide in 100 ml of glacial acetic 
acid Place a coverglass in position 
and heat gently over a low flame 
until gas bubbles form and the solution boils Bun 1 to 2 drops of the reagent 
underneath the coverglass and examine under a microscope Compare the 
crystals with those shown in Fig. 113 




Fig 112 Sodium Chloride 
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the clotting reaction The prompt removal of thrombin is therefore 
necessary to safeguard against uncontrolled and massive intravascular 
clotting Experimental evidence has been obtained indicating that the 
physiological antithrombm is fibrin , 

Owing to the ability of fibrin to adsorb thrombin with avidity and 
because of the tremendous surface it presents to the serum dispersed in 
the reticulum of the clot the removal of thrombin by fibrin is exceedingly 
efficient and the chain reaction is effectively held in abeyance Since the 
intimate contact between scrum and fibnn surface is lost when clot re 
traction occurs, it is very likely that this process may play a significant 
role m intravascular clotting 

There is increasing evidence that the clotting reactions in addition to 
their function in hemostasis may perhaps participate in immunological 
and other defense mechanisms It is probably not accidental that throm 
boplastin is widely distributed in v anous tissues and that the daily turn- 
over of prothrombin is nearly equal to the amount in circulation As the 
physiological significance of blood clotting becomes better understood a 
number of factors directly or indirectly associated with these reactions 
may be better evaluated Among such factors is the antithrombin of the 
serum This agent, which occurs m the albumin fraction neutralizes large 
quantities of thrombin, but its action is so slow that it does not interfere 
with the conversion of fibrinogen to fibrin and therefore has no true 
anticoagulant action 

Fibrttiolygtn is an enzyme which dissolves fibnn It is present in the 
blood as a zymogen, profibnnolysin Interestingly certain bactena p*” 0 " 
duce products which can activate profibnnolysin Such activators are 
streptokinase and staphylokinase 

Another factor uhich markedly influence? the clotting of blood r’ 
heparin a mucopolysaccharide containing mucoitin sulfunc acid Hepann 
is present in the mast cells of Fhrlich as polychromatic-staining granules 
1 he amount occumng in the blood is extremely small, but in anaphylactic 
shock its concentration may become sufficiently high to make the blood 
mcoagu aic Hepann itself has little anticoagulant action but it forms a 
powe u an it rombin with a cofactor which is present in the albumin 
traction of serum 


Tests for Blood The analysis of a specimen for the pres- 
, . . , ^ °f utmost significance Often it is even more im 

10 deten ™ n f whether the blood is of human ongm To establish 
h<> 4 V°°n portlon the material under mv estigation should 

tmflor %V1 1 ^ ^ P® r cen t sodium chlonde solution and examined 

ervibrfK'irtM ,erOSC Ky < / ^ , t ^ c material contains relatively fresh blood 
? J ^ ouad and ‘dentified An aqueous extract should be 

^^'cally or better extracted with acid alcohol and 
Tbf? nmmJf C 8 P? c * r ®'| co pe for absorption bands of acid hematm 
to a p d lde " t I lf i Cat,on hemm cr 3 stah is a satisfactory way 

rWoW i E ' Cn °, d , blood "' dl readll > J'eld these dark brown or 
^ p T° uded the specimen has not been exposed to a high 
temperature or to direct sunlight for a long period If the amount of 
blood is very small detection by the guaiac testor the benzidine reaction 



Chap 22 


Blood, Lymph, and Cerebrospinal Fluid 


481 


is of great practical usefulness These tests are exceedingly delicate and 
reliable, but it is essential that the reagents be properly prepared and 
tested on control solutions of highly diluted blood 

After the presence of blood is established by these tests the final step 
is its identification as to species origin This can be done only by im- 
munological procedures of which the precipitin test is the most satis- 
factory This test is founded on the observation that when serum of one 
animal is injected into an animal of a different species, the latter wall 
develop in its serum an agent which wall react with the proteins of the 
foreign serum and cause the formation of a precipitate The precipitin 
test is highly delicate It will detect blood in high dilution It is likewise 
\ ery specific, since o\ erlappmg occurs only m \ ery closely related species 
Lymph. Lymph may be considered the middleman in the transactions 
between blood and tissues It is the medium by which the nutritive 
material and oxygen transported by the blood for the tissues are brought 
into intimate contact with those tissues and thus utilized In the further 
fulfillment of its function, the lymph bears from the tissues w ater, salts, 
and the products of the activity and catabolism of the tissues, and passes 
these into the blood Lymph therefore exercises the function of a go- 
between for blood and tissues It bathes every active tissue of the animal 
body, and is believed to have its origin partly in the blood and partly 
in the tissues 

In chemical characteristics, ly mph resembles blood plasma In fact, it 
has been termed “blood without its red corpuscles ” Lymph from the 
thoracic duct of a fasting animal or from a large ly mphatic vessel of a w ell- 
nourished animal is of a variable color (colorless, yellowash, or slightly 
reddish) and alkaline in reaction to litmus It contains fibrinogen pro- 
thrombin, and leukocytes, and coagulates slowly, the clot being less 
firm and bulky than the blood clot Serum albumin and serum globulin 
are both present in lymph, the albumin predominating in a ratio of about 
3 or 4 1 The principal inorganic salts are sodium salts (chloride and 
bicarbonate), the phosphates of potassium, calcium, magnesium, and 
iron are present in smaller amount 

Substances which stimulate the flow of lymph are termed lympha- 
gogues Such substances as sugar, urea, certain salts (especially sodium 
chloride), peptone, egg albumin, extracts of dog’s liver and intestine, 
crab muscles, and blood leeches are included in this class 

In a fasting animal, the lymph coming from the intestine is a clear, 
transparent fluid possessing the characteristics already outlined After a 
meal containing fat has been ingested, this intestinal lymph is white or 
milky This is termed chyle, and is essentially lymph possessing an ab- 
normally high (5 to 15 per cent) content of emulsified fat This chyle 
is absorbed by the Incteals of the intestine and transported to the lower 
portion of the thoracic duct Vpart from the fat content, the composition 
of lymph and chv lc arc similar 

Cerebrospinal Fluid. On t ipping the spinal can i! a water clear fluid is 
obtained which is essentially a plasma filtrate formed bv the choroid 
plexus This fluid fills the two lateral and the third and fourth ventricles 
t ho subarachnoid, and the spinal canal Spinal fluid usually contains less 
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4 Guaiac Test This mrthol 13 sensitive and valuable for detecting 
must be taken not to u«e too concentrated a solution of pnmc 8,n * e * ' ° ther 
precipitation of resinous material maj easily obscure the blue color u 
ihan blood ouch asm, 11 and Bilivt roos . pon,t.vc ‘mt, but »tobo« 

for 16 to 20 seconds thej no longer yield a blue color with guaiac, wh 
similarly subjected to boiling still > iclds a positive test , f .... cla i 

The test follows By means of a plpct drop a solution of guaiac In 6 
acetic add (strength about 1 60) Into the solution under examination 
a turbidity Is observed, and add hydrogen peroxide, drop by drop, u 
blue color is obtained 


Benzidine Reaction This test is one of the most delicate for detecting 
but care must be taken to use a good grade of benzidine, since the sensitivity is Rtca 
influenced by the purity of the reagent The test depends on the action of hemog 0 1 ^ 
which catalytically decomposes hydrogen peroxide, thereby liberating oxygen w ic 
oxidizes benzidine to a blue or green derivative Since an excess of hydrogen P®r° xl 
interferes with the reaction it is essential that the details of the procedure b" fo owe 
scrupulously It is particularly important that the peroxide be added last The enzi 
dine solution is unstable, especially when exposed to light It should therefore c P re 
pared fresh daily and kept in a brown bottle or a dark place The test is particu ar y 
valuable to detect occult blood in the feces 11 . 

The test is performed as follows To 3 ml of a saturated solution of benz 
dine in glacial acetic acid 1 ' add 2 ml of the solution to be tested and 1 m ° 
3 per cent hydrogen peroxide A positive test Is indicated by a blue or green 
color The following modification is a much more delicate and reliable tes 


Confirmatory Test Make 10 ml of the solution acid with acetic acid and 
extract by shaking with 5 ml of ether The acid breaks up the hemoglobin 
to globln and heme and the latter is extracted by the ether Pour off the 
ether Into a small evaporating dish Put on a hot water bath (with the flame 
turned out) Fvaporate to dryness To the residue add a few drops of water, a 
drop of saturated solution of benzidine In glacial acetic acid, and a drop of 
3 per cent hydrogen peroxide A blue or green color indicates blood 


Lyle, Curtman, and Marshal Modification Into a perfectly clean dry test 
tube Introduce 1 4 ml of benzidine solution, 17 add 0 2 ml of water or glacial 
acetic acid, then 1 ml of the fluid to be tested and finally 0 4 ml of 3 per cent 
hydrogen peroxide Note the appearance of a blue color, which reaches lt8 
maximum in 5 to 6 minutes 


S 


6 Hemochromoeen Test Add 2 or 3 drops of Takayama’s solution 1 * to a 
small piece of suspected material on a slide Cover with a coverglass Examine 


’* Alkaline solutions should be made slightly acid with acetic acid since the blue end 
reaction is very sensitive to alkali. This is particularly necessary if an alcoholic solution v 
guaiac is used 

** Ilugl es Brit Med J 2 970 (1952) 

>« Glacial acetic acid is preferable but if it is not available alcohol acidified with acetic 
acid may be used 

" B « n * ? lne #o,ut ' 0n , m “y be prepared as follows Place 4 33 ml of glacial acetic acid m 
a small Erlenmejer flask warm to 50° and add 0 5 g of benzidine Heat the flask for eitf 1 * 
to ten minutes in water at 50“ To the resultant sotution add 19 ml of distilled water Th» 
solution may be kept for several days without deterioration 

"A mixture of 3 ml of 10 per cent NaOH 3 ml of pyridine 3 ml of a saturated solution 

of glucose and 7 ml of water The solution works rapidly in the cold if at least 24 hours 

With a fresh solution warming or more time is necessary It keeps for from one *" 


two 
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under the microscope. Salmon pink crystals should appear in 1 to 6 minutes. 
At the same time the color changes through green-brown and dark red to 
pink, indicating the formation of a hemochromogen and confirming the 
test. The crystals have a shallow rhomboid form (see Fig. 114). 

This method is simpler to use than the hemin test and may be used to con- 
firm the latter in doubtful cases. It Is not always given by old blood stains 
(over six months old) and hence does not replace the hemin test. The glucose 
may act as a reducing agent as well as by decreasing the solubility of the 



Fia 114. Hemochromogen Crystals 

Prepared and photographed b> Dr Arthur G Cole 
Unit ersjty of IUiqols, College of Medicine 

hemochromogen. Schumm has cast some doubt on the specificity of this 
test for blood. 

7. Immunological Determination of Blood Species. The serum proteins give 
immunological reactions, such as the precipitin reaction, which are specific not only 
for the individual proteins of the serum but also for the species of animal from which 
the serum is obtained These immunological reactions are therefore u«ed in medico- 
legal investigations to determine the Bpeeics to which a particular blood sample or 
stain belongs The species specificity of these reactions is demonstrated in the follow- 
ing experiments on the precipitin reactions of dog, beef, and human scrums. Anti- 
serums against human blood react with the serums of some of the higher apes, indi- 
cating a close relationship betw een the various species. Usually, how ever, even these 
reactions show quantitative differences which are sufficient to differentiate between 
human and other bloods. 

(a) Preparation of Immune Serums (Antiserums). Prepare approximately 1 
per cent solutions of dog, beef, and human serum proteins by diluting 15 ml. 
of the clear serums to 100 ml. with phjsloiogical (0.9 per cent) salt solution. 
Immunize rabbits against each of these solutions (antigens) by Injection of 
the diluted serums into the marginal ear vein. Make the first Injection with 1 
ml. of antigen and follow with Injections of 2, 4, 6, and 8 ml. portions at 
Intervals of three or four day s. On the fourth day after the last Injection, col- 
lect 1 ml. of blood and test the scrum for precipitin content by the method 
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described below If the precipitin Is present in sufficient 1 } 1 biftli tJter.J bleed 
the rabbit from the heart, allowing the blood to coagulate Transfer the 
serum to sterile vials closed with rubber stoppers Add a few drops of ch o * 
form to each vial as a preservative, and keep vials In a refrigerator when n 
In use 

An alternative method for -preparing tie antiterums w os follovt Twenty- 
ml of serum Is diluted with 80 ml of distilled water, and to this solution w 
ml of 10 per cent potassium alum is added The pH is adjusted to the so* 
electric point specific to the alum protein complex (human serum, pH ® > 
with 5 N NaOH The precipitate Is washed twice with 200 ml saline containing 
1 10,000 merthiolate, and then is suspended in 100 ml of saline (1 l°t 
merthlolate) 

The immunizing dose is 10 ml. of the suspension, which Is injected Intra- 
muscularly — 5 ml into each hind leg of a rabbit. After 15 to 20 days 1 1* 
rabbit is taken off food for 24 hours and then bled The serum obtained * 
tested for specificity and sensitivity For a positive result a precipitin at a 
dilution of a 1 100 antigen should be obtained within five minutes As a 
control, an antigen of a species to which the rabbit Is not sensitized shoul 
show no precipitin in a dilution of I 50 

(b) Titkation or Antiserums Prepare the foilowlng dilutions of the antigen 
(diluted serum or protein solution to be tested) using physiological saline 
as diluent I 100,1 1,000, 1 10,000, 1 50,000 Transfer 1 ml of each dilution to 
a separate small test tube which must be scrupulously clean and dry. A\ith a 
capiHary plpet carefully introduce 0 2 ml of the Immune serum at the 
bottom of each tube so as to stratify the antigen solution above the serum 
%\ith a 1 1,000 dilution, a white ring or cloud will form at the Interface in a 
few minutes if the test Is positive 

For control, place in one test tube 1 ml of a 1 50 dilution of an antigen 
against which the rabbit was not immunized, and add 0 1 ml of the anti- 
serum as in the test above For a second control, transfer 1 ml of the 1 1. 00 ° 
dilution of the antigen to a test tube and add 0 1 ml of normal rabbit serum 
No precipitation should form in either tube 

(c) Immcnouxjical Examlnation of Blood Stains Extract the stain with 1 or 
2 ml of physiological salt solution Filter and use the filtrate for making 
up dilutions of antigen and for precipitin reactions, as described above 


8 Hemagglutination The common garden bean such as the scarlet runner,” 
contains a protein substance u hich exhibits the interesting property of causing clump- 
ing or agglutination of red blood corpuscles 

Dilute defibrlnated blood*' ten times with physiological sodium chloride 
solution (0 9 per cent) and piace 1 mi in each of three small test tubes 

Grind 3 beans to a fine meal in a coffee mill or with mortar and pestle and 
extract for a few minutes with 0 9 per cent sodium chloride solution Filter 
and add 0 05 ml (about 2 to 3 drops) of the filtered extract to the first of the 
blood tubes, 0 01 m! to the second, and 0 05 ml of 0 9 per cent sodium chl° 
ride to the third 

Invert each tube to mix the contents thoroughly, and note the rapid aggl u 
tlnatlon and precipitation of the blood corpuscles in the first tube, a Je*» 


two “ V a . m,1,3r variety purclasable in every seed store It occurs 

* tb * red R,cm a P rot *>" constituent of the castor bean 
T d .‘ e?3u f atmK pr °P* rtle8 B^ause of its poisonous nature it is b° w 
ever not suitable for use in class experiment s 

may be obtained for the purpose by bleeps 
irom a small cut on the animal s ear and defibnnating 
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rapid agglutination in the second, while the third or control tube remains 
unaltered In half an hour the corpuscles in the first tube often are packed 
solid and one is able to pour off perfectly clear serum 

If the remainder of the bean extract is boiled for a few minutes, the coagu- 
lum filtered out and 0 05 ml of the filtrate added to the control tube, no 
agglutination occurs, indicating that the hemagglutinin has been destroyed 
or removed by the boiling 

9 Red Cell Fragility When red cells are placed in a hypotonic saline solution, 
water parses into the cell until the osmotic pressure witlun and without are equalized 
This brings about a swelling of the red cell w hich if sufficiently great causes the cell 
membrane to rupture, thereby resulting in hemoly sis N ormal ery tlirocytes remain 
intact in as low as 0 44 per cent saline whereas defective red cells, present in certain 
types of disease such as hereditarv hemolytic jaundice, show beginning hemolysis at 
this concentration and complete hemolysis at 0 34 per cent 

Procedure Prepare a I per cent solution of sodium chloride and from this 
make a series of dilutions ranging from 0 30 to 0 58 per cent by placing 0 60 
ml in the first test tube and 0 64 ml in the second. Increasing each succes 
sive tube by 0 04 ml until the fifteenth, to which I 16 ml is added Add dis- 
tilled water to each tube to bring the volume to 2 ml To each tube add one 
drop of blood obtained by venipuncture Mix and allow to stand at room 
temperature for 2 hours Record as beginning hemolysis the tube showing a 
slight tinge of red m the supernatant, and as complete hemolysis, the tube 
in which all cells have disappeared 

10 Crystallization of Oxyhemoglobin ( Reichert's Method) Add to 5 ml of 
the blood of the dog, horse, guinea pig, or rat, before or after laklng or de- 
fibrinating, from 1 to 5 per cent of ammonium oxalate in substance Place 
a drop of this oxalated blood on a slide and examine under the microscope 
The crystals of oxy hemoglobin will be seen to form at once near the margin 
of the drop, and in a few minutes the entire drop may be a solid mass of 
crystals Compare the crystals with those shown in Figs 107 and 108, p 472 

In some species (e g , the rat) oxyhemoglobin tends to crystallize out of 
blood very rapidly Merely pressing a small drop of blood between a coverglass 
and a microscope slide will result In a mass of oxy hemoglobin cry stals 

11 Preparation of Hemoglobin ( Method of Marshall and Welker) Draw 
blood into a flask and defibrinate by shaking with glass beads Strain through 
cheesecloth Centrifuge Mash corpuscles three or four tiroes with 0 9 per 
cent NaCl Add ether a few drops at a time with thorough mixing until a 
clear solution is obtained If the solution is viscid add a little water and then 
an equat volume of aluminum hydroxide cream (see Appendix) Mix thor- 
oughly and filter Cool to 0° C and add absolute alcohol (also cooled to 0°) to 
make the alcohol percentage 20 to 30 per cent Let stand at a few degrees 
below 0® C Mash the crystals by decantation with 25 per cent alcohol at 
0° C Dry in a desiccator over sulfuric acid 

12 Demonstrations of Hemolysis and Osmotic Pressure 

(a) Hfmolysis <Laki\g Blood) Note the opacity of ordinary defibrinated 
blood Place a few ml of this blood in a test tube and add water, a little at a 
time, until the Mood Is rendered transparent Hemolysis has taken place 
How does the water act In causing this transparency? Fxamlne a drop of 
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hemolyzcd blood under the microscope How does Its microscopical appear- 
ance dlfler from that of unaltered blood? What other agents may be used to 
bring about hemolysis? 

(b) Osmotic Prfsscre Place a few ml of blood In each of three test tubes 
Hemolyze the blood In the first tube according to directions given In (a), 
above Add an equal volume of Isotonic (0 9 per cent) sodium chloride to the 



Fig 115 Effect of Watfr ov Erttjirocttes. 



Fig 110 Cbesated Ebytheocttes 

tUb '' an<! an e <|ual volume of 10 per cent .odium chloride 
,' he ,blr '' tub ' ! Mix thoroughly by .hating, and after a fe« 
™° p" ““ mi " e ” <rop ,rora ol the three tube, under the mlcro.cope 

thT«and™? 1 ’ hat do >ou en<1 and ” ha t I. your explanation front 

the standpoint of osmotic pressure? 


PLASMA AND SERUM 

wlTh? , ’^f n °r luU S fractro ' 1 °f the blood It is conveniently ob- 

> tnfugation If no anticoagulant is used, the plasma can l> e 
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designated as native To obtain such plasma, it is best to collect the 
blood with a silicone-coated synnge and needle 21 and to transfer it to a 
tube similarly coated. Usually sodium citrate or oxalate is mixed with 
the blood to make it incoagulable. It is customary to name the plasma 
according to the anticoagulant employed, as for instance, oxalated, 
citrated, or heparin plasma 

Serum is the fluid obtained after blood has clotted It has essentially 
the same composition as plasma except that it lacks fibrinogen and has a 
diminished concentration of various clotting factors. 

1. Preparation of Oxalated Plasma. Collect 9 ml. of blood by venipuncture 
and mix Immediately with 1 ml. of 0.1 A1 sodium oxalate” in a test tube or 
centrifuge tube. Centrifuge at 2500 r.p.m. for 5 minutes. Remove the plasma 
with a pipet. By attaching the rubber bulb of a medicine dropper to the plpet, 
the plasma can readily be drawn off. 

2. Preparation of Serum. Place approximately 5 ml. of freshly drawn blood 
in a small test tube. Put the tube in a water bath at 37“ C. for 30 minutes and 
then centrifuge at 2500 r.p.m. for 10 minutes. 

3. Separation of Fibrinogen, Globulin, and Albumin. Add 0.5 ml. of half- 
saturated ammonium sulfate” to 0.5 ml. of oxalated plasma. Note the 
amount of precipitated fibrinogen formed. Repeat adding 0.5 ml. of saturated 
sodium chloride* 4 to 0.5 ml. of oxalated plasma. Compare the amounts of 
fibrinogen obtained by the two salting-out methods. 

Repeat the experiment, adding half-saturated ammonium sulfate and 
saturated sodium chloride to equal volumes of serum. Why do the solutions 
remain clear? 

To 0.5 ml. of serum add 0.5 ml. saturated ammonium sulfate and mix. A 
precipitate of globulin is formed. Remove the salted-out protein either by 
centrifugation or filtration. To the clear filtrate, add small quantities of 
powdered ammonium sulfate and note the formation of a precipitate, which 
is albumin. 

Outline a scheme of separating fibrinogen, globulin, and albumin. 

Test samples of the precipitated fibrinogen, globulin, and albumin with the 
biuret, Milton’s, and Hopkins-Cole tests. 

4. Heat Coagulation of Plasma Proteins . Transfer 0.5 ml. of plasma and 
0.5 ml. of serum to separate tubes and place in a water bath at 60® C. Examine 
after 10 minutes. Serum remains clear because it does not contain fibrinogen. 
Gradually increase the temperature of the bath and note when heat coagula- 
tion appears in the serum. 


,l Coat mo glass inih nheone Dilute one volume of Silicone (methj l-chlormilnne-Dri- 
Film N 99S7, General Electric) with 3 volumes of toluene Thorough! j clean the glassware 
and drj Cover the surface to be coated with the silicone solution Pour of! the excess and 
drain for 30 minutes Rinse m warm running water and drj. To obtain a thorough coating, 
polish the surface with a njlon cloth and reeont several times 

” Sodium oxalate, 01 M. Dissolve 1 34 g sodium oxalate (cji) in 100 ml of distilled 
water. 

** Sat u rated ammonium sulfate Cover 90 g of ammonium sulfate (cp) with 100 m! 
of distilled water. Mix and allow to stand for 21 hours The suj>ernatant liquid u saturated 
Dilute with distilled water to obtain anj de-ired saturation 

14 Saturated sodium ehlortde. Cover 40 g with 100 ml. of distilled water, mix. and allow 
to stand 24 hours 
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1 Clotting Time of Recalcified Plasma On adding calcium to ntratcd or 
oxahted plasma, dotting will occur T1 c probable over all (filiation to express t e 
reaction is 

thromboplastin + labile factor + caluum + prothrombin * thrombin 

How thc^c factors interact is not known, but tin re is strong evidence that the com 
posite reaction is essentially atoicluomctnc The tl romliopKstm docs not exist pre- 
formed in the blood hut is tin product « f the interaction of n j lit* 1< t constituent an 
thromboplastinogen The rehtnch slow and small production of thromboplastin i* 
the limiting factor in the reaction and is therefore the determinant of the clotting time 
of recalcified plasma If blood is oxalated in a test tul>c coated with material K>' ,fl E B 
nonwettablc surface such as paraffin or silicone tl e platelets are preserv «1 and can be 
removed bj high centrifugation I lasma thus obtained clots much more slowly on 
reealcification 

Procedure Transfer 0 1 ml of oxalated plasma to a small test tube and 
place in a water bath at 37* C Blow 0 2 ml 0 01 M calcium chloride 1 * Into the 
plasma to attain Instantaneous mixing, and time the clotting exactlj wit* 1 * 
stop watch Examine the tube every 15 seconds by gently tilting to detect the 
exact moment the Incipient clot appears Normal human oxalated plasma 
collected In glass clots in 90 seconds to 120 seconds after recalcification 

To determine the efiect of the removal of platelets on the clotting time, 
collect 10 ml of blood by ventpuncture Transfer 0 5 ml of 0 1 M sodium 
oxalate to a glass test tube and the same quantit> to a test tube coated with 
paraffin Add 4 5 ml of blood to each tube and mix by Inverting the tub® 
after covering It with wax paper Chill the blood by placing it in an ice bath 
for 10 minutes Centrifuge the paraffin coated test tube at 2,000 r p m f° r 
15 minutes, and the glass test tube at the same speed but only for 3 minutes 
Determine the clotting time of both plasmas on recalcification by the method 
as outlined 


2 Prothrombin Time The relative slowness with wl ich oxalated plasma clots 
after reealcification is due to the small amount of available thromboplastin By adding 
an excess quantity of a potent standardized thromboplastin reagent” such as H 
readily prepared from rabbit brain and a fixed amount of calcium, the clotting time 
can be nude s quantitative measure of tie prothrombm concentration, since the 
calcium and thromboplastin are constants in the reaction 

n f '.I Tra "* f " 0 1 of oxalated plasma to a small test tube, add 

Blow n ° f * hromb °I’ Ia8t,n reagent, and place ,n a water bath kept at 37° C 
Bl ° 1 ml of 0 01 M calcium chIor.de measured in a short plpet into the 

tl Calcium ehlaruU 001 V Dissolve Oil t mtnn^i ... j 

tion and again triturate thespenl acetone Replace with 20 m! of a fresh por 

suction and dry at 37° C for*30 minutes* matertal “ granu,ar and nonadhesive. Fflter > 

and’ l " m W,th 5 085 

IW in a water bath at 3TC ° CCa ? onal, y bj blowing through with ft P>P?‘ 

tion into a pi pet. allow to settle sufficiently to permit drawing the M>! 
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mixture. Click the stop watch at the moment the calcium chloride is added 
and time accuratelj the appearance of the clot. This is best done by leaving 
the test tube in the water bath until shortly before clotting occurs, then 
holding the tube towards a good light, and tilting gently to note the incipient 
formation of fibrin. Normal fresh oxalated human plasma has a prothrombin 
time of 1IH to seconds When the plasma is mixed with saline in varying 
proportions, the following values are obtained* 


Dilution of Plasma 

Concentration of 
Prothrombin 

Prothrombin 

Time 


per cent 

seconds 

0 

100 

12 

4 to 5 

80 

13 

3 to 5 

60 

14 

2J$ to 5 

60 

15 

2 to 5 

40 

17 

1 M to 5 

30 

WH 

1 to 5 

20 

24 to 26 

!>£ to 5 

10 

37 to 42 


By means of a serological pipet graduated in 0.1 ml. prepare the above dilu- 
tions and determine the prothrombin time of each mixture. 

Preparation of Thrombin {Eagle). Dilute 10 ml. of fresh citrated or oxal- 
ated plasma with 100 ml. of cold distilled water. Chill the mixture to about 
5° C. in ice water and then bubble carbon dioxide gas through the solution 
for 5 to 10 minutes. Centrifuge off the precipitate and discard the super- 
natant fluid. Dissolve the residue in 10 ml. of 0.85 per cent sodium chloride 
solution and adjust the resulting solution to approximately pH 7.0 by the 
addition of sodium bicarbonate. Add to this final solution one-twentieth 
its volume of 0 I M calcium chloride solution (1.1 per cent). Warm to 37° C. 
for a few minutes, insert a glass rod into the clot which forms and wrap 
the clot around the rod until all entrained fluid has been pressed out. Discard 
the clot, filter the remaining fluid, and store in the refrigerator. If kept cold, 
this thrombin solution is stable for about a week. Dried preparations of 
thrombin l n sealed containers, which are stable indefinitely, may now be 
obtained from wholesale drug supplj houses. 

CiorriNQ Times When 0 1 ml. of this thrombin solution is added to 0,2 ml. 
of oxalated plasma, coagulation occurs in about 3 seconds. Prepare the follow- 
ing dilutions of thrombin with distilled water* 1:2, 1:5, 1*10, 1:20 and 1:40. 
Determine the thrombin time of each dilution as follows Transfer 0.2 ml. 
of oxalated plasma to a test tube, place in a water bath at 37® C. Blow 0.1 
ml. of the thrombin solution into the plasma and accurately determine the 
clotting time with a stop watch. To prepare a curve, plot the clotting times 
against the dilution of thrombin, taking the undiluted thrombin preparation 
as 100 

4. Preparation of Fibrin. Allow blood to flow direct!} from the animal Into a 
vessel and rapid!} whip it bj means of a bundle of twigs, a mass of stronj) 
cords, or a special!} constructed beater. If a pure fibrin Is desired It Is noi 
best to attempt to manipulate a large volume of blood at one time. After 
the fibrin has been collected It should be freed from an) adhering blood clots 
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and washed in water to remove further traces of Wood The pure produc* 
should be very light in color It ma> he preserved under fjljcerol, o 
alcohol, or chloroform water . 

(a) Sollbilitt Try the soluhllltj of smalUhreds of freshly prepared fibrin in 
water, dilute acid, and alkali 

(10 Protein Color Tests Test a portion of fibrin by M Won’s test, the lior* 
klns-Cole test, and the biuret reaction \\ hat amino adds have > ou shown to 
he present in fibrin? 

SPECTROSCOPIC EXAMINATION Or BLOOD 
\s indicated in the text on p 17 1, the spectroscope is a useful tool in the 
stud} of the blood pigments liei.iusc of the difTertmcs in light absorption 
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Fio 117 Diacrammatic Representation or Solar SrrcTRtit 
Shown arc approximate extent of colored tones and location of I nn- 
cipal Fraunhofer lines (B, C D E b F, G) 


which these pigments show, and which are evident upon spectroscopic 
examination Pig 117 shows a diagrammatic representation of the visible 
spectrum as seen w ith a spectroscope, including the approximate location 
and width of the various colored zones of the spectrum If a solution con- 
taining a colored substance is placed between the spectroscope and the 
source of light, one or more dark zones or bands arc seen in the spectrum, 
corresponding to the absorption of light of certain specific wav elengths bj 
the colored substance It is frequently possible to distinguish between 
vanous pigments by the location and intensity of these absorption bands 
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Since the ordinary hand spectroscope is not equipped with a wavelength 
scale, the absorption bands may be located by reference to certain of tbe 
more prominent Fraunhofer lines of the sun’s spectrum These are darl 
hues, readily visible m the spectrum of sunlight, which correspond to the 
presence of certain elements in the vapors surrounding the sun As shown 
in tig 117, the most prominent lines and their approximate wavelength* 
areasfohows B, 6 8 7m,i C G5Gm/i D 589 m M , E, 527m p, b, 517m/* F, 
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Fig 120 Diagram of Angular Vision Spectroscope 
(Long) 

The white light F, enters the collimator tube through 
a narrow aht and passes to the prism P, which has the 
power of refracting and dispersing the light The rays 
then pass to the double convex lens of the ocular tube 
and arc deflected to the eyepiece E The dotted lines 
show the magnified virtual image which is formed The 
third tube contains a scale whose image is reflected into 
the ocular and shown with the spectrum Between the 
light F, and the collimator slit is placed a cell to hold the 
solution undergoing examination 

Either the direct vision spectroscope (Fig US) or the angular-nmo-* 
spectroscope (Figs 119 and 120) maj be used in making the spectroscopic 
examination of the blood Tor a complete description of the«c instruments 
the student is referred to an> standard textbook of phjsics or to the 
catalogs of the manufacturers. 


^g_j. Practical Physio logilal Chemistry ia P 

Oxyhemoglobin. Examine dilute (1 :50) deUbrinated blood spectroscopi- 
cally. Note the broad absorption band between D and E. Continue the i 
tion until this single broad band gives place to two narrow bands, the on 
nearer the D line being the narrower. These are the typical absorption ban 
of oxyhemoglobin obtained from dilute solutions of blood. Now dilute t 
blood very freely and note that the bands’gradually become narrower an , i 
the dilution Is sufficiently great, finally disappear entirely. 

* 

2. Hemoglobin (So-called Reduced Helhoglobin). To blood which has been 
diluted sufficiently to show well-defined oxyhemoglobin absorption ban s, 
add a small amount of Stokes’s reagent. 17 The blood Immediately changes in 
color from a bright red to violet-red. The oxyhemoglobin has been reduce 
through the action of Stokes's reagent and reduced hemoglobin has been 
formed, by the removal of the oxygen from the oxyhemoglobin. Examine th 9 
solution spectroscopically. Note that In place of the two absorption bands o 
oxyhemoglobin we now have a single broad band lying almost entirely be- 
tween D and E. This is the typical spectrum of hemoglobin. If the solution 
showing this spectrum be shaken In the air for a few moments, it will again 
assume the bright red color of oxyhemoglobin and show the characteristic 
spectrum of that pigment. 


3. Carbon Monoxide Hemoglobin. The preparation of this pigment may b e 
easily accomplished by passing ordinary illuminating gas 1 * through de- 
fibrlnated ox blood. Dlood thus treated assumes a brighter tint (carmine) 
than that imparted by oxyhemoglobin. Examine the carbon monoxide 
hemoglobin solution spectroscopically. Observe that the spectrum of this 
substance resembles the spectrum of oxyhemoglobin in showing two absorp- 
tion bands between D and E. The bands of carbon monoxide hemoglobin, 
however, are somewhat nearer the violet end of the spectrum. Add some 
Stokes’s reagent to the solution and again examine spectroscopically. Note 
that the position and Intensity of the absorption bands remain unaltered. 

The following are delicate chemical tests for the detection of carbon 
monoxide hemoglobin. 

Alkali Test Mix two drops of the suspected blood on a porcelain plate with 
an equal volume of 25 per cent NaOII. A reddish color remains In the presence 
of carbon monoxide hemoglobin. Treat two drops of normal blood in the 
same way. A brownish color is obtained. 

Tanmn Tlst Divide the blood to be tested into two portions and dilute each 
with 4 volumes of distilled water Place the diluted blood mixtures In two 
small flasks or large test tubes and add 20 drops of a 10 per cent solution of 
potassium ferrlcyanlde. 1 * Allow both solutions to stand for a few minutes, 
then stopper the vessels and shake one vigorously for 10 to 15 minutes, 
occasionally removing the stopper to permit air to enter the vessel *« Add 5 to 
10 drops of ammonium sulfide (yellow) and 10 ml. of a 10 per cent solution of 
tannin to each flask. The contents of the shaken flask will soon exhibit the 
formation of a dirty olive-green precipitate, whereas the flask which was not 
7 h,ch ’ thcre fore, still contains carbon monoxide hemoglobin 
br ‘ft h t red precipitate, characteristic of carbon monoxide hexno- 
globln. T his test is more delicate than the spectroscopic test and serves to 


17 See Appendix 

r ,,b - M ' h illilmin.t.n. „ dilute! toot.!™ 

» £ ' ^ 30 *“? W ‘ nt o( esrbon monoxide (CO) . 

esrbon * U O,yh ' mo ' ,ob,n »*<> methemo*lobm which docs not combine with 

» TM. 1. do™ to d,., M t. 
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detect the presence of as low a content as 5 per cent of carbon monoxide 
hemoglobin. 

Dilution Test In very dilute solution oxyhemoglobin appears yellowish- 
red, while carbon monoxide hemoglobin under the same conditions appears 
pinkish- or bluish-red. Dilute a drop of normal blood with water, and dilute 
in parallel fashion a drop of blood containing carbon monoxide hemoglobin 
with water, until by comparison a difference In tint is noted. This is said to be 
as satisfactory a test as any for routine purposes. 

Quantitative Determination of Carbon Monoxide 11 If possible collect blood 
from an arm vein in an oxalated tube. Otherwise wrap a finger of the subject 
with a rubber band. Prick deeply with a blood lancet. Draw 0.1 ml. of blood 
into a pipet and discharge into a test tube containing 0.9 ml. of distilled 
water, drawing back once or twice to insure removal of adhering blood. Mix 
immediately but not too vigorously . Add 1 ml. of freshly prepared pyrogallic- 
tannic acid solution*' and mix by inverting twice. After 15 minutes compare 
with standards prepared as follows: Lake 1 volume of oxalated human blood 
free from carbon monoxide with 9 volumes of distilled water. Saturate half 
of the laked blood with CO by rotating in a flask or separatory funnel filled 
with illuminating gas for 15 to 20 minutes, avoiding violent agitation. Mix 
proportional parts of the treated and untreated blood solutions to represent 
0, 10, 20, 30, 40, . . . 100 per cent saturation. Transfer 1-ml. portions of 
these solutions to test tubes of the same size as that used in the test. Add 
1 ml. of freshly prepared pyrogalUc-tannic acid solution to each and mix by 
inversion. Cover with a layer of melted paraffin and fill the remainder of the 
tubes with sealing wax. These standards are said to be permanent. 

4. Neutral Methemoglobln. Dilute a little defibnnated blood (1 . 10) and add 
a few drops of freshly prepared 10 per cent solution of potassium ferricya- 
nlde Shake this mixture and observe that the bright red color of the blood 
is displaced by a brownish red. Now dilute a little of this solution and examine 
it spectroscopically. Note the single, very dark absorption band lying to the 
left of D, and, if the dilution is sufficiently great, also observe the two rather 
faint bands lying between D and E in somewhat similar positions to those 
occupied by the absorption bands of oxyhemoglobin. Add a few drops of 
Stokes’ 8 reagent to the methemoglobln solution while It is In position before 
the spectroscope and note the Immediate appearance of the oxyhemoglobin 
spectrum which is quickly followed by that of hemoglobin. 

5. Alkaline Methemoglobln. Render a neutral solution of methemoglobln, 
such 09 that used in Exp 4, above, slightly alkaline with a few drops of 
ammonia. Owing to the formation of alkaline methemoglobln the solution 
becomes redder In color and shows a spectrum different from that of the 
neutral solution. In this case wc have a band on either side of D, the one 
nearer the red end of the spectrum being much the fainter. A third band, 
darker than either of those mentioned, lies between D and E somewhat 
nearer E 

DETECTION OF BLOOD STAINS ON CLOTII, ETC. 

L Identification of Corpuscles. If the stain under examination Is on cloth, 
a portion should be extracted with a few drops of glycerol or physiological 

11 Snjcrs nnd Yant Bureau of 1/tne* Technical Paper STS (1925) The*e authors de- 
scribe a compact Geld apparatus For gasomotne determination of carbon monoxide In 
Mood Chapter 21 

" Mndo bj dissolving - g. pyrogalhc acid and 2 g of tanme acid in 100 ml of distilled 
Water. 
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(0 9 per cent) sodium chloride solution A drop of this solution should then 
be examined under the microscope to determine If corpuscles are present 


2 Tests on Aqueous Extract A second portion of the stain should be ex 
tracted with a few drops of water and the following tests made upon the 
aqueous extract 

(a) Hejiochroxioges Make a small amount of the extract alkaline by potas 
slum hydroxide or sodium hydroxide, and heat until a brownish-green color 
results Cool and add a few drops of ammonium sulfide or Stokes's reagent 
(Appendix) and make a spectroscopic examination Hankin has suggested a 
test based upon the formation of cyanhemochromogen and the mlcrospectro- 
scopic demonstration of the spectrum of this compound. 

(b) Hemd* Test Make this test upon a small drop of aqueous extract ac 
cording to the directions given on p 483, or, better, make the test upon a 
little material scraped from the cloth and put directly on a slide 

(c) Gcaiac Test Make this teat on the aqueous extract according to the 
directions given on p 484 The guatac solution may also be applied directly to 
the stain without previous extraction in the following manner Moisten the 
stain with water, and after allowing it to stand several minutes, add an alco 
holic solution of gualac (strength about 1 60) and a little hydrogen peroxide 
or old turpentine The customary blue color will be observed in the presence 
of blood 

(d) Benzidine Reaction Make this test according to directions given on p 484 
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Blood Analysis: Colorimetry and Photometry 


The factors which influence the chemical composition of the blood in 
disease may be broadly classified as physical and metabolic. The former 
include those cases of retention due to alteration or destruction of perme- 
able membranes in the excretory organs, such as the lungs, kidneys, and 
liver. The accumulation of nitrogenous waste products in certain forms of 
nephritis, and the hypercholesterolemia associated with obstruction of 
the biliary ducts by gallstones, are examples of retention brought about 
by such processes. In the so-called metabolic diseases alteration in the 
chemistry of the blood may be induced by increased or diminished forma- 
tion or utilization of the various constituents. Thus the accumulation of 
glucose in the blood as a result of metabolic derangement is an outstand- 
ing feature of diabetes mellitus In chronic nephritis with edema (neph- 
rosis), the high cholesterol values are considered to be of metabolic 
origin. Without multiplying examples, suffice it to say that changes in 
the blood chemistry need not be anticipated unless some condition affect- 
ing formation, utilization, or elimination is suspected It is noteworthy, 
however, that the line of demarcation between these factors cannot be 
drawn very sharply. For example, both metabolic and mechanical factors 
are probably at work in renal diseases In this connection it is important 
to differentiate between cause and effect For example, the evidence that 
gallstones are the result and not the cause of hypercholesterolemia is not 
complete. 

The present status of clinical chemistry is largely the result of the de- 
velopment of methods for the satisfactory analj’sis of small amounts of 
blood. Prior to the advent of modern micromethods for blood analysis, 
quantitative knowledge of metabolic processes within the body was based 
primarily upon analj’sis of the diet and urine by the classical meth- 
ods of analytical chemistry. This came about because the amounts of 
blood required for analysis by similar methods w ere so large as to preclude 
the routine use of blood analysis for clinical purposes, except for such 
isolated instances as the determination of hemoglobin. Shortly after the 
first decade of this century, the pioneer work of such outstanding bio- 
chemists as Folin, Benedict, Van Slykc, Myers, and their associates and 
pupils and many others, in developing methods for the analysis of small 
amounts of blood by volumetric, colorimetric, and gasometric methods, 
initiated the present phase of quantitative clinical chemist ry in which 
blood analysis lias become an indispensable adjunct to the study of the 
functions of the body in both health and disease. 
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The variety of blood constituents for which quantitative methods are 
a\ailable and whose analytical determination is now almost routine in 
many hospital laboratories and elsewhere is illustrated by the accom 
panying table, which lists the normal concentration range for many of the 
major constituents of human blood, together with the chief instances in 
which pathological \anation may be encountered The blood of other 
species of animals may vary with respect to certain constituents, for 
example, in the rat, nonprotem nitrogen is distinctly higher, while sugar, 
urea, and chlorides are slightly so 

Tor the quantitative analysis of blood and other biological material, 
in many ca«es a number of different methods are available for the deter- 
mination of the same substance This is because the aim of biochemical 


workers to evolve methods which are specific for the substances being 
determined has not always been successfully accomplished Many meth- 
ods have undergone (and are still undergoing) a process of evolution 
toward this goal The early blood sugar methods for example, were rela 
lively nonspecific and gave values of 100 to 120 mg of glucose per 100 ml 
of blood in normal individuals Later methods, by eliminating the effect 
of nonglucosc reducing substances, give values lower by about 20 mg per 
cent or more, and presumably nearer the true glucose content Thus the 
normal" value may depend to a great extent upon the method used, and 
knowledge of the method employed is essential in interpreting the sig 
mflcance of values obtained, particularly in the earlier literature The 
obvious value of more specific methods cannot be underestimated but for 
many purposes if an older and simpler but less specific method provides a 
guide to Mood changes m pathological conditions its usefulness continues 
Because of the largo number of methods which have been described w 
Ui e literature, in a number of cases for the same substance, the choice of 
methods descnlied m this chapter is somewhat arbitrary The authors 
M ,T . m , clho ? a " h "t> they behove to bo most generally use- 

ful and satisfactory , the selection in practically all cases being based upon 
ptn-onal experience or contact with hospital nnd research laboratories 
In many instances alternate methods arc odcred, to provide for difference 

^tirZ 0 t»r"T n " nK th ,° r ' , “' l ' c “tutus ot methods, and for difference 
hetuix n laboratories in facilities mailable or the type ot results required 
Wood ihimital methods differ considerably in the expense or complexit' 
e „ " pparil,us ! n ‘>“= "“c required for preparation ot ren 

on! e ra .il w rforn V l ^, c of tho “ na, ysis and in the degree of precision 
t a m?i ? °r“ ncd TI T' fa " ors mu,t t* considered m the selection 
InrTl e ,lPT“!? °' 1 “ adaptable than 

rae.M ,nsl P r us required in targe hospitals For 

‘ i terminations where a relatitely wadi r ro irp" f 
"“f I , , T* 'l" ’ ,mplt,r hu ‘ '<■« uccurate methods mat I* 

I ’ " ur ; h ' ut note however that the trend ,n modern clinical 
mlTTn toward nmre exact rather than tews exact methods «** 

only in tins nay can the demands of modem medicine Is- met 

end ot tin, r!,ap„ r „, n ,„ un ,| „ ,„ t of „ (mnre , to method* 

t< nninatinn ot blood constituents which are less common'' 
catlcsl for and which are not described detail I, ere or elsewhere m 
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Composition of Human Blood 


Total proteins (serum) per c 


Fibrinogen (plasma) per cent 


Iron as F« 
Copper 
Total nit rage 


Uno acid 
Creatinine 
Creatine 
Ammo-arid N 

Ammonia N 
Undetermined N 
Glucose 

Total fatty acids 
Cholesterol 

Lipide phosphorus 

Total acetone bodies (as acetone) 

Acetone + acetoacetic acid (as acetone) 
P Hydroxyhutync acid (as Bcetone) 
Bilirubirt 

CO» capacity (plasma) vol per cent 
COj content (artensl blood) vol per cent 
COi content (venous blood) vol per cent 
Oi capacity vol per cent 
Oi content (arterial blood) vol per cent 
Oi content (venous blood) vol percent 

\*corbie acid 
Lactic acid 
Phenols (free) 

Chloride as NaCl 

miHiecjuivalents per liter 
nullieijui intents per liter (plasma) 
Sulfates inorganic as S (serum) 

I hospborus inorganic as l (plasma) 

Calcium (serum) 

Magnesium (serum) 

Sodium (serum) 

tniUiequn »lcn l* per liter 
Potassium (serum) 

miilierjuivalents per liter 
Iodine (total) micrograms per 100 ml 
Protein bound (serum) micro grams per 
10O ml 


Range mg 
per 100 ml 


5-8 

0 1-0 2 
4 18 
70-100 
290— J 20 
150-190 

12 14 

0 8-5 0 
0 3-2 0 
0 5-3 0 
0 1-0 25 

5o-75t 
45-5ot 
50-60 t 
16-24f 
15-23t 
10-18t 


4o0-o00 
77 80 
93-106 

0 9 11 


Anhydremia Low in hydremic plethora and 


above Low m nephritis with edema 
(nephrosis) 

Low m nephrosis 

Nephrosis anaphylactic conditions malig 
nancy infections muscular activity 
Pneumonia infections Low in cirrhosis of 
liver chloroform or phosphorus poisoning 
typhoid fever 

Polycythemia Low in primary and eecondary 
anemia chlorosis 
See Hemoglobin. 

Varies chiefly with proteins (albumin globulin 
hemoglobin) 

Nephritis eclampsia etc See Urea N 
Chronic and acute nephritis metallic poison 
ing cardiac failure intestinal or prostatic 
obstruction some infectious diseases Rela 
tively low in nephrosis 
Nephritis gout arthritis eclampsia 
Nephritis 
Terminal nephritis 

Leukemia acute yellow atrophy of the liver 
severe nephritis 
Terminal interstitial nephritis 
Eclampsia 

Diabetes pregnancy severe nephritis 
Diabetes nephritis 

Diabetes nephritis nepbrosts biliary obstruc 
tion pregnancy Low in pernicious anemia 
Diabetes nephritis pregnancy In anemia 
low in plasma, high in cells 
Diabetes 
Diabetes 
Diabetes 

Bdiary obstruction hemolytic anemias Low 
in secondary anemia 

Respiratory diseases tetany Low m d abetes 
nephritis 

Respiratory diseases tetany Low in diabetes 
nephritis 

Respiratory diseases tetany Lo« in diabetes 
nephritis 

Polycythemia anhydremia Low in cardiac and 
respiratory diseases anemia 
Polycythemia anhydremia I»w in cardiac and 
respiratory diseases anenua 
Polycythemia anhydremia Low in cardiac and 
respiratory diseases anemia 
Low in scurvy 
Exercise eclampsia 

Intestinal obstruction pemicio is anemia 
nephritis 

Nephritis cardiac conditions prostatie ob- 
struction eclampsia anemia in diabetes 
fever and pneumon a. 

Nephritis 

Nephritis Low in tickets Normal vslura 1-2 
mg higher in children 

Low In infantile tetany severe nephritis 
panel y roidectomy 


Pneumonia acute infections oe 
Hyperthyroidism Low in cretinism 


• Figures express con cent rat i m in mg per UK) n 1 if wl le » Inod unless oti ci 
t iigure* re; recent weighted average* of the oloervations of several 


e In fieated in the 
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book There is also a selected list of books and other treatises to which 
the reader is referred for a more comprehensive discussion than is possible 
in these pages of certain of the subjects considered here, particularly with 
reference to historical aspects and the clinical significance of laboratory 
data 

COLORIMETRY AND PHOTOMETRY 
Introduction Man} methods for the quantitative analysis of blood 
tissues urine, and other biological material are based upon the P r °duc 
tion of colored solutions in such a way that the intensity or depth 
color so obtained maj be used as a measure of the concentration of sub- 
stance being determined Such use of color as an index of concentration 
has long been known to analytical chemists as the science of colorimetric 
analysis or colorimetry, and the instrument used for color evaluation is 
called a colorimeter These terms, while admittedly not precise, have the 
sanction of established u c age, particular!} when they refer to the very 
common type of color measurement in which the colored solution repre- 
senting the substance in unknown concentration is brought by one means 
or another to exact color match with a suitable standard color Unti 
relatively recently this was the onl> practical method for colomnetnc 
analysis because the human eye is much more capable of establishing the 
pre c cnce or absence of exact color equivalence than it is of defining 
quantitative differences in color intensity in precise terms 

It is clear, however, from a knowledge of the physical nature of color, 
that color intensity may be established in terms of the degree of 
absorption at specific regions or wavelengths in the visible spectrum 
take a simple example, a solution has a blue color because general!' 
speaking it absorbs a lesser proportion of the blue components of the 
mixed white light passing through it than of any of the other colored com 
ponents Thus white light entering the solution will emerge in diminished 
intensity nnd have a preponderance of blue wavelengths The darker the 
solution, i e the more intense the color the greater must be the degree oi 
light absorption at certain wavelengths so that such light absorption 
may lie used as a direct measure of color intensity Analytical procedure' 
ba*ed upon the direct measurement of color intensity in terms of light 
ab«orption at specific wavelengths are known as photometric procedure* 
ami tfic instrument u«ed is called a photometer Tins usage is by no means 
universal however, and there are many who continue to use the term 
“eolonmetne” for methods ba*cd upon the production of colored eolu 
tions regardless of the means by which the color intensity is established 
To n\ mil confusion it appears desirable to define a colorimetric procedure 
as one in which the colored solution reprc^nting the substance w tin ' 
known concentration is brought to exact color match with a standard 
color representing the substance in known concentration while a phot**" 
mrirtc prortdure is one based upon the direct measurement of color 
mtr nnt\ in terms of the light alworbmg power of the solution at a specie 
region cf the spectrum l nhk< colorimetric procedures which are limit 
to the \i«iHi portion of the spectrum the general principles of p! )0<<> * 
tnetnr procedures are as applicable to the ale'orption of radiant energy ,n 
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the ultraviolet and infrared portions of the spectrum as they are to ab- 
sorption in the visible region, and increasing analytical use is being made 
of this fact. The use of turbidity and fluorescence for analytical purposes is 
discussed on pp. 533 to 537. 

COLORIMETRY 

As defined above, colorimetry is based upon the matching of a colored 
solution representing an unknown concentration of the substance under- 
going analysis with a standard color representing the substance in known 
concentration. The substance must therefore be either colored by itself or 
capable of undergoing reactions leading to the production of a color. 
Furthermore, the color intensity must be dependent upon the concentra- 
tion, otherwise the color reaction is valueless for colorimetric purposes A 
colorimetric procedure therefore involves three operations: (1) The prepa- 
ration of the colored solution to represent the unknown, (2) the obtaining 
of a suitable standard color, and (3) color matching. 

If the substance being determined is itself colored— as, for example, 
hemoglobin, carotene, certain inorganic ions, dyes, etc — the preparation 
of the colored solution for analysis is usually relatively simple, and may 
involve merely appropriate dilution or concentration of the sample to 
produce a color of intensity suitable for comparison against a standard. 
Even under these conditions, however, it is often better to separate the 
colored compound from possible interfering colored or noncolored mate- 
rial prior to estimation. If the substance must undergo a series of reactions 
leading ultimately to the production of a color, it is of the utmost impor- 
tance to recognize that the final color intensity may be influenced to a 
considerable extent not only by the concentration of unknown substance 
but also by the intermediate steps leading up to and including the devel- 
opment of the color. Such factors as the time of heating and cooling, order 
and rate of addition of reagents, whether the reagents are new or old, the 
time of standing and temperature of the solution during color develop- 
ment, the presence of nonchromogenic material such as neutral salts, and 
even the volume of solution in which the color reaction occurs, are all 
known to influence the final color intensity for a given amount of material 
in many if not all colorimetric procedures For accurate and reproducible 
results, therefore, it is essential that all steps in a colorimetric procedure 
be carried out under conditions as carefully controlled as possible. In 
many enses the authors of colorimetric procedures have carefully specified 
the conditions for precise analysis, and these conditions should be followed 
without deviation. 

The obtaining of a suitable standard color is obviously a most impor- 
tant phase of a colorimetric procedure. It may be stated without qualifi- 
cation that the most satisfactory standard color, and the one which should 
always be used for accurate results, is that obtained by treating a known 
concentration of the substance being determined by exactly the same 
procedure that is u«ed for the unknown, at the same time, and under as 
nearly identical conditions as possible. Thus the final colors in standard 
and unknown will lx* due to the same substance, differing if at all only in 
intensity, and the many nonspecific factors already mentioned which 
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may influence color intensity will presumably affect the standard and 
unknown to exactly the same extent and will not influence analytical 
results based upon their comparison. All colorimetric procedures must be 
originally haw'd upon the use of this type of primary standard, even 
though secondary standards may be used later, as discussed below. 
This results becau«e there is no way to predict the relationship between 
color intensity and concentration except in terms of the color yielded by a 
known concentration of the substance. 

It is assumed in the use of a standard color that if the standard and 


unknowm exactly match in color intensity they represent equal concentra- 
tions of the substance being determined. In actual practice this may or 
may not be true. The standard usually contains the substance being 
determined in relatively pure solution; in the unknowm, extraneous factors 
may be present which modify color intensity. Substances other than the 
one being determined may enter into the color reaction, and results wall 
therefore be too high; the analytical problem under these conditions is to 
devise either a more specific color reaction or to find methods for elimi- 
nating nonspecific interfering substances, and much of the trend in 
colorimetric analysis has developed along these lines Another type of 
interference which ls less frequently recognized is the influence of non- 
chromogemc material present on the intensity of color produced by a 
gnen amount of chromogenic substance. This may lie tested for by add- 
ing to the unknown a given amount of the pure substance, and measuring 
m CO,or intcn8,t y ^ this increment is greater or 
lolnium !ll5 known to represent the added amount of substance in pure 
^ 'T w no of loss or destruction, then factors are 

tion and th f “ n . kn0 "' n " hlrfl modify color intensity per unit conccntra- 
"Tnternal ™ ltaWo ™ rr oc“o n must be made This method of using an 
t "' 8 ^,'', “A " noroc times called, docs not prove that the 
mined hut * f 'Vm V nk ?°'™ '» due to the substance being deter- 
Sldna’a eomnlef T“"" whcther °r not this substance is capable of 
In some w " r ° aCt, ° n U " der thc conditions of the analysis 

taiI"nc mb^ton^ «h C ^ 0CCd,,rC, elandord solutions are required con- 
state fc a uSin “ PCr " nvc or <I'fIi<mlt to obtain in the pure 

ramdlv on'standm ’ a " d °" C ,imo ’ “eat.nme), or which deteriorate 
r'atus for 'standard!? °i ""P? 1 * “"'"adable technical skill and appa- 

use of tolmrnr ( ° g hc T glob,n) To provtde for the routine 
ficial” standards ures phased upon such standards, various “arti- 

VonLl In ,nst ances these standard* 

SS i ttJSuS ° f , dyeS or or of colored 

to correspond as closcli^ , W 80 hy the investigator or manufacturer 
of the substance he n* 1 ’ C t° that representing a known amount 
Lid.rS" »X f ^d K ,„ d ,t^ »f the use of artifice 

hemoglobin tn fill?! ?n i* Ne l Wcomor method for the determination of 
of urine snjmr ( n ojA' 0 Ik ‘. ne f ,rt Pirate method for the determination 
color m tKiUmn W L ■» -sing such standards, tin; 
and then (omtnr«! ** ®" a k /ed is developed bj the usual procedun 

known amounts 5 mllenal 0 **^^ Htandard or repre-en - 



Chap 23 


Blood Ajsaiysis Colorimetry avd Photometry 


503 


There are many difficulties in tfie May of obtaining accurate results 
with artificial standards A.side from the technical problem of an exact 
color match — and few individuals agree with one another on this point — 
it has already been pointed out that color intensity depends not only 
upon concentration but also upon the technique of the analytical pro- 
cedure Therefore the intensity of color corresponding to a given amount 
of material being determined may vary from laboratory to laboratory 
Furthermore, few colorimetric procedures result in the production of a 
color which does not show either an increase or a decrease m intensity on 
standing Comparison against a simultaneously prepared standard w hich 
undergoes eqimalent changes in color intensity will eliminate errors due 
to such changes, comparison against a stable standard will clearly gi\e 
results which may depend largely upon the time of standing after color 
development, and careful control of this factor may therefore be neces- 
sary With few exceptions, artificial standards are satisfactory only where 
approximate results are sufficient, they should never be used simply to 
relieve the analy st of the responsibility for preparing and maintaining an 
exact standard solution If artificial standards are used, they should 
always be checked in one’s own laboratory and with one’s owm reagents 
to eliminate errors from inexact calibration, and this checking should be 
repeated at frequent intervals or when new reagents are prepared 

Colorimeters. Colorimeters are instruments used to facilitate the 
exact matching of two colored solutions This matching may be done m a 
variety of ways, summarized as follows 

1 By Comparison against a Series of Standards The unknown 
colored solution is compared by' inspection with a senes of color standards 
representing the substance being determined m know n and varying con 
centration The concentration of the unknown is given by the concentra- 
tion of the standard which it exactly matches The colorimeter is simply a 
device for holding the standards and the unknown and for providing uni 
form conditions of illumination to facilitate exact color match The 
method is simple and requires relatively inexpensive apparatus Chief 
drawbacks include the labor of preparing and maintaining the standards 
the possibility of error due to deterioration of standards already prepared, 
and the fact that the range and precision of the method are limited bv the 
number of standards available The method therefore finds greatest 
application where it is known that the scope of the analytical problem is 
limited to results within a certain range of concentration, and highest 
accuracy is not required Examples of the use of this principle arc found 
in the colorimetric determination ofhy drogen ion concentration (Chapter 
1), in the Benedict picnte method for unne sugar (p 923), and in an in- 
creasing number of “pocket,” “bedside” and “field” analysis outfits 
available commercially for specific analytical purposes (sec Tig 121 ) 

In many instances these outfits are fitted with artificial permanent 
st indards, usually of colored glas^ or gelatin to eliminate the necessity 
of preparing a senes of standards The use of such artificial standards has 
already been discussed 

2 By DurLicvnox of Color In this method a rclativ ely concentrated 
standard solution is measured into a "blank” containing the same 
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reagent*} as u*-e<I m the sample until t!ie color matches that of the Fa m pie, 
after the \ olumc of the stand ml has l>een brought up to the v olume of the 
sample by the addition of distilled water and thoroughly mixed The 
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volume of standard solution required to prepare the duplicate is a meas- 
ure of the amount of test substance in the sample Some authors call 
this method colorimetric titration 

3 By Dilution to Color Match Either the 
unknown or the standard is diluted with water or 
other solvent until the two colors exactly match 

in intensity when compared under similar conch 

tions of illumination and depth of solution 
through which the light passes Thus if the un 
known must be diluted to twice its original \ol 
umc to match a given standard, its original con 
centration is assumed to have been twice that of 
the standard, and in general if two colored solo 
tions differing only in concentration are brought 
to color match by diluting one of them, the onp 
nal concentration of the diluted solution is equal 
to the concentration of the undiluted solution 
multiplied by the ratio of final to initial v olumes 
for the diluted solution Only the simplest of ap* 
paratus is required for this procedure, the color 
imeter may consist of two graduated test tubes 
(Tig 122) or cylinders of equal bore In the Sabu 
Hcmoglobmometer ’ (see Fig 161, p G12),whic“ 

exemplifies this type of color comparison, the 
blood sample is diluted in a graduated tube to 
match a permanent standard representing a 
known concentration of hemoglobin from the dilution required the hemo- 
globin content of the sample is directly determinable Dilution colorimetry 
s somewhat, tedious, being comparable to a volumetric titration to an 
irbitrary end point, but results with an error not exceeding 5 per cent maj 
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Tlbe Colorimi ter 
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be obtained with practice A major disadvantage of the dilution procedure 
is that many colored solutions are affected by dilution out of direct pro 
portion to the change in total volume owing to the influence of such factors 
as neutral salt concentration, acidity, or even the relative amount of 
solvent itself on the color intensity Thus a blue solution of copper sulfate 
on being diluted to twice its original volume will have its color intensity 
affected not only by the change in v olume but also by the change m cop- 
per ion activity (“degree of dissociation”) brought about by the dilution 
It cannot be assumed that the dilution procedure is accurate, therefore, 
unless it has been shown to be so experimental!} 

4 B\ Varying the Depth of Solution through which the Light 
Passes This procedure is the basis of the common laboratory visual 
colorimeter and is called the balancing method of color comparison It is 
based upon what is Commonly known as Beer’s law which for present 
purposes may be stated as follows 1 the intensity or density of color in a 
solution is determined for a particular substance solely by the number of 
colored particles (molecules or ions) in the light path For example, a 1 per 
cent solution of a dye viewed through a solution depth of 20 mm should 
have the same color as a 2 per cent solution viewed through 10 mm of 
solution, because there are the same number of colored molecules or 
ions m the light path in each instance In other w ords color density is 
directly proportional to the concentration of colored substance and the 
depth of solution through which the light passes Stated mathematically, 
for a particular colored substance 

D — k X c X l 

where D is the color intensity or density A. is the proportionality constant 
characteristic of the substance c is the concentration of colored sub- 
stance, and l is the length or depth of solution traversed by the light 
beam 

Tor two solutions of the same substance at different concentrations 
ci and c 2 , and depths of solution h and /. 

, Di^lXctXh 

and 

D s = k X cj X It 

If Jj and U arc varied so that the two solutions hav e the same, color inten- 
sity (l e , D, = D t ), which is what is done in colorimeters based upon this 
principle, then 

l X ci X U — h X c s X U 
or, by transposing and canceling out K, 
ci _ h 
c* h 

Thus two different concentrations of the same colored substance arc 
related inversely to the depths of solution required for color match If 
one of these solutions is a standard of known concentration, C%, adjusted 


1 Sec pp 516 to 5-2 for a more detailed ducuwion of Beer a law 
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to color match with the solution of unknown concentration, Cx , by ' arm- 
ing the depth of solution (readings Its and Ttx respectively on the colorim- 
eter), the equation becomes 

Cx Its 


C '-K XC * 

le , the concentration of the unknown is guen by the readings of standard 
and unknown and the concentration of the standard 

In using this equation, it must not be overlooked that the term concen- 
tration means amount per unit iolumc 7 hence a more exact form of the 
equation is as follows 


Vx R x Vs 

or 

x -& xs *& 

where .Y and S arc the actual amounts of substance present in volumes 
p , * * of unknown and standard colored solutions respectively, a nC * 
and «. are the colorimeter readings as before This form of the equa- 
tion is the fundamental one upon which are ba«cd all colorimetric pro- 
cedures of the type described here In most procedures the final volumes 
“JSf™ and arc the same, and the volume factor V x /V* 

r" C ±° U 5' T? 1 * arG th0n ° bta,ncd P nm anly in terms of the actual 
8ubstance P r fs«nt, and as a matter of fact the directions for 
c °J omnet nc procedures prescribe the taking of a definite amount 
rather than concentration of standard In certain colonmetnc procedures 
stand*™? natl ° n ,°lr creatm,ne >n blood, p 555) the volumes of 

tuWnLtf d,frer ’ and in such cases the«e volumes must be 
substituted in the above equation 

aJount nf^kn T ° b . , |?" Md the above calculation represents the 
dSSonmlnrTn “ hc P ,° rt,0n of ““"P 1 ' actually taken for color 
f or Z? X n CXPt r re8, ; lts ,n temis cf amount per 100 ml of blood 
HoXS’^iS, ^ mu t,phl!d by 100/e, where c ,s the tolume of 
oSd Ttasif eolS '° n, ? u,ed the ™tcnal on wh.ch the color was detcl 
oSfon a e, Tc. ent m a b,ood determination IS earned 

preparation^ the r tIa £ from the bIood dduted * enfo,d “* ,ta 

E fSS? ill S , P rotc, n- rr «-o filtrate used for the actual analysis, r m 
bloi? ’ 6 he 2 101 of f,1,rat « represent 0 2 ml of origin* 1 

I J” , ab ° Te , c O"ntions to colonmetnc calculations, certain 

“uhe jL T^ d , For mec hameal, optical, and analytics 
solution S cX ~ , r ,“ lat,onsh >P between concentration and depth f 
of the cotoimilrsi I 1 ” "l T era ‘ not aPPheable over the entire length 
?raduaS^ 1 '4i‘ Ch ” u,ual| y about 40 to 50 mm long a"' 1 

graduated in mill, meters The standard is ordinary selected to be of such 
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strength as to give a good intensity for color comparison at a depth of 
about 15 or 20 mm It is a general rule that readings of an unknown which 
are less than half or more than double the reading of the standard are 
outside the range of application of Beer’s law The amount of sample 
taken for analysis is selected if possible so that the expected reading will 
come within this range relative to the standard reading, readings outside 
this range are regarded as approximations only , to be used as a guide for 
repeating the analysis on a more satisfactory aliquot of sample In general, 
it is better to change the amount of sample analyzed so as to come within 
the range of the standard than to alter the standard, because the standard 
is usually so selected as to provide the most satisfactory intensity for 
color match, lighter or darker standards may give less accurate results 
If the amount of sample available is limited however, and it is known 
that unusually high or low values may be encountered the analysis may 
be saved by routinely providing several standards at different concentra- 
tions the unknown bemg compared against the standard which it most 
closely matches on inspection 

In some colorimetric procedures the range of inverse proportionality 
between scale reading and concentration is much less than that repre- 
sented by the “half or double” rule The authors of such procedures 
usually specify the reliable range of readings If the deviation from Beer’s 
law is systematic, it is sometimes possible to establish a table of corrected 
values, showing the relation betv een the observed readings and the 
amount present, thus extending the range of permissible readings From 
what has been said concerning the various factors which influence color 
intensity, however, it is clear that such a table is highly empirical and 
usually reflects the conditions prev ailing m one laboratory only It should 
be checked at intervals for accurate results, this checking is particularly 
important if a table developed elsewhere is to be used 

The use of light filters or of a monochromatic light source is ordinarily 
unnecessary in colonmetnc comparisons, and mixed white light is com 
monly used since if standard and unknowm contain the same colored 
substance, at color match light transmission must be the same at all wave- 
lengths If extraneous colored material is present (1 e , if the reagents 
themselves are colored), or if unknown and standard differ m hue as 
well as in intensity, properly selected light filters may considerably lm 
prove the precision of readings or the range of applicability of Beer's law 
When artificial standards are vwed, uniform and reproducible illumi- 
nation is particularly important because such a standard may , for exam 
pie, represent one concentration by daylight and a different concentration 
by artificial light 

Colorimeters constructed to utilize the relationship between depth of 
solution and concentration expressed m Beer’s law usually consist of (a) 
a source of light (mirror or built in electnc lamp) , (l») a pair of adjustable 
cups and plungers, for varying the depth of solution through which the 
light pa^cs, (c) an optical arrangement for looking down through the 
plungers and for bringing into juxtaposition the two fields of light from 
the solutions being compared, to facilitate exact color match Many 






Chap 23 


Blood Analysis Colorimetry x\d Photometry 


509 


different commercial models are a\ affable “ The constructional details of 
one type are shown in Fig 123, and other tjpes 
are illustrated m Figs 124 and 125 In the original 
colorimeter of this type designed bj Duboscq, 
the cups were fixed and the plungers were raided 
or lowered to vary depth of solution, in modern 
Duboscq type colorimeters, the plungers are fixed 
and the cups are adjustable The cups usuallj 
hold about 5 ml of solution, micro-cups and 
plungers maj be used for smaller \ olumes Cups 
with flared tops are preferred over the straight- 
side type Some types of cups leak when in con 
tact with certain nonaqueous sohents such as 
chloroform, and are therefore unsuitable for such 
sohents unless sealed with a resistant cement 
For illumination, the most satisfactory sources 
are north sky light or light from an electric lamp 
equipped with a “daylite” filter In selecting a 
colorimeter, the choice should be determined 
largely by size and definition of the optical field and the e\enness of its 



Fig 124 Klett Biocol- 
orimeter iytth Built- 
in L^mp in Bxse 
Courtesy Klett Wanufac 
t unng Co 



Fig 12o MicnocoLoimurr* n (Bauson I o\tu) 
illumination, excellence of mechanical and optical construction, and ease 
of operation and reading 

* The instruments mwuf act tired bj Klett Manufacturing Co New X ork B«U-«eh and 
Lomb Optical Co It oeh ester N X and American Oi Oral Co BuTalo N X are es peel 
nll> satisfactory in tl e authors experience 
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I- ro 123 Diagram Showing CosbthI/CTIOV 
or Dmosccj Colorimeter (Uacscji and 
Lome) 

A Lye point Ii eye lens C collective 
D cov<r glass f bi prism /■ rhomboid 
prism (i plungers II, cups, /, mirror 
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different commercial models are available. 2 The constructional details of 
one type are shown in Fig. 123, and other types 
are illustrated in Figs. 124 and 125. In the original 
colorimeter of this tj'pe, designed b} r Duboscq, 
the cups were fixed and the plungers were raised 
or lowered to vary depth of solution; in modern 
Duboscq-type colorimeters, the plungers are fixed 
and the cups are adjustable. The cups usually 
hold about 5 ml. of solution; micro-cups and 
plungers may be used for smaller volumes Cups 
with flared tops are preferred over the straight- 
side type. Some types of cups leak when in con- 
tact with certain nonaqueous solvents such as 
chloroform, and are therefore unsuitable for such 
solvents unless sealed with a resistant cement. 

For illumination, the most satisfactory sources 
are north sky light or light from an electric lamp 
equipped with a "daylite” filter. In selecting a 
colorimeter, the choice should be determined 
largely by size and definition of the optical field and the evenness of its 



Fig. 124 Ivlett Biocol- 

ORIMETER, MITII BtJILT- 

iv Lamp in B\sE. 
Courtesy, Klett Manufac- 
turing Co 



Fig 125 Microcolorimeti-r (Bauson avd Lour) 


illumination, excellence of mechanical and optical construction, and ease 
of operation and reading 

1 The instruments manufactured by Klett Manufacturing Co , New York. Bau«rh and 
Lomb Optical Co . llochester, N. Y.. and American Optical Co . Buffalo. N. Y., are especi- 
ally satisfactory in the authors* experience. 
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The general principles involved in the use of a Duboscq-type coloriro 
eter are illustrated by the following experiments. 

EXPERIMENTS ON COLORIMETRY 


J. Preparation of Colorimeter for Use: (a) I 


r Source. Place the colorlm- 


eter on a firm table nith the mirror farina the llfiht source. ' ln the 
••daylite" lamp 1, beat. Some colorimeter, have a built-in elect, 1c :U*np»^ 
base; this Is equally satisfactory. Loot throufih the eycplece ol t 'e co o 
eter and note the appearance of the field, foeu.lnfi f necessary 1 « | ba , 
sharp definition. Adjust the mirror (or the lamp In the , h |, s d- 

the evenness and intensity of Illumination can be varied at 
justment. Adjust until the two halves of the field are appro! e ” ’ 
Illuminated, at maslmum Intensity. This I. a prellm.nary ad ustmenM^ J 
final adjustment In an analysis must always be made with the standa 

described In Exp. 2. , . . beneath 

(b) Checking the Zero Place each cup, clean and dry,* on Its rack ben 
a plunger, and carefully rack up the cup until It comes ‘"contact with # 
bottom of the plunger. Read the colorimeter scales; each should read i • 

If they do not, locate the scale adjustment or Its equivalent and adjust 
that both scales read 0.0 when cup and plunger are In contact. CMC* ' 
lowering the cups slightly, then raising to contact, and again reading, 
lower the cups and Interchange them on the plungers. Again bring to con 
with the plungers and read. Are the scales still In adjustment? It Is comm t 
practice to mark one cup, as by wrapping a rubber band around It, so 
accidental exchange will not occur. 

2. Use of Colorimeter for Comparing Two Solutions. Obtain two colored 
solutions, a standard and an unknown, containing the same substance ! 
slightly different concentrations. Half fill each cup with a portion of 
standard, place the cups on the racks, and rack up carefully to contact w 
each plunger. This serves to displace air bubbles which may be trapped un 
the plunger. Get Into the habit of routinely checking the zero at this pO 
at the same time. Lower the cups until both scales read exactly 15.0. L 
through the eyepiece. Adjust the light source carefully until the two ha 
of the field areas evenly Illuminated as possible. Theoretically, the reading ^ 
each side Is now 15 0; actually, there is as much error In this adjustment 
In the subsequent reading of an unknown; therefore for precise results 
solution on one side should now be read against the other side (“mate 
the standard against itself"). Leaving the left-hand cup set, lower the og ^ 
hand cup slightly to throw the two halves of the field out of balance, t 
raise the cup slowly while looking through the eyepiece, until the field ap 
pears exactly even. Note the right-hand scale reading. Repeat this P rt ** ' . 
three or four more times, and average the readings. This is the actual rea 
of the standard that is used in the calculations. 

When the reading of the standard In the right-hand cup has b* c " * c 
tahllshed, remove this cup, discard Its contents, and place a portion of 
unknown In the cup. Holding the cup in the hand, run it up and down bn 
on the right-hand plunger, thus rinsing cup and plunger with the unhnow 
Discard the cup contents and repeat the rinsing with a fresh portion. E'"* 
half fill the cup with fresh unknown and replace It on the cup rack. Run t ^ 
carefully to contact with the plunger, to displace air bubbles, then lower 

* Use a fresh mere of soft lintW, paper (lens paper or Kleenex ) to wipe the b olU> m 

esrii tup dry Do not use a towel or handkerchief for this purpose 
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until inspection through the eyepiece indicates color match Make the read- 
ing, and repeat three or four times as described for the standard, averaging 
the readings The aierage result ts the reading of the unknown 

From the readings of standard and unknown, and the know n concen- 
tration of the standard, the concentration of material m the unknown is 
calculated as follows 

Reading of Standard ^ Concentration _ Concentration 
Reading of Unknow n of Standard of Unknown 

Note that in this calculation the readings of standard and unknown 
are both made on the same scale, i e , the nght-hand scale The standard 
in the left-hand cup is set at 15 0 (or 20 0, or whatei er \alue is specified) 
merely to establish a satisfactory color intensity for comparison purposes, 
and its reading does not enter into the calculations As a matter of fact, 
some types of colorimeter do not ha\ e more than one scale It is true that 
various other methods of reading a colorimeter have been proposed, but 
these are all subject to more error than the procedure described here 

In making colorimeter readings, it is good practice to rest the eyes 
frequently by looking up from the colorimeter, because the eyes tire easily 
and color discrimination becomes less acute Make four or five independ- 
ent readings and aierage them to minimize error, if one reading in the 
senes is obviously quite different from the others it may be discarded in 
averaging Best results are obtained if alternate readings are approached 
from abo\e and below, and the hand remo\ed from the instrument 
between readings, thus minimizing the tendency to return mechanically 
to the same reading 

3 Influence of “Personal Error” on Colorimetry Repeat the above experi- 
ment, but after jou have read the standard against itself, have another 
individual make independent readings, and compare results How closely 
do y ou agree? Now read the unknown against the standard, and calculate the 
concentration of the unknown from jour readings Have the second person 
likewise read the unknown and calculate results from his readings Is any 
difference In opinion concerning the readings reflected In the final results? 

In general, it Is necessarj for each analjst to make his own readings of both 
standard and unknown. In this way, differences of opinion as to precise color 
match do not influence results 

4 Beer’s haw Obtain a series of aqueous methylene blue solutions con- 
taining 0 00-1, 0 005, 0 010, 0 020, and 0 030 g per liter respectivelj of the dje 
Select the 0 010 g per liter solution os a standard, and set at 15 mm Match 
the standard against Itself, making the readings as described In Exp 2, and 
then read each of the other solutions against this standard On a sheet of 
cross section paper, plot the colorimeter readings on the y axis against the 
concentration on the x axis Draw a smooth curve between the points Now 
calculate by the use of Beer’s law what the various readings should he for 
the determined reading of the standard Plot these theoretical readings on 
the same graph, and connect the points b> a smooth curve Do the two curves 
overlap completelj ordothej diverge at an> points? To what extent does this 
dje follow Beer’s law under these conditions? How could jou obtain accurate 
results in a colorimetric procedure which Is known not toobej Beer slaw? 



512 


Practical PmrstoLOf ical Cm mistrt 


Chap V, 


Another way of plotting results is to plot the theoretical reading for a 
given concentration against the actual reading A straight line indicates 
adherence to Beer’s law It is the general practice to obtain results by 
calculation based on Beer's law only if the unknown reading is not more 
than double or less than half the standard reading Unknowns falling 
outside this range are repeated with more or le«s of the sample for anal} “is 

5 Influence of Analytical Procedure on Color Intensity Into each of two 
small flasks place 20 ml of standard ammonium sulfate solution contain 
infc0 2mg of nitrogen (see p 549) To one flask add 2 ml of Nessler’s reagent ‘ 
drop by drop, from a buret (Because of its poisonous nature, 1 never use a 
plpet with Nessler's reagent ) Set aside, and to the second flask add 2 ml of 
the Isessler reagent, as rapidl> as possible Mix by lateral shaking and set 
aside After 10 minutes standing, read one of the two solutions against itself 
in the colorimeter, and then read the second solution against the first D° 
the readings Indicate that the two solutions have the same concentration of 
ammonia? What must be done to ensure uniform results? 


PHOTOMETRY 

Photometry, in the sense in which the term is understood in analytical 
chemistry, consists in the measurement of the light-transmitting power of 
a solution in order to determine the concentration of light-absorbing 
material present For purposes of simphcit} the term light is used m 
place of the more inclusive term radiant energy It must be understood 
that the principles upon which photometry’ is based are as applicable to 
the transmission of energy in the ultraviolet or infrared portions of the 
spectrum as they are to transmission in the more commonly employed 
visible, or colored, Bpectrum (see Fig 287, p 1249 for a chart showing the 
spectral distribution of radiant energy) 

The ability of a solution to transmit light is known as the transmit- 
tance, T, of the solution Stnctly speaking transmittance is defined as 
the ratio of the intensity, 7* of the light emerging from the cell containing 
the solution to the entering or incident light intensity, I h or 


r = 

Tor photometric purposes however it is neither practical nor necessary 
to measure the incident light intensity and to define transmittance m this 
way In a photometric procedure there is always a certain proportion of 
nonspecific light loss during passage through the solution due to reflection 
from glass surfaces scattering and absorption by the solvent, reagents 
and even possibly by contaminating traces of the substance which I s 
bemg deterrmned Any of these will obviously influence a single measure- 
ment but should be constant from one measurement to another, and ma> 
therefore be balanced out by defining transmittance in relative terms 
, U V* Iet T «*n be the (over all) transmittance of a solution containing 
a light-a bsorbing material (the solute) and let T„„ be the (over all) 


4 K**i Appendix 

i’ih7mm h Z£ r 31 ”< o( „d l>» 
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transmittance of a reference solution (the solvent), usually the colorless 
solvent or reagent blank both solutions being examined under equivalent 
conditions of wavelength, incident light intensity, and depth of solution, 
then the ratio of the transmittance of the solution to that of the solvent 
(or reagent blank) is equal to T,, the transmtttancy Sa of the sample, l e , 

T, = ^ — Transmittancy 

1 moU 

In this way neither the intensity of the incident light nor the nonspecific 
light loss need be determined, and furthermore contaminating traces of 
the substance being determined, or reagents which are themselves colored, 
do not interfere in an analysis The change in transmittance due to the 
presence of the substance is determined solely by the increase in light 
absorption above a level which is arbitrarily taken as zero It is this possi- 
bility of ruling out error from blank light absorption which represents an 
outstanding advantage of photometric analy sis ov er colonmetnc analysis 
with the Duboscq type colorimeter, where this cannot be earned out 
without the use of correction factors 

Transmittancy, T,, is thus a relative measurement and is always less 
than 1 00 if light-absorbing material is present It may be expressed 
numerically either as a decimal fraction or in terms of per cent, e g , 
a transmittancy of 0 65 or 65 per cent A more satisfactory way of express- 
ing the transmittancy of a solution is in terms of its negative logarithm,* 
— log T,, known as the absorbancy, A. also designated as the optical 
density, D, or the extinction, E, of the solution 

A, = — log T , — log = Absorbancy 

The utility of this basis for defining light absorption, particularly for 
photometric purposes, will be presented subsequently 
Determination of Transmittancy. The light transmittancy of a 
solution is determined by the use of an instrument known ns a photometer 
Many varieties and designs of photometers have been described and are 
available commercially, regardless of design, the principle upon which all 
analytical photometers operate is fundamentally the same, and may be 
described ns follows Light of suitable wavelength is allowed to pass 
through a reference solution, usually the colorless solvent or reagent 
blank, held m a container of fixed dimensions known as a cuvette The 
intensity of light emerging from the reference solution is established at an 

*“ It is felt by some that a distinction between trantmiltance and trantmxltancy ns defined 
here 13 relatncl) unimportant Until standardized nomenclature in this field becomes more 
Universally adopted one ma\ find some authors or publications using one term and some 
the other when referring to pi otometnc measurements 

'Some investigators particular!) m Furopean laboratories use the natural logarithm 
rati er than the common logarithm i e — In 7* rather than — log T Tl e choice is »mma 
tcrtal for photometric purj oses but mi) lead to confusion in applying data obtained el*e- 
wl ere Tl o relation ltetween tl e~e two met! ods of es{ ression is as fotlows 


- log T - 0 1111 X (— In T) 
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arbitrary value bj any of the various methods described below, this 
value usually corresponding to a reading on the photometer scale of 0 
optical density or 100 per cent transmittancj The reference solution is 
then replaced by the solution whose transmittancj is to lie determined, 
held in the same or a similar cuvette, and the emergent light intensity 
measured relative to that established for the reference solution, this 
relation gives the transmittancy of the solution under examination 
The intensity of light emerging from a solution may be established b> 
either visual, photographic, or photoelectric (or equivalent) means, ot 
these the last is most common, most accurate, and has largely displaced 
the others In a visual photometer, the emergent light beam is compared 
in intensity with a parallel reference beam of similar properties vv Inch is ot 
arbitrary and adjustable intensitj The adjustment required to bring the 
reference beam to the same intensity as that emerging from the solution 
under examination is the measure of the emergent light intensitj Meas- 
urements arc therefore influenced bj the acuity of visual color intensitj 
discrimination as in visual colorimetry In the photographic plate 
method the intensity of action of the emergent light on a photographic 
plate is compared with the action of light of relatively known and adjust 
able intensity under similar conditions This procedure is tedious and has 
been used in the past largely for measurements in the ultraviolet and 
infrared portions of the spectrum, where the eye is insensitive Much of 
the earlier data in the literature concerning light absorption in the* 5 ® 
regions of the spectrum is based on this method but it has been super 
seded almost entirely by the use of light-sensitive devices such as the 
photoelectric cell or its equivalent 

Light intensity is determined pliotoelectneally by using photoelectric 
cells or similar light-sensitive devices which produce an electric current m 
proportion to the intensity of light striking their active surfaces Two 
types in common use are (1) the photovoltaic cell (“plate type,” “recti 
Tier” or “barrier layer” cell) and (2) the photoemissive tube A photo- 
voltaic cell consists essentially of a metal plate coated with light-sensitive 
material (selenium, cuprous oxide) which is in turn coated with a thin 
transparent film of a metal such as gold or copper Light passing through 
the transparent film sets up a flow of electrons in one direction (“recti 
fied ) which establishes a potential difference between the two poles of 
the cell and causes a current to flow if the cell is ,n a suitable electric 
circuit Because of the electrical characteristics of photovoltaic cells the 
current is not suitable for amplification but for ordinarj light intensities 
\ ^ l ,° 1X5 re S™ tered on a microammeter or low sensiti' 
Snd ma L n> types of Photometers emploj such cefls 
ful2n^dnr e r, Ubes ° F pbototuhe,J a ra either evacuated or gas-® 1 *! 

J i appeara ? ce , t0 ra d«o tulies and containing a plate coated 
rW rnnTL f T " b,dl em,ts e, «*trons When light strikes it the 
tns,t?nf "f , t0 w r lab,C an °de under proper conditions The » 
tuC 1 «n, f l K dCn V l8ht Ums determines the flow of electrons through the 
hui ° CU .T nt ,n an exter ual circuit Tins current is vcn 

E3» IrLt y ™ pllfip d and photometers emploj mg such 
tunes usually have an amplifier circuit An advantage of phototubes »» 
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that they may be obtained with wide ultraviolet and infrared sensitivity, 
which is not the case with the photovoltaic cell. 

With photosensitive devices, change in current output is used as a 
measure of change in light intensity. If the current output is adjusted to 
an arbitrary value with the reference or blank solution in place in the 
photometer, then the transmittancy of an unknown solution is given by 
the ratio of current output for this solution as compared to that for the 
reference solution. It is assumed that the current output is strictly pro- 
portional to the light intensity; with well-designed photometers this is 
usually sufficiently true over the range of light intensity for which they 
are used. If it is not the case, there may be apparent deviation from the 
theoretical relation between transmittance and concentration as defined 
by Beer’s law (see p. 516), and such photometers are usually worthless 
for analytical purposes Since the transmittancy is measured in a photo- 
electric photometer in terms of current output rather than of actual light 
intensity, it has been proposed that in such instances the term photometric 
density be used for the value of — log T, rather than optical density. From 
a practical point of view this distinction is unimportant and will not be 
used here, but it serves to emphasize the point that the numerical value 
of the optical density for a given substance may be considerably influ- 
enced by the characteristics of the photometer used for the measurement. 

Light absorption at specific wavelengths is an intrinsic property of 
many substances, e g , hemoglobin and other colored compounds in the 
visible region of the spectrum, and many other compounds in the ultra- 
violet and infrared portions of the spectrum It may therefore be used to 
characterize such substances, just as other physical constants are so 
used, in addition to its use in photometric analysis. The extinction at a 
specified wavelength for a unit amount of a particular substance in solu- 
tion is known as the specific extinction or extinction coefficient; the amount 
is frequently defined as that present in a I-cm la 3 'er of solution containing 
1 per cent of the substance (symbolized by If the concentration is 

expressed on a molar basis, the term molar (or molecular) extinction is 
used These constants are of more value for characterizing the substance 
in terms of its optical properties than for actual use in photometric 
analysis, but if they are sufficiently reproducible they may be used for 
the latter purpose, since they define the relationship between concentra- 
tion and light absorption for the particular substance under specified 
conditions. 

Beer’s Law. The transmittance of a solution containing light-absorb- 
ing material depends upon (a) the nature of the substance, ( b ) the wave- 
length of the light, and (c) the amount of light-absorbing materia! in the 
light path, this latter depending in turn upon the concentration of sub- 
stance and the depth of solution through which the light passes. The 
relation between these various factors was first clearly established for 
colored solutions by Beer, and hence is known as Beer’s law, also as the 
Bougucr-Beer or Lambcrt-Beer law. 7 This relation may be expressed as 


* 3"or n fuller Aaranim of tlie laws of BouRuer and Beer, see Mellon’ Annljrfjra! Absorp- 
tion Spectroscopy, Now York. John Wiley A Sons, Inc., 1950. 
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follows at a given wavelength, 

Tt = 10-* ,c 

where T t is the internal transmittance, K is a constant characteristic of the 
substance, l is the length or depth of solution through which the lig 
passes, and c is the concentration of light-absorbing material T{ is dehn 
as the ratio ///<>, where I . is the radiant energy entering the sample an 
that incident upon the second surface of the cell (see Fig 12G) The equa 
tion is exponential because of the particular characteristics of hg 


Wall 


Fia 120 Schematic Diaqram Showing Deriva 
•nos or Transmittance (Ratio /,//,) 

Internal transmittance T t is the ratio ///, l is 
the length or depth of the absorbing path in the 
sample 

absorption (see texts on physics for details) , it may be converted to the 
more common loganthmic form by taking the loganthm of both sides 
as follow s 

log r, = -/ XlXc 
or 

-log T, = J X IX c 

These equations relating transmittance concentration, and depth of s°l u 
tion at a given wavelength, are the fundamental ones upon which photo* 
metric analysis is based 

As mentioned on p 512, for photometric purposes it is more practi® 
to define transmittance m relative terms i e the ratio of the (over aW 
transmittance of the solution T„ tn to that of the solvent (or reagent 
equal to T ‘ thc transmittancy T. is not precisely equal ‘ 
(7,) M u/(T,)„i„ but with end plates having a refractive index not grea 
than 1 5, the error is usuallj negligible 
Relation between Transmittance and Concentration. If th * 
transmittanccs (in practice, transmittancj T. values) of a senes of eoiu- 
tions o a particular substance in vanous known concentr**'"" 8 a 
determined, at a particular wavelength and constant depth . 

(the usual conditions in a photometne analjsis), thc resultant 
ing transmittance to concentration ma> lie plotted in any o 
diflcrtnt wa>s as shown in Fig 127 If the transmittancy 
directly against concentration on ordinary cross-section paper. 


of solution 
data relfd' 
me of f«« r 
,s plotted 
. the curve 
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of Fig. 127A is obtained To obtain a straight line rather than a curve, 
and thus permit the accurate establishment of the relationship between 
transmittanc 3 r and concentration at only one or two concentrations in- 
stead of the many required for a curve, advantage is taken of the fact 
that in accordance with Beer’s law the equation for the curve is: 

log T t = — k’ X c 

the constant depth of solution permitting the combination of l and h 
into k'. Thus if the logarithm of the transmittancy is plotted against con- 
centration (Fig 127B), or if transmittancy is plotted on the logarithmic 



Pm 127. Various Wats of Shoring Graphically the Relation bitrlfn 
Light Transmittance and Concentration iv a Photometric Proci dcri . 

A, Per cent transmittance plotted directly against concentration. B, Log per 
cent transmittance against concentration. C, Per cent transmittance against 
concentration on semilogarithmic paper. D , DcnsiU (— log transmittance, or 
2 — log per cent transmittance) against concentration. 

axis of scmilogarithmic paper (Tig. 127C), straight lines with negative 
slopes vill result. Finally, if the Beer’s law equation is written as follows: 

- log 7\ « V Xe 

and the values of — log T, plotted against c, a straight line with a positive 
slope results (Fig. 127 D). 
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Of these four mcthotls for relating trmsmitHncj to concentration, the 
last is to be preferred The quantity — log 7 , lias already l>ecn defined as 
the optical densitj , D, of the solution W here Beer’s law is applicable, the 
optical densitj is directly proportional to concentration, or 

d * r x c 

This represents the simplest possible relation lietwecn light absorption 
and concentration, and it is the major advantage obtained bj e\pres s ing 
transmittancj in terms of optical densitj rather than as per cent 

Ihe established relationship between transmittancj and concentration 
for a particular analjtical procedure is known as the calibration for that 
procedure If this relationship is shown in the form of a graph as in Fig 
127, the graph is called the calibration curve E\crj analj tical procedure 
requires a separate calibration, over a specified range of concentration 
and at a given wavelength and depth of solution, and in general the 
calibration established for one photometer is not applicable to another 
photometer, even of the same make 'I he most accurate waj to establish 
the calibration for a particular procedure, and the one which should be 
used whenever possible, is in terms of the reading of a simultaneoU-O 
prepared standard (or, m some instances, senes of standards) for that 
procedure, just as in accurate visual colonmctrj , and for the same rca s ons 
In practicallj all of the common colorimetric or photometric procedure* 
the substance being determined is subjected to a senes of reactions leading 
to the final production of a color which is used as the basis for estimation 
The manj factors aside from concentration which influence the final color 
mtensitj in most if not all colonmetnc procedures hav e been discus 1 ^ on 
p 501 in connection with colonmetnc analj sis thej arc of equal if no 
greater importance in photometrj Furthermore since photometnc mca^" 
urements are ordmanlj made individuallj and in a sense “against the 
instrument itself," rather than by companson against a standard color 
vanations in mechanical optical, and electrical properties of the photom 
etcr may likewise influence the calibration Thus the calibration for » 
particular procedure maj vary from daj to day, from one photometer to 
another, and from laboratorj to laboratorj If calibration is estabh'h^ 
m terms of the reading of a simultaneously prepared standard at the tim<? 
the analysis is earned out, the vanous factors other than concentration 
which may influence the actual readings exert the same effect on the 
standard and on the solution being analyzed, and thus do not influence 
the relative evaluation of one in terms of the other 

To calibrate a procedure in terms of the reading of a simultaneously 
prepared standard advantage is taken of the fact that optical densitj (°[ 
extinction) is directly proportional to concentration where Beer’s la* * 
applicable as it is to practicallj all photometnc procedures under the 
proper conditions Therefore for two solutions of the same substance a 
different concentrations at the same wavelength and depth of solution 
the relation between their respective densities, Z), and D s , and concentra 
tions, ci and c 4 , is as follows 

I>i _ Ci 

Di Ci 
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If one of these two solutions is a standard of Known concentration 
and the other is of unknown concentration, then if their respective 
densities are measured, the concentration of the unknown is given by the 
calculation 

. „ , Density of Unknown Concentration of 

Concentration of Unknown = Den ^ y of S 7 andard X standard 

Thus the concentration of an unknow n in a photometric procedure w hich 
shows agreement with Beer’s law may be calculated from the determined 
density and the density of a known standard, and this method of obtain- 
ing results in a photometric analysis is used where applicable for all of the 
photometric procedures described in this chapter and elsewhere in this 
book 

The calculation is obviously quite similar to that used for visual 
colonmetnc analysis with the Duboscq type colorimeter (see p 505), 
except for the direct instead of im erse proportionality between concen- 
trations and readings It is subject to the same limitations concerning the 
use of concentration rather than amount, if amount is used in the above 
equation rather than concentration, the unknown and standard must 
hav e the same total v olume, otherwise the nght-hand side of the equation 
is multiplied by Vx/V Sf where V x is the total volume of unknown and V s 
the v olume of standard To express results in terms of 100 ml of blood, per 
litei of unne, or on some other arbitrary basis, the obtained result must 
be multiplied by a factor representing the relationship between the 
actual amount of sample used and the desired basis, as for colonmetnc 
calculations 

To use this method of calculating results with photometers whose scale 
reads only in terms of per cent transmittancy, it is necessary to change 
the transmittancy value into its equivalent optical density This may be 
done using a table of loganthms, or more simply by reference to the 
accompanying table, which gives the value of the optical density for all 
\ alues of per cent transmittancy Thus m an annly sis, if the per cent trans- 
mittancy of standard and unknown are determined, readings arc con- 
verted into density v alues by reference to the table, and results calculated 
as described above If the photometer scale gives the density values 
directly, or reads in units which are proportional to density, the scale 
reading is used directly in the calculations This is obviously more con- 
v ernent, and a photometer scale of this type is to be preferred ov er one 
which is in terms of per cent transmittancy only 

Calculation of photometric results by the method described can of 
course be used only over the range of concentration where Beer’s law is 
valid, ic, where there is a linear relationship between optical density 
and concentration Tor practically all photometric procedures in common 
u c e conditions of wavelength, depth of solution, and concentration mav 
bo so selected that Beer’s law is olieyed over the range of concentration 
apt to be encountered in an analvsis It is important m describing the 
details of a procedure to define these conditions, as has l>een done for the 
photometric procedures described m this chapter and elsewhere in this 
book. 
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RblAflON BriWLLS TltASSMITTANCr (T.) AM) OPTICAL DlASITT (D) 
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On photometer* equ pped with a linear scale read ng from 0 to 100 D correspond^ 
the value of 2 — log G where G is the galvanometer or microammeter reahng relati' 
an initial se ling at the 100 mark 


to 

to 


Tor a few procedures of which the determination of blood creatinin 
by the alkaline picratc reaction (p 555) is an example it is found tha 
Beer a law is not followed under any analytical conditions In such caS 
a calibration cur\ e must be constructed and results obtained by reference 
to the cur\ e as described below for the most accurate results such a curje 
should be constructed with each senes of analy ses unless it is found to 
highlj reproducible Instances of deviation from Beer's law are f ortu 
nately very rare It is more common to find an apparent deviation 
Beer’s law when agreement is expected This is usually the fault of 
photometer In most instances agreement with Beer’s law can be 
onl> when essentially monochromatic light is used particularly " be 
photovoltaic colls with their inherent v arying spectral sensitivity ® 
used in the photometer If a wide rather than a narrow portion of tb 
spectrum is u«ed for measurement as is unfortunately the case with son* ■ 
types of photometers or if the photocell circuit is such that current oiitp" 
is not proportional to light intensity the relationship between opt**- 
density (or — log T .) and concentration will not be linear, and res 
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must be based upon a calibration curve Photometers with such character- 
istics are therefore undesirable as a basis for accurate photometric 
analysis, because they do not permit the analytical precision associated 
with the application of Beer’s law to the procedure. 

Another commonly used method for obtaining results in a photometric 
analysis is based upon the use of previously prepared graphs of the type 
shown in Fig. 127, or of tables based upon the graphical data The graph 
or table is established for a particular procedure by determining the trans- 
mittancy values for a sufficient number of solutions of known and varying 
concentration with respect to the substance being determined. In future 
analyses, the transmit tancy of the solution of substance in unknown con- 
centration is determined, and its concentration is then found from the 
graph or table, without running a standard at the same time (“color- 
imetry without standard solutions”) It is not necessary that the color 
reaction show agreement with Beer's law, since the relation between pho- 
tometer reading and concentration is established empirically; this type of 
procedure therefore finds its greatest use where for one reason or another 
theie is lack of agreement with Beer’s law. An analogous procedure in 
instances where Beer’s law is valid is to establish the density of a known 
standard and to use this value in future analyses, i e , the concentration 
of the Unknown is obtained by multiplying its determined density by a 
factor representing the established relationship betw een the standard and 
its density (see the photometric determination of hemoglobin, p. CIO, for 
examples). The extinction coefficient of a substance may also be used in 
a similar way. 

It is assumed in the use of such previously obtained calibration data 
that a particular transmittancy or density will always represent a par- 
ticular concentration in an analysis In practice this may or may not be 
true. The many factors which influence color intensity aside from concen- 
tration have already been emphasized. Even for substances such as hemo- 
globin in which the light-absorbing power is an integral property of the 
molecule itself, variations, in eo-vicownejatal conditions or in the photom- 
eter itself may influence readings Thus the use of a previously prepared 
calibration curve may be at best only an approximation, and gross errors 
are known to have resulted from its use. Colorimetry without standard 
solutions does not exist; the use of a previously prepared calibration curve 
simply represents a decision that the standard is to be prepared and read 
at one time and the unknowm at some other time and possibly under 
different conditions, rather than that standard and unknown are to lie 
prepared and read under the same conditions It may be stated without 
equivocation that the greater desirability of the latter procedure has 
never been seriously challenged. 

It is true that in some instances, as where the standard substance is 
difficult to obtain or maintain stable in solution, or the scope of the ana- 
lytical problem permits the sacrifice of accuracy to convenience, a calibra- 
tion curve may satisfy analytical requirements If such a curve is used, it 
should be constructed in one’s own laboratory using the reagents and 
photometer which will actually be employed in the analysis Calibration 
data obtained from the literature or from the manufacturer of the pho- 
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toraeter should never be used without checking and this checking mu^t 
repeated at frequent intervals if satisfactory results are to be cvpecw 
particularly if there has been a change m the reagents or photometer it 
analyses must be earned out with ngorous control of the vanous stej 
involved reproducing as far as possible the conditions under which a 
curve was constructed Only in this way can the occurrence of ccri0 ' 
errors be prevented 

Relation between Transmittancy and Wavelength The relate 
between the transmittancy (and hence the optical density) of a «oluti< 
containing light-absorbing material and the wavelength of light pas" 1 - 
through the solution is given by the so-called absorption spectrum oft 
substance The absorption spectrum is established quantitatively 
measuring the transmittancy for a particular concentration and depth 
solution at vanous wavelengths and plotting the results in the form 



Fio 128 A Keiatively Simple Absorption 
Spectrcm 

Curve b represent* a concentrat on twice as 
groat a* for curve a The dotted 1 nc in lieates the 
wavelength of maximum sensitivity for ploto- 
metric measurement 


cune relating transmittancj or optical densitj (the latter is prefer^* 
to wave-length \n example of a relative!} simple absorption spectrum' 3 
shoun m Fir 128, more eomplex runes are frequent!' found The 
sorption spectrum of a substanc c is usuallj eharactenstic of the substiu' 
and may sene for identification «*° «-n -- * «• .»imn 01 


«i«Ki serve tor identification as well as furnishing information 
?i ,f.! ,“I..i, a .”_™ C _,' ,p !' ll ' at,on ° f absorption spectra is not _Iu«$ 


to the Visible region of the spectrum but may be applied equally 
«ub^a”« '° n ultra ™> le ‘ or infrared absorption of ^ 


tionTml| P | rt '" llar ™ l,,t,lncc absorption curves at different content" 

Ilona the.™ 5 ,n “''“I* 3 but null diHer in their po«'* ", 

along the transmittancy axis (curves a and b m Tig !2S) It mil I c nf 
that for a particular substance at a given concentration there may l/C * 
It'^Mt'*i?ile U I' t ^l lle ' , | ta,J ’. 0rpt ' 0n (‘ransmittanc' less than 1 OOpcr** 
meet ral reel' '" m ** 8 1,ut t,lat ll "« absorption is rcloti'clj grcalirinso 
SreelT 1 }" others In the visible remon of the spectrum • 

difference m relative light absorption at various wavelengths is of cox'* 
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the cause of color, since w hen white light containing all wavelengths passes 
through the solution the emergent light contains a greater proportion of 
some wavelengths than of others, and hence appears colored 

\s the concentration of substance m solution is increased (Curve b 
relativ e to Curv e a) there is usually increased light absorption at all w ave- 
lengths where any light is absorbed at all but this increase is usually 
greater per unit change in concentration at some wavelengths than at 
others Thus the wav elength used may determine the relationship between 
concentration and optical density at a constant depth of solution (1 e , 
the numerical v alue of / m the Beer’s law equation), and this is frequently 
a major factor in the choice of the proper wavelength for photometric 
measurement 

Maximum sensitivity m a photometric procedure is obtained at the 
wavelength where there is the greatest change m optical density or trans 
mittancy per umt change in concentration Most often this is the wave- 
length of maximum light absorption or minimum in the transmittancy 
curve (dotted hue Tig 128) Occasionally however as for example in a 
procedure w here the transmittancy curv es for reagent and colored com 
pound ov erlap considerably the highest sensitivity may be obtained at a 
wavelength on one side of the absorption maximum Thus a knowledge of 
the absorption spectrum of both reagent and colored compound (the 
latter at two or more concentrations) is necessary for selection of the 
optimum wavelength 

Maximum sensitivity is not per se the chief consideration in the selec 
tion of the proper wavelength for photometric measurement From an 
analytical point of view the most satisfactory wavelength is the one 
winch it a given depth of solution shows agreement with Beer’s law 
over ns wide a range as possible of the concentrations apt to be encoun- 
tered in an analysis and which permits this range to be read within the 
most accurate region of the photometer scale The most accurate region 
of the scale corresponds to densities between about 0 2 and 1 0 (GO to 
10 per cent transmittancy) Readings outside this range represent solu 
tions which are either too light or too dark for the most accurate meas- 
urement thus at 95 per cent transmittancy an absolute error of 0 5 per 
cent m the transmittancy measurement corresponds to a 10 per cent error 
m an analvsis, and at the other end of the scale for dark solutions unit 
change in transmittancy represents a disproportionately large change in 
concentration The ‘sample should therefore read between the scalo limits 
specified If maximal accuracy is to be obtained. 

To fulfill these requirements in the case of the Folin Wu blood sugar 
method, for example (see p oGS) a wavelength may be selected which 
represents a very low sensitivity, so that the normal glucose standard 
representing 100 mg per cent blood sugar wall hav e a low light absorption 
This would permit reading blood sugar values well above normal which 
is the usual direction of change in this procedure under the same condi 
tions If the usual direction of change is below the normal value ns m 
hemoglobin determinations conditions are selected such that the normal 
sample has a high light absorption In general to adapt to photometric 
mcisurtment a procedure which was onginallv developed for visual 
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colorimetry ami hence may yield a more intense colo r r f= t ^^** rC 1 ^3 better 
photometric measurement, and in a larger volume of sol , w 

to modify the light absorption This may be done by selection of a » ^ 
war clength or use of a small depth of solution rather than by 
dures as taking a smaller sample or diluting the final colo > ‘ t . „f 

may seriously affect the accuracy Houevcr, the greater , 5 ' 

photometne measurement, and the possibility of usiiig uerys 
of solution, is obviously conducive to the development ofm.croanaly 
methods, of which many have been and are being developed, and tm rep- 
resents an important contribution of photometry to analytical che n U 
Other factors which may influence the choice of wavelength P 
metne measurement include the possibility that agreement with we 
law will be found to be more satisfactory o\ er a wider range of conccn 
tion at one wavelength than at another, or that the color wi 
stable when exposed to light of one wavelength than to that of ana ■ 

Even if su( h selection entails a decrease in sensitivity, the enhances 
of the analytical value of the procedure may make the wavelengti 
lessor sensitivity the one of choice If two or more light-absorbing s 
stances arc present together, and it is desired to measure the c a B 
optical density related to vanation in amount of only one of these s ^ 
stances, it is sometimes possible to select a wavelength at which tner 
only minimal light-absorption by extraneous material, and thus prev 
such material from interfering significantly in an analysis Such pno 
metric separation is rarely complete, it is usually better to effect P - 
hminary analytical separation, or to include the light absorption ir 
extraneous material in the blank solution used for the initial setting 
the photometer . - 

Knowledge of the complete spectral characteristics of a hght-absor » 
compound is of fundamental importance in defining the conditions un ^ 
which satisfactory photometric analysis is possible Wherever 
such information should be made available in the description of a ph° 
metric procedure, as has been done in many instances for the vsrJ . . 
photometric procedure s described in this chapter and elsewhere in t 
book 'I he detailed description of the spectrophotomctnc characters 
of the Kessler reaction with ammonia, given in Chapter 31, illustrates 
applicability of absorption spectrum data to photometne procedures 
Light Filters and Filter Photometers. The wavelength at v 
photometne measurements are made may he established either by 1 ^ 
use of light filters or by the production of a complete spectrum 
isolation of the desired portion Instruments based upon the first princiP 
arc known as filter photometers, those based upon the second pnncip^ 
arc i ailed spectrophotometers (sec p 531) Most types of photometers 
current u*-c arc filter photometers, though spectrophotometers arc no 
cxtensmly u«ed e\eu for routine analyses Filter photometers, howc v « 

art lens cxpriisnc than spectrophotometers require less technical ski* 
ope ration and if well designed nr e just as satisfactory for most anaiyh 
purpose particularly in the wsibh region of the spectnim Except 
iqx i ml instance* up* , trophotnmeters must ordinarily l>e used for photo 
dry m the ultrawolet and infrared portions of the spectrum 
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Light filters commonly consist of selected glass (or sometimes dyed 
gelatin) which is capable of transmitting light over a limited portion of 
the spectrum only. Thus bj' placing such a filter in the light path of the 
photometer, measurements may be made in the spectral region corre- 
sponding to the transmittance range of the filter. Various filters differ 
principally with regard to (a) the spectral region of light transmittance, 
and (6) the width of the transmitted band. By suitable selection of 
various types or combinations of glass, it is usually possible to obtain a 
filter whose transmittance is limited to almost any desired portion of 
the spectrum. A selection of such filters is illustrated in Fig. 129. Suitable 
filters may be obtained from the manufacturers of the photometer, or 
they may be constructed in the laboratory if suitable glass is available 
It is customary to designate a filter in terms of the wavelength of peak 



Fig. 129. Light Transmittance of Selected Light Filters. 
Courtesy, Rubicon Co 


transmittance, thus a filter called “No. 540” or “No. 54” has its peak 
transmittance at a wavelength of 540 m/i This practice is not universal, 
nor is the wavelength designation always accurate, and when a filter of 
any kind is used in a photometric procedure the wavelength of peak 
transmittance should be stated also If this information is not known, it 
may usuallj' be obtained from the manufacturer of the filter or glasses 
used. When the wavelength required for a particular photometric pro- 
cedure is stated in the description of the procedure, as for example, “at 
540 m/i,” tliis corresponds to the use in a filter photometer of a filter with a 
peak transmittance at this wavelength 

The most satisfactory filters are those which transmit as narrow' a 
spectral region as possible, since this represents an approach to truly 
monochromatic light. A good filter for photometric purposes will show a 
transmittance of about S5 per cent or more of the total light transmitted 
over a spectral width of 30 to 00 mji or so, centered around the wavelength 
of peak transmittance. This information concerning a filter may be ob- 
tained from its transmittance curve, as illustrated in Fig. 129. Filters 
with a broader range of transmittance arc in general unsatisfactory, be- 
cause they may result in apparent deviations from Beer’s law, as dis- 
cussed on p. 520. 

In recent years interference filters (metallic films on glass or fused 
quartz) have come into use, such as, for example, those made by Baird, 
Farrand, and others. The Farrand filters consist of c\ aporalcd thin layers 
of dielectric material between semitransparent metallic films on glass. 
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Interference filters are Fomctimee railed monochromatic film | 
of their band pass of onh 20 m» or less much narrower than the ■ 
glass or gelatin filters These filters, houcier, are not -nnnoehromat 
the sense that light of a single naiclengtl, is m “ och ™”“‘' C L “Cil 
transmit a narron range of uatelcngths rather than as g 

Interference filters ha\c a 11,D 
transmission being about 40 J*“ 
cent— more than tmee that P 0 * 1 
ble with ordinary filters of equal 
band pass . 

Representatue tjpes of 
photometers commercially a\aila& 
arc illustrated in Figs 130, 131, au 
133 Many other ty-pes are on u» 
market,* some of which arc doub 
less as satisfactory as those lUU- 

trated The Hellige “ Chromatron 

(Fig 130) is an example of the 
gle photocell ty pe of photon* e 
with built in meter, the scale 



i 130 Hellige Ciirohathon 
Photoelectric Colorimeter 
Courtesy HeU *e Inc 


which read3 linearly from 0 to 1 
and hence gnes transmittancy 
per cent This instrument is 

6ignedforuse with rectangular pj ^ 

cu\ ettes The light source is mounted in a self focusing housing andis op ^ 
ated below its rated w attage either from tw o dry cell batteries or from 
A C line through a built-m constant \oltage transformer The filters a 
mounted in a rotating disk close enough to the photocell to a\ oid inter ^ 
ence from stray light The photocell is hermetically sealed in an inert ^ 
mosphere In operation, the instrument is adjusted to a scale reading ^ 
100 with water and a suitable filter in place the water is then re P ^ 
by the solution under examination and the scale reading noted ^ 
\alue gnes the transraittancy of the sample in per cent To con ' e j ( 
transmittancy into optical density the \ alue of 2 — log R is obtain ^ 
where R is the scale reading or the table on p 520 may be used Users ^ 
this ty pe of instrument appear to prefer the calibration cun e metnoa 
obtaining results rather than calculation based upon optical densi^ 
The Hellige instrument is also available in a model (“Clinicol ) 
calibrated for a \anety of clinical procedures which are described m 
accompanying handbook » e 

The E\elyn photoelectric colorimeter (Fig 131) is likewise a 8t ^ g , 
photocell photoelectric filter photometer with uniform test tube* ^ 3 
tomanly employed as solution containers and with readings made o 


• Manufacturers of satisfactory photometers include Central Scientific Co 


Cbicsf* 

, atral Scientinc ^ - Co 

Rubicon Co Philadelphia Klett Manufacturing Co New "York Fuher Scie nl *" j„ e .. 
Httsburgh American Instrument Co « lver Springs Md Coleman Instrument ^ gC d 
Majwood 111 Hellige Inc Carden City N Y Photovolt Corp New York 1 nf thc^ 
Bauer New York Rausch and Lomb Optical Co Pochester and others Som * aitsti e 
concerna 1 ke wise manufacture fiuonmetera Information concerning various types “ 
usuallj may be secured from any laboratory supply bouse 
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sensitive gah anometer which is separated from the rest of the instrument 


The gah anometer scale is graduated linearly, 
from 0 to 100, so that readmgs here are also in 
terms of per cent transmittaney A diagram 
illustrating the schematic construction of the 
Evelyn instrument is shown in Fig 132 With 
a suitable filter in place, the reference fluid m 
a special test tube is placed in the instrument 
and the light intensity adjusted by resistance 
control until the meter reads 100 The refer- 
ence fluid is then replaced by the sample, in a 
second similar test tube, and the galvanometer 
reading noted Its value gives the per cent 
transmittancj of the sample To convert trans- 
mittancy mto optical density, the value of 
2 — log G is obtained, where G is the galva- 
nometer reading, or the table on p 520 may 
be used 



The light source is a 6- volt bulb, operated Fig 131 Evelyn Fiioto- 
from a storage battery to provide constancy of electric Colorimeter 
illumination, which is essential with all single Courtw> Rublcon Co 
cell photometers The filters used with this instrument are particularly satis- 
factory from the point of view of narrowness of spectral band, the selec- 
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tion available is shown in Fig 129 The tost tubes require a minimum o 
about G ml of solution for a reading, a microcolonmeter, requiring muc 
less fluid, is also available for use with the instrument The use of te= 
tubes as solution containers or cuvettes has the great advantage tba 
many colonmetnc procedures may be earned out partially or wholly m 
the same tube as will be used for the final reading The Evelyn te* 
tubes have dimensions such that they correspond roughly to a 2-em solo* 
tion thickness, so that the optical density for a particular concentration 
of substance will be about twice that expected at 1-cm depth, which i= 
the usual bais of reference, and which is used throughout this chapter 
This means that in the Evelyn instrument, a sensitivity and concentra 
tion range specified for 1-cm solution depth will correspond to abou 
twice the sensitivity, over the lower half of the specified concentration 
range only , higher concentrations will prov e to be too dark to read ac- 
curately This must be considered in interpreting data obtained by this 
instrument or for use with it 

The Bau-ch and Lomb “Monochromatic” Colorimeter is a single" 
photocell, direct-reading photoelectric colorimeter, equipped with narrow 
band interference filters (See p 525 ) A 6-v olt, 32-c p incandescent 
lamp operated from a constant voltage transformer, supplies the hgh 
for both the «calc and the analysis path Light from the lamp P***" 
through condensing Icnwis, then through a heat-absorbing filter, past » 
control diaphragm, through an interference filter, and then through the 
sample solution finally striking a bamer-layer photocell The current 
output of the photocell is measured by a sensitive double-suspensioa 
galvanometer, the deflection of its mirror (indicated by a floating *P ot 
light) being measured upon the translucent scale at the front of the 
colorimeter 


Ad\antages of single-photocell photometers such as the three just de- 
scribed include the simplicity of construction and the fact that reading 
are made on a direct-reading meter which does not require manual a 
justment Thus even relatively unstable colors, such as that obtained id 
the antimony tncldonde reaction for vitamin A, may be read immediately 
or at successive small time intervals for extrapolation The major disad 
vantage of the single-photocell type is the requirement for a stable hgh* 
source, to eliminate the possibility of error due to a change from the 
initial light intensity during a measurement To provide a constant cur 
rent for the light source storage batteries or constant v oltage transform- 
ers are used, the former is generally more satisfactory , since the efficiency 
of constant \ oltage regulators may depend upon the type of power supR 
available Another disadvantage of single-photocell photometers is tb3 
they usually incorporate meters deigned primarily for current measure- 
ment and not for photometric purposes with lmear graduation and 
qucntly a small total scale length which may make precise reading 
difficult Meters “hould be accurately readable to one-third of a scale divi- 
sion for example if a reading error of 1 per cent or less is expected 
one-third of the scale range I mear graduation of the scale requires the 
of lo^nthms or conversion tables to convert per cent transmitta^' 
v aluc-i into optical «hn«.tv which „ a mud, more rat .-factory i*** l ° Z 
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photometric analysis Some types of single-cell photometers are equipped 
with scales reading in terms of optical density as w ell as or rather than, 
per cent transmittancy, it is not unreasonable to hope that this practice 
will be extended 

To o\ ercome some of the disadvantages of single photocell photometers 
various types of photometers emplojang tw o photocells m a balanced 
circuit hai e been de\ eloped, of which 
the Ivlett-Summerson instrument (Fig 
133) is an example The details of con- 
struction of this instrument are shown 
in Tig 134 In operation, with a suit- 
able filtei in place the reference solu- 
tion contained in a test tube is placed 
in the path of light striking one of the 
two photocells, which are arranged in 
a potentiometric circuit so that the 
current from one cell is opposed to that 
from the other through a null point 
instrument (low sensitivity gah anom Pig 133 Ivlett-Summerson Photo- 

eter) With the photometer scale set electric Colorimeter. 

at zero (corresponding to zero optical Courtesy Klett Manufacturing Co 

density) the current output from the second photocell is adjusted so that 
it exact]} balances that coming from the photocell which is subject to the 
light emerging from the solution This balance is indicated b} a zero read 
mg on the gahanometer The reference solution is then removed and 






Fig 134 Diagrammatic Details of Ivlett-Summerson Photoelectric 

CO LORI Ml TER 


A Schematic View of the rear half of the instrument in section from aboi e 
JJ \ ie\v acro«a the line 00 m A looking toward the front of the instrument C 
W irmg diagram of the photoelectric cell circuit 1 Lamp housing S lamp S, 
light filter 4 instrument housing o compensating lenses 6 test tube 7, 
working photoelectric cell S reference photoelectric cell a metal tube 
(light shield) 10 photoelectric cell compartment housing 11 light slits in com 
pxrtments P 400-ohm potentiometer h 400-ohm fixed resistance O low 
sensiti\itj gahanometer 

Sun mrmm, J Bu> t CAfm, 130 149 (1939) 


replaced bj the solution under examination An} light absorption b> this 
solution will throw the two photocells out of electrical balance, balance is 
then restored b\ turning the potentiometer dial until the gahanometer 
agam reads zero The re ultng on the potentiometer **cnle at this point is 
the measure of the light absorption of the solution 
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The light source is a 100-watt bulb operated directly from an ordinary 
power supplv , the balanced circuit prevents fluctuations in light intensi J 
from influencing readings The instrument is designed for u c c with hgn 
filtersof relatn ely narrow spectral transmission, the selection available is 
similar to that shown in Fig 129 The test tubes require about o nil o 
solution for a reading, mierotubes requinng about 2 ml maj also be 
The test tubes ma\ be u^ed for color development as well as for reading 
and may be centrifuged if necessary The effective solution depth L- 
approximately 1 cm , so that photometnc data based on this depth o 
solution are directly applicable to the instrument "Models permitting the 
use of glass cells at other solution depths arc also av ailable 

The scale on the Summerson instrument deserves comment, because 
it is somewhat unusual It is graduated m units which are proportional to 
optical density , the actual numerical values represent the optical density 
divided by two and with the decimal point omitted Thus a scale reading 
of 250 corresponds to an optical density of 0 500, of 100, to 0 200 and *0 
on In general the relation between scale reading Jl and optical density 
D is as follows 

1000 X D _ 


Tlius the fractional values of optical density (see table on p 520) have 
been replaced by whole numbers, to facilitate use m photometnc calcula 
tions Since the scale readings bear a constant relation to optical density 
they may be u«ed directly in place of density values m the calculations ot 
photometnc analy sis 



Fig IIj Perkin Elmer Flame Photometer. 
Cottrttty P«k a Elmer Corp 


,V n ,n t crest mg recent development m filter photometrv ls the && 
photometer (Figs 133 and 130) » This was designed pnmanly to facility 
the rapid and accurate analysis of such metallic elements as sodium an 
potassiu m which have intense and characteristic flame spectra . * n 
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sample in solution is blown in the form of a fine spray into a colorless 
flame, and the intensity of the resulting flame spectrum is determined by 
the response of a photoelectric cell, as measured on a gahanometer or 
microammeter The instrument is calibrated for a particular metal b\ 
running a series of standards containing Yaryang concentrations of the 
metal ion No ashing or other preliminary preparation of the sample is 
ordinarily required, sodium and potassium determinations on blood 
plasma or serum for example require merely appropriate dilution with 
water This instrument is known to gu e excellent results, and has pro\ ed 
to be qmte a aluable in the particular analy ses for w hich it is fitted 



Fio 13 G Beckman Model B Spectrophotometer 
with Flame Fiiotomftry Attachment 

Courtesj Beckman Instruments Inc 


Spectrophotometers. In place of using light filters for isolating the 
narrow spectral region usually required for photometric analy sis a device 
for producing the complete light spectrum and isolating the desired por- 
tion may be used Instruments ba^ed upon this principle are known as 
spectrophotometers 10 In the Beckman photoelectric spectrophotometer 
(Tigs 137 and 138), the spectrum is produced by the use of a quartz 
pnsm, a diffraction grating ma\ also be u*cd, as m the Coleman instru- 
ment (rig 139) The spectral band is focused on a narrow slit mounted in 
front of the solution being examined and In shifting the band across the 
plane of the slit the desired spectral region is obtained Spectropho- 
tometers arc usualh more e\pcnsi\c than filter photometers the co^t 
increasing with increased sensittuty , spectnl range, and narrowness of 
the ‘-pettral region isolated 

** Manufacturers of rprrtropl otometer* inrlu Jo Heckman Instrument* Inr South 
Pasadena Calif Coleman instrument* In Majwood 111 and Central '^icntift Co 
Chicago Information maj »J*o be obtained from tl e larcer laborntorj aupplj houses 
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I- 1(1 137 BECKMAN l’HOTOI LFfTTIIC QuAItTZ SPLCTTIOPIIOTOIIETEK. 

A, AV avclength Beale If, built m electronic indicating meter, C, slits wi 
precision adjustment, D light source E compartment for two phototutx# * 
holder for four 10-mm absorption cells, G filter slide, //, compartmcn 
absorption cells J phototube selector, and K switch for checking dark currc 



Ho 138 bem matic Diacram or Bickmas 
bi EcrnornOTOMETFB 

A I lght B C and E mirrors I) slit F pn«>m 
G cu\ctte II phototube 
Courteny Cary and Beckman J Or* %or Am 31 C82 
0911) 



Fio 139 COLFMAN MoUEIj G\ JtMOR fepKCTRO PHOTOMETER. 
Coiirtc*y Coleman lutnimeoti Ine 
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For routine analytical purposes particularly m the visible region of the 
spectrum spectrophotometers hav e the adv antage ov er filter photometers 
of greater convenience and flexibility in choice of wav elcngth, this is off 
set to a certain extent by the increased cost as compared to filter photom 
eters of equal or greater accuracy, and by the increased technical skill 
required in operation and maintenance The wavelength setting is an 
extra adjustment connected with each analysis, variation or alteration is 
obvious.!} more like!} to occur than if a stable glass filter of suitable 
optical characteristics is used for controlling the spectral range Errors 
due to inaccurate wavelength setting may be minimized m an analysis if 
results are obtained m terms of a standard prepared and read under the 
same conditions as for the unknown but in any ev ent frequent checking 
of the accuracy of the wavelength setting is important The major use of 
spectrophotometers in photometric analjsis at the present time is in con- 
nection with substances whose light absorption is in the ultraviolet or 
infrared regions of the spectrum since no other ty pe of instrument can be 
used for this particular purpose, and for the establishment of the com- 
plete spectral characteristics of a color (1 e , the absorption spectrum) 
The Beckman quartz spectrophotometer is especially adapted to meas 
urements in the ultraviolet and has had wade application in the study of 
vitamin A, sterols hormones, etc An infrared model is also av ailable 
Choice of Photometers The choice of photometers from the many 
tyqies commercially av ailable is largely a question of the requirements of 
the individual laboratory For routine analytical purposes based upon 
established procedures, anv good type of filter photometer wall prove 
satisfactory Instruments equipped for the use of test tubes as solution 
containers are preferable to other tyqies, because of the conv enience and 
low cost of this type of cuvette, in some laboratories however measure- 
ments mav have to be made at varyang depths of solution and an instru- 
ment capable of being used with different sizes of containers will be re- 
quired If a single-photocell type instrument is desired, the stability on 
the laboratorv current should be tested before use or facilities for main- 
taining a storage battery must be available niter photometers differ 
considerably in the vndth of spectral band transmitted bv the filters sup- 
plied with the instrument, in general the narrower the band the more 
satisfactory wall be the photometer agreement with Beer’s law cannot be 
expected with filters transmitting a wade range of wavelengths For 
analytical purposes a spectrophotometer covering onlv the visible and 
neighboring portions of the spectrum is little better than a good filter 
photometer, except for the convenience of wavelength selection For 
investigational purposes the spectrophotometer should be usable in the 
ultraviolet and near infrared regions as well ns in the visible region, an 
ideal combination would include such a spectrophotometer for investiga- 
tional purposes and a good filter photometer for analv tical purpo es 
Turbidlmetry nnd Nephelometry The light transmitt met of a 
fluid is influenced not only bv the amount of light absorbing material 
present m solution but d«o bv the presence of light scattering or light- 
obstructing mate ml such as insoluble substances in suspension Quantita 
tive analv«is of substances in suspension based upon this principle is 
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known as turbidimetry or, less commonly, ncphclomctry These two 
terms are substantially equivalent, although nephelometry is usuauj 
considered to include the u«c of the intensity of scattered light ( l c > 
light at nght angles to the incident beam) as a measure of turbidity, * 
well as methods based on transmittance measurements Of the 
principles mentioned (light-scattcnng and transmittance) the latter 
more commonly used # .. 

It is to be noted that in nephelometric determinations it is not 
intensity of the light beam itself that is measured but that of the hg 

scattered at right angles (see Tig 140) Hence for low concentrations t 



1-ig 140 Klltt Nefiiflometer 
The instrument is especially constructed for 
nephelometric work providing for parallel light 
which illuminates the cups at right angles The cups 
arc made of clear glass tubing with black bottoms 
Courtesy Kl«tt Manufacturing Co 

method is said to be more sensitive, because a dark background represent 3 
zero concentration, whereas there is full illumination at zero concentr# 
tion m turtndimetnc measurements The chemical principles for P*- 0 " 
ducing turbid systems arc the same in both turbidimetry and nepne- 
lometry and the same precautions must be taken m their preparatio 
and u«e 

Turbuhmctnc measurements may be earned out by the same procedure 
and instruments used for the measurement of substances in solution, * ® » 
b> comparison against a senes of standards, by dilution, by varying tnt 
depth of solution, or by direct measurement of the light transmittan 
lran-mittam e measurement, particularly when used in instrument 
equipped with phot octet tnc cells, is the most sensitive and satisfactory 
The relationship between the amount of a substance in suspension 
the turbid it j or transmittance of the fluid is much more empirical 
for substances in solution, depending as it does not only on the amount o 
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material present but also on the size and shape of the suspended particles, 
their relative opacity' or transparency, the relation between particle size 
and the wavelength of light used, and the uniformity with which a given 
turbidity may be reproduced. For a particular procedure, however, it may 
be found that over a limited range of concentration the turbidity or trans- 
mittance is directly pioportional to concentration, and thus resembles 
optical density or extinction for substances in solution. In such an in- 
stance, turbidity measurement is carried out and results calculated in the 
same manner as for light absorption In other cases, results must be 
obtained from a calibration curve constructed from known standards; it is 
even more important here than for substances in solution that the condi- 
tions prevailing at the time the standard turbidities were obtained be 
reproduced as closely as possible in an analysis. 

If the substance in suspension is colorless in a colorless solvent, it may 
appear at first glance that the choice of wavelength or filter for photo- 
metric measurement is immaterial. This is not so, because of the influence 
of particle size on the scattering of light of different wavelengths (“Tyn- 
dall effect”). In general, light of shorter wavelength (at the blue end of the 
spectrum) is relatively' more highly scattered than light of longer wave- 
length (red end of the spectrum), therefore the change in transmittancy 
for unit change in turbidity' will be greater with short wavelengths than 
with long wavelengths Thus the sensitivity' of the procedure, or the rela- 
tionship between scale readings and turbidity', may' be considerably' in- 
fluenced by' the wavelength employed. Other considerations may' of course 
enter into the choice of wavelength; occasionally the interference of 
extraneous colored material in solution may' be minimized by* selection 
of a wavelength which is not absorbed by such material. 

Turbidimetric measurements are employed not only' for analytical 
purposes but also for the evaluation of particle size, and for determining 
the approximate number of plant or animal cells (yeast, bacteria, etc.) 
e present in a fluid; this latter has had wide application, particularly in the 
field of microbiological assay'. Turbidimetric estimation of red blood cell 
count hns not as y'et been successfully achieved. The use of turbidimetric 
methods in analytical chemistry' has not been great, largely' because of 
the difficulty' of achieving a reproducible turbidity for a given concen- 
tration. Use has sometimes been made of a protective colloid to stabilize 
suspensions and promote uniformity'; unfortunately', protective colloids 
usually' distort the relationship between turbidity and concentration in 
such a way as to require a calibration curve which is highly empirical, 
and their use cannot be said to have solved the problems of turbidimetric 
analysis. 

Fluorimetry. Certain substances arc capable of absorbing light at one 
wavelength and radiating a portion of tins absorbed light at some other 
wavelength. This phenomenon is known as fluorescence and may be uswl 
for analytical purposes, the intensity* of fluorescence sen ing as a measure 
of concentration Instruments designed for this purpose are known as 
fiuorimeters. The fluorescence of the unknown may be compared visually 
against a standard or scries of standards, or the intensity of the fluorescent 
light may be measured directly, using a light-sensitive device such as a 
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photoelectric cell riuonmctcrs utilizing the latter principle are illustrated 
in Fig« 141 — 143 

'flie exciting light is usually m the ultraviolet portion of the «pectrura 
general!} between 300 and 400 mu, and the radiated light is usuall} in e 




Fig 141 FLeoaoriioTOMirrEE Model B 

Courtesy Pfxlti A. Bsner I nr 



Fjg 142 Klett Fllorimetee. 
C«nrt«.y KUtt Manolacttmoc Co 


2 region, but the applications of fluoresi ence are not limited to the** 
lions Since the intensitj of fluorescence is determined not on!> 
factors which affect light absorption (concentration depth of 60 
wavelength) hut also bj the internal} of the exciting light, meal**’ 
s must lie made at a uniform or controlled incident light intend* 




538 


Practical Physiological Chemistry 


Chap 23 


may be obtained from the instructor or from the manual usually supplied by 
the manufacturer of the instrument ) Is it a filter photometer or a spectro- 
photometer? Note particularly the type of scale used, and whether it is gradu- 
ated in terms of per cent transmlttancy, optical density, or units propor- 
tional to optical density Place some distilled water In a photometer curette 2 * * * * * * * * 11 
and insert the cmette in the instrument Select any particular filter or 
w avelength setting, turn on the light, and adjust the photometer to its initial 
setting, which will represent either zero optical density or 100 per cent trans- 
mlttancy — which is used? Now remove the cuvette from the light path Does 
the adjustment change? Replace the cuvette Does the reading return to its 
initial value? If it does not, allow the light to burn for about 5 minutes, reset 
to zero (or 100) and repeat the test of stabiht> Is there anv increase In stabil- 
ity after the light has been on a short while? Why is it necessary for photom 
eter readings to be based on a constant initial setting? 

2 Deer's leu Obtain some defibnnated or oxalated blood Dilute 1 mi of 
this to 100 m) in a volumetric flask with dilute ammonia solution (4 ml 
of concentrated ammonium hydroxide per liter of water) Mix well by in- 
version Prepare a series of known dilutions of this “stock standard" as fob 

lows into test tubes place 0 0, 1 0, 2 0, 3 0, etc , up to 10 0 ml portions of tb* 

stock solution, and add sufficient dilute ammonia solution to each tube to 

make the final volume 10 ml in each case Mix Using light of 520 wave- 

length, adjust the photometer to zero optical density (or 100 per cent tran* ^ 

mlttance) with the contents of the first tube, which is a “reagent blank ” 

Determine the photometer readings for each of the other solutions, checking 

the initial setting with the blank solution once or twice during the series of 

readings, If any change has occurred reset the photometer before continuing 

with the readings 
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using? What must be done in a photometric anal} sis if (a) the procedure does 
not obey Beer’s law, or (I>) a reading falls outside the range of application of 
Beer’s law? 

3. Relation between Transmittancy and Wavelength. Repeat Exp. 2, but 
use a wavelength in (a) the blue portion of the spectrum, and (6) the red por- 
tion. Plot the results graphically for each wavelength used, and compare with 
the results of Exp. 2. How may the wavelength chosen influence the sensi- 
tivity of a photometric procedure? What is the indication on jour graphs of 
the sensitivitj of this particular procedure? Suppose hemoglobin were a con- 
taminant of a solution, instead of the substance being measured; at what 
wavelength would its presence cause the least error? 

4. Relation between Transmittancy and Depth of Solution. Repeat Exp. 2, 
but make measurements at some other depth of solution, if such facilities 
are available. If not, compute the theoretical reading for each concentration 
at a depth of solution twice that used in Exp. 2. Plot the data graphicallj 
and compare with the previous results. What is the effect of solution depth 
on the transmittanc} value for a given concentration? How maj this be 
used to increase the sensitivity of a photometric procedure? 

5. Correcting for a Blank Color. Set up the aliquots of 1 100 hemoglobin 
stock solution used in Exp. 2 (up to 9 ml.) but before diluting to 10 ml. with 
dilute ammonia solution, add to each tube 0.5 ml of a dilute ammonia solu- 
tion to which a few drops of blood have been added, sufficient to give a notice- 
able pink color. Thus each solution now contains a relativelj known amount 
of hemoglobin, plus a constant blank color. Adjust the photometer to its 
initial setting with the blank tube, and read the other solutions relative to 
this, as before. Plot the data as described for Exp. 2. Does the presence of a 
constant blank color influence the photometric calibration. If the photom- 
eter is set to Its initial reading with the blank solution? Since optical den- 
sity is additive — l.e., the total optical densit} of a solution is the sum of the 
densities due to the various light-absorbing substances present — what other 
way can jou suggest of correcting for the densit} of a blank? 

6. Effect of Time of Standing on Transmittancy. Obtain some deflbrinated 
blood, and dilute 0.1 ml. to 25 ml. with 0.1 N hvdrochloric acid. Mix b> in- 
version, transfer a portion to a photometer cuvette, and read immedlatelj, 
the photometer having been previousl} set to zero optical densit} at 520 mp 
with the dilute acid alone. Repeat the reading on this same sample at suitable 
time intervals, sa> everj five minutes, for one hour or until the reading be- 
comes constant. Be sure to check the initial setting of the photometer before 
each reading. Plot the relationship between time of standing and photometer 
reading. Man} of the colors produced In common photometric procedures 
show a similar behavior with respect to time of standing, ft hat does this ex- 
periment show concerning the desirabilit} of time control in photometric 
anal} sis? 

7. Calibration of Test Tubes Used as Ctncttes. Man} t>pes of photometers 
are designed to use interchangeable test tubes of uniform dimensions as solu- 
tion containers or cuvettes. If the tubes are trulj interchangeable, thev 
should all give the same reading for n given colored solution, and the} maj 
be tested on this basis. Prepare a stable colored solution of such intenvitv 
that it shows b} trial a reading about fn the middle of the photometer scale. 
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A dilute .olut.cn o( hemoglobin, a, de.clbed lu 

be used , an equall, satisfactory test solution may be made by diluting^ ^ 
nary India ink with water to a suitable int « rW * t > ^ a *hf*° hotom eter, using 
solution In each of the test tubes, and read them In « he 1* lnK „al, 

water (or the Initial setting and checking this •*•**"* . readings, ^ 

Select all those tube, which give Identical or nearly .Identical reading. ^ 
discard the remainder Sometimes two lots of tubes may , tk „!ar 
reading, for each lot center, ng with the desired accuracy a round la partl^^ 
reading, but a different reading in each case Each ot may ^ mljetJ It is 
pendentlv, but they should be marked so that the lots will ho , 0 m 

also well to mark the tube, so that they will always ’’t? 1 *”* 
eter In the same position Test tubes calibrated In this > ^ coo 

for photometric purposes a. rectangular cuvettes, when 

venlent A tube should be discarded when It become, scratched, or 
checking shows it to have lost its interchangeability. 

GENERAL PROCEDURES IN BLOOD ANALYSIS 
Drawing Blood for Analysis. Except when analytical methods 1*^ 
mit the use of a few drops of blood (drawn from the finger P, < 
car lobe), samples of blood ate usually obtained by venipuncture 

Procedure Draw a tourniquet (of soft, firm rubber tubing or a *“* , ’ tbt 
bandage) tightly about the arm of the patient a couple of Inches a 
elbow Have the patient clench his Us! firmly Wash the skin »“'**, th e 
the most prominent vein nn the Inner surface ot ,he „l,,le 
median bas.l.c) with 70 per cent alcohol, allow to dry, hold the velnim 
with the thumb, and Into the ve.n insert a sharp, sterile hypodermic 
(No 18, an Inch and a half long) which 1, attached to a dry' sterile syv » >( 
suitable capacity The needle should penetrate the vein from the s 0 f 

an angle of about 50’ with the surface of the arm, the bevel or ope 
the needle being kept upward or to the side As soon as hlood Is seen fcaJ 
the syringe, retract the plunger slowly until the desired amount of the 

entered the syringe Before removing the needle from the vein, loo* ^ 

tourniquet, have the patient unclench his fist, and on the skin at t > ^ 

of entrance of the needle hold m place a small pad of folded gauze tno * 
with 70 per cent alcohol Withdraw the needle, detach It from the syr* ^ 
and into a suitable container eject the blood from the syringe (n ^ # 
vigorously, which might cause hemolysis) Pressure on the gauze pa 
few minutes will effectively prevent bleeding from the skin puncture 


The use of a synngc is not essential, the needle alone may ^ ,| e 

The blood is allowed to flow from the free end of the needle mtoa sui 
container until the desired amount has been obtained The needle ^ 
withdrawn as described abo\ e For special precautions to be un - 
drawing blood where the maintenance of physiological gas tensions ^ 
portant, as in the determination of carbon dioxide content, © ’ 

Chapter 24 Mood 

Preparation of Whole Blood and of Plasma. When whole 
or plasma is desired for analysis the blood mast be treated wit 
coagulant bef ore clotting commences The most com enient way to n {j_ 
is to ha\c containers for the blood already prepared with sufficien 
coagulant in the form of a thin dned film o\er the inside surface ( 
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low) The thin film promotes quick solubility and mixing with the added 
blood Test tubes or small wide-mouth bottles of approximately 1-ounce 
capacity may be used as containers 

Procedtire Transfer the blood, as quickly as possible after drawing, from 
the syringe to a container which has sufficient anticoagulant in the form of a 
thin dried film to prevent clotting of the blood Mix by rotation gently but 
thoroughly’ to dissolve and distribute the anticoagulant The blood is now 
ready for use To obtain plasma, centrifuge and remove the supernatant 
plasma with a rubber-bulb pipet 

Blood specimens are best taken in the morning before breakfast, to 
minimize the influence of food ingestion Analyses are preferably made as 
soon as possible after the blood is drawn, during any interial between 
drawing and analysis, the blood should be kept cold and well stoppered to 
minimize e\ aporation For blood sugar analyses m particular, the protein- 
free filtrate should be prepared as soon as possible, to minimize loss of 
sugar by glycolysis 12 Protein free filtrates will keep better than whole 
blood or plasma, particularly if kept cold and in the presence of a drop of 
toluene as preservative 

Anticoagulants. The most commonly used anticoagulant is neu- 
tral potassium oxalate, of which from 1 to 2 mg are required per ml of 
blood Only an amount of anticoagulant sufficient for the quantity of 
blood to be receded should be employed, excessive amounts of anti- 
coagulant may interfere with some analy ses, cause hemolysis, or produce 
an abnormal distribution of water and electrolytes between cells and 
plasma 

Procedure To prepare containers with sufficient potassium oxalate for 6 to 
10 ml of blood, prepare a stock solution of 10 per cent neutral potassium 
oxalate and pipet 0 1 ml of this Into each container Rotate to produce 
maximal spreading, then place in an incubator (or oven at 100° G ) to dry 
The oxalate should form a thin dry film on the sides of the container For 
smaller quantities of blood* use half as much stock solution It is good 
practice to have two sets of containers, suitably labeled, one for 3 to 5 ml 
of blood, and one for 6 to 10 ml of blood 

Other anticoagulants, and the amounts required per ml of blood 
include sodium citrate (5 mg ), lithium or sodium oxalate (1 to 2 mg ), 
sodium fluonde (10 mg ), and heparin (0 2 mg ) Containers may be 
prepared with the proper amounts of these anticoagulants m a manner 
similar to that described abo\c for potassium oxalate Of the \anous 
anticoagulants, hepann is by far the most satisf ictory and should be more 
widely used Sodium fluoride acts as a prescnatiyc 11 and has the ad\an- 
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i-icc of inhibiting gh col} tic decomposition of blood sugar, but interferes 
Sitam mctLds A special mixture (Heller and . 

oxalate (3 parti,) and potassium oxala e (2 parts) has the a ^ 

of causing no change in red cell volume, and hence “ “ t 

hematoent determinations and for methods involving the na 
of specific gravity of whole blood or plasma It cannot be used in ord.n D 
blood analytical procedures because of the presence of a ™ mon .V* . 0 ( 

Preparation of Blood Serum for Analysis. In the collection 
blood for scrum, care must be taken to avoid trauma and hemolysis 

Procedure When serum rather than whole blood or plasma is d esir ^ ou , 
analysis, place the freshly drawn blood directly Into a small test tu c j 

anticoagulant Allow to clot at room temperat ure 
then chill thoroughly In the refrigerator Centrt 
down the clot and remove the supernatant serum 
a rubber bulb pipet 

If a tentnfugc is not available, the blood 
allowed to clot with the tube in a slanting P osl j ’ 
then after chilling o\ermght in an upright P 0<5 * 
the serum may be poured off from the side o 
tube opposite the slanting clot j 

Measurement of Blood. Because of its pnj ^ 
characteristics and the presence of suspended 
cells, whole blood is much more difficult to roei T e 
exactly than ordinary fluids Senous errl ? r l. f orC 
been traced to faulty measurement of blood Be ^ 
measurement, the sample must be thoroughly 111 
to ensure uniform distribution of cells and P* 35 

Procedure To mix whole blood without trapping 1 
hubbies, if the sample is In a test tube use a 8 ^ 
footed stirring rod which is raised and lowered n 
sample a sufficient number of times to ensure c 
plete mixing If the sample Is in a wide flat 0 ^ 
place the bottle firmly on the table top and vigoro 
trace a 1 foot circle with the bottle flat afiain * b)0O d 
table top, for at least a dozen times or until the . 
is uniformly mixed Measure out the portion of ^ 
immediately after mixing, and repeat the mixing V 
cedure befnrp mrh n.v ,,r~mer,t . .. 
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and there is no visible film of blood remaining behind. When the blood has 
drained completely, blow out the last drop into the receiver. 15 


Ordinary pipcts may be used for blood measurement, with slight error 


due to the fact that they are usually calibrated for 
the delivery of water rather than blood. Pipets cali- 
brated “to contain” (“TC”), such as are commonly 
used in microanalyses, are not subject to this error, 
since they are designed for delivery of the blood into 
a second fluid, the resulting mixture then being used 
to rinse out any blood remaining in the pipet. Folm 
proposed the use of the Ostwald type pipet (Fig 
144), which has less surface per unit volume than 
the ordinary pipet, and no sharp shoulders to im- 
pede drainage, and these ha\ e found favor in many 
laboratories Where the amount of blood available 
is limited and it is desired to use as much as possi- 
ble, a pipet graduated to the tip is useful (Fig 145) . 
In using this type of pipet, the greatest error is at 
the tip, particularly when the tip is imperfect, and 
if possible the measurement should exclude this por- 
tion (i.e., for a o-ml. portion, measure from the 6-ml. 
mark to the 1-ml. mark). In general, the most accu- 
rate method of measurement is by careful drain- 
age between tw o accurately established graduation 
marks. Volumetric pipets constructed on this prin- 
ciple are not generally available; ordinary gradu- 
ated pipets should be used in this manner whenever 
possible. 



Fio 145 Diluting 
Pipet. 

Courier, Folm and Wu 
J Biol Chem , 38, 81 (1010) 


PREPARATION OF THE PROTEIN-FREE BLOOD FILTRATE 
Method of Folin and Wu. 16 Principle. The proteins of whole blood, 
plasma, or serum are removed by precipitation with tungstic acid (formed 
by the interaction of sodium tungstate and sulfuric acid) and filtration. 
The filtrate is suitable for the determination of the following: nonprotein 
nitrogen, urea, uric acid, creatine and creatinine, sugar, amino acids, 
and chlorides Sufficient filtrate for one or two determinations is provided 
by 2 ml. of blood; for all the determinations, about 10 ml. of blood are 
needed. 


Procedure. 11 Transfer a measured quantity of blood to a flask haring a 
capacity at least 15 times that of the volume taken. For each volume (A ml.) 
of blood taken, add from a buret exactly 7 xolumes (7 X A ml.) of water and 

^ 11 This is for transfer pipets which are calibrated for blowout deli\er>. Such pipets are 

t commonh market! by the manufacturer with an etched ring around the pipet near or at 

l the top If the pipet is calibrated for drainage delis erj. allow to dram for 1 minute wuh 

) the tip of the pipet touching the wall of the recen er 1 or graduated pipets, allow the blood 
to run out either to the desired graduation mark, or to the lip if the pipet is graduated to 
the tip. 

" Folm and Wu J. Jtiet Chrm . 3*. SI (1919). 

t 11 Ileagrnts Required. Sodium lungtiatr 10 Per Cent Solution. Dissolve 100 g of reagent* 
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mix. Add 1 volume (A ml.) of 10 per cent sodium tungstate solution, and 
Finally add slowly and with shaking 1 volume (A ml.) of two-thir s no 
sulfuric acid. Stopper the flask and shake it. Only a few' bubbles shou 0 
as a result of this shaking if all the proteins have been precipitate . ^ 
stand for 10 minutes. The color of the mixture should change from r * ^ 
dark brown. If this change in color does not occur, the coagulation is m ^ 
plete, usualH because too much oxalate is present. In such an emergency ^ 
sample may be saved by adding 10 per cent sulfuric acid, drop bj drop 
shaking, until there Is no foaming and until the dark brown color has 
Pour the mixture on a dry folded filter large enough to hold it ail - • 
the funnel with a watch glass to minimize evaporation. Collect the 
in a clean dry container. If the first few drops of filtrate are not abso o ^ 
clear, return this portion to the funnel and replace the receiver with 3 r 
one. Allow to filter until as much filtrate as possible has been obta or ^ 

For plasma or serum the procedure is similar except that 8 volum 
water and only 14 volume of both tungstate and acid are used. 

The following modifications of the Tolm-Wu precipitation empl°. 
fewer solutions and yield more filtrate. 


lladen's •* Modification. Add directly to the blood from a buret, 8 vo o ^ 
of N/12 sulfuric acid. 11 Laklng and darkening occur rapidly. Add 1 vo u 
of 10 per cent sodium tungstate, shake well, and filter, as above. 

Van Slyke and Hankins’** Modification. Add directly to the blood, 9 ^ 
umes of a mixture of 8 parts N/12 sulfuric acid and one part 10 P" * 
sodium tungstate. Shake and filter, as above The precipitating » 0 ‘ ot 
should be clear and not more than two weeks old. 

Blood filtrates prepared by any of the above methods represent a 1 l , 
dilution of the sample; that is, 1 ml of filtrate corresponds to 0 1 h" 
original material Since any error in measurement of the added 
will produce a corresponding error in calculations, which are based up? 
the assumption of an exact 1.10 dilution, all measurements must be 
carefully, preferably by the u«e of calibrated pipets or burets | 

The protein-free filtrates are not acid enough to pre\ ent bacte 
decomposition If the filtrates are to be kept more than about 12 h° 
a few drops of toluene or xylene should be added For optimum pre<ap^ ^ 
tion of protein, the filtrate should not be more alkaline than pH 2 
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drop of 0 04 per cent bromophenol blue added to a few drops of filtrate on 
a test plate should gi\c a yellow or greenish-yellow color, alkalinity being 
denoted by a pure blue shade 

Other Methods of Oeproteinization. Although tungstic acid fil- 
trates prepared as described above are the most satisfactory for general 
purposes, many other reagents have been used for the deproteimzation of 
blood and other biological fluids Examples of the use of certain of these 
(zinc and copper hydroxides, trichloroacetic acid, etc ) will be found 
subsequently in this chapter In most cases they are employed in par- 
ticular analytical techniques in which tungstic acid filtrates have been 
found unsatisfactory for one reason or another Hiller and Van Slyke” 
have reported on the comparative value of a number of common protein 
precipitants Benedict and Newton** recommend the use of tungsto- 
molybdic acid in place of tungstic acid for the preparation of blood 
filtrates, not only for general purposes but also specifically for the deter 
minntion of blood ergothioneme, for which tungstic acid filtrates are 
unsatisfactory 

DETERMINATION OF NONPROTEIN NITROGEN 

Introduction. The nonprotein nitrogen (NPN) of the blood is a 
collective concept and includes the nitrogen from all of the nonprotem 
nitrogenous constituents of blood which are found m a protein-free fil- 
trate, such as urea, unc acid, creatine and creatinine ammo acids gluta- 
thione, and many others in small amount, some of which are of unknown 
nature Of these various substances, the compound urea contributes by r 
far the largest share to the total, urea nitrogen representing ordinarily 
about 45 per cent of the blood NPN The nonprotem nitrogen content of 
blood is usually determined by various micro modifications of the stand- 
ard Kjeldahl method for the determination of total mtrogen (see Chapter 
31) 

1 Method of Foltn and IVu ** Prtnctple Nitrogen is determined in a portion of 
the protein free blood filtrate bj a micro-Kjeldahl method using a sulfuric and phos 
phone acid mixture for the digestion, the ammonia formed being determined colon 
metrically after direct nesslenzation of the digestion mixture 

Procedure * s Transfer 5 ml of blood filtrate to a large test tube (pyrex) 
200 mm X 25 mm , graduated at 35 ml and 50 ml The test tube should 
cither be dry or rinsed with alcohol to reduce the danger of bumping Add 
1 ml of diluted acid mixture and a quartz pebble Boll vigorously oicr a 

,s Hiller nnd V on Sljke J Biol Chem 53 253 (1922) 

** Benedict and Newton J Biol Chem 83 35“ (1929) 

*' rolinnndVVu J Biol Chem 38 Sl{1919) For a gasometnc method see Van Sljke 
J Biol Chem 71 235 (19*7) 

14 Reagent* Required Diluted And 1 future Made by diluting regular acid mixture 
with an equal volume of water To prepare regular acid mixture add 300 tnl of 85 per 
cent phosphoric acid reagent grade to 50 ml of a 5 per cent copper sulfate solution Add 
100 ml of reagent-grade concentrated sulfuric acid and mir Keep well stoppered to prevent 
absorption of ammonia from the air 

V«»fer s Solution ^eo Appendix. 

Standard Ammonium Sul fait Solution Dissolve exactlj 0.231 g of reagent-grade am 
mot ium sulfate in water trai sfer quantitativolj to a 1 liter volumetric flask with nn»ings 
ad 1 a few drop* of concentrated eulfunc acid make up to volume with water nnd mix This 



550 


Practical Phtsiolouiul CiiFiusTitr 


Cbp 23 


Add 2 drops of acetate buffer solution and either 1 ml of urease solutio ^ 
pared the same day) or a piece of urease paper Insert a cork and then * 
let stand at room temperature for 25 minutes or Immerse for 10 
700 ml of water, haring an initial temperature of about 45° C Longer 
tlon docs no harm If urease paper is used the tube must be shaken occa 
ally during the digestion period Cool the tube If warm and add an ant 
Ing tube, 2 drops of antifoaming oil mixture, and 2 ml of saturate ^ 
solution Connect at once with the delivery tube and a test tube rec 



Fia 140 Microiiistillation Apparatus for Urea 
Determination 

SvSb^rg) ltlhUnlPmE tUbC mS ‘ de Tubc A (Folln and 

f r J? I **, 25 5” 1 a * 8hown In FI * 146 The receiver contains 1 
acid and lml of water Fa.»<» n *.»>«> . . ._j„*« T tthe 


«r?d IV 3 r” a * “ hOWn In FI * 146 receiver contains 1 ml «* * * 

filiation °! FS *“ ten the bo,lin 2 in a clamp and start tb* 

shield to tvrp * he flame of a mleroburner, preferably surrounde 

contend 111 f l !f t “f tlon of the *»rne due to air currents As soon ** 

# v. t?« a . nearl y boiling, reduce the flame partially so that the flrst m w “„, 

another & Tu b ° U WM* forabout three minutes «**•* 

another minute with the delivery tube sli ghtly raised from thesurf^ 

1 liter vol u j ammonium sulfate in water transfer with 
water and mu This solution '* dropaof concentrated sulfuric acid dilute to vo . -fioitd' 
To prepare the dTte* E* ** 1“ 5 ml and « »*•“? 'SSSZ* ‘ 

100 ml with water TV... „i f uaed ,n the procedure dilute 5 ml of stock gt p »rf 
JShlllr lu, '” n »>■<■! mtro„„ m 10 ml » ** 
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liquid in the receiver To another test tube like the receiver, transfer 10 ml 
of standard ammonium sulfate solution {containing 0 1 mg of N), and 1 ml 
of 0 1 N acid Dilute both to a volume of about 20 ml , ,s add 2 5 ml of Nessler 
solution, dilute to the mark, mix and make the color comparison, using 
either a colorimeter or a photometer For photometric measurement, prepare 
a blank tube containing 1 ml of 0 1 N acid, water to about 20 ml , add 2 5 mi 
of Nessler solution, dilute to 25 ml and mix Set the photometer to zero 
densitj with the blank, and determine the densities of standard and un- 
knowns as described for the determination of nonprotein nitrogen on p 547 


Calculation For colorimetric measurement 


Beading of Standard 
Beading of Unknown 


= mg urea IS per 100 ml blood 


The standard is satisfactorj for blood values between 8 and 40 mg per cent For 
higher values repeat the determination w ith less filtrate plus water 


For photometric measurement 


Dcnsit> of Unknown _ 100 

Densitj of Standard 0 5 


= mg urea N per 100 ml blood 


Under the photometric conditions specified on p 547, the standard has a densitj of 
roughlj 0 300 Up to 60 mg per cent blood urea N may be measured satisfactorily 
For higher values or with cut ettes of greater depth than 1 cm the analysis is carried 
out on less filtrate plus « ater and the calculations corrected accordingly 

For separation of ammonia by aeration rather than distillation see the next pro 
cedure 


Interpretation. Normally, the urea nitrogen of whole blood vanes 
between 10 and 15 mg per 100 ml On a restneted hospital diet, however 
v allies below 20 mg should not be regarded as abnormal In early nephri- 
tis the urea nitrogen may nse to 30 or 40 mg , but in the terminal stages 
of chronic nephritis and in some cases of acute nephntis marked urea re- 
tention may occur High values may also be found in other conditions 
associated with damaged renal function, such as mercury bichloride poi- 
soning, double polycystic kidney, intestinal obstruction, prostatic ob- 
struction (m which case the urea N constitutes a valuable guide to surgical 
risk), lead poisoning certain infections, cardiac failure, and so on Rela- 
tively low figures for urea nitrogen are found in nephrosis (nonhemor- 
rhagic nephritis with edema), which is probably of metabolic rather than 
renal origin 

The blood urea concentration has greater significance when interpreted 
with relation to urea excretion, as in the urea clearance test (Chapter 
31) 


2 Method of Van Sl}ke and Cullen *• Principle Whole blood is treated with 
Urease under optimal conditions for contersion of the urea to ammonium carbonate 
The mixture is then made alkaline with potassium carbonate and aerated In the 


11 In the oriRitial procedure of Fohn and Siedberg 1 ml of (turn ghatti solution (see Ap- 
pen in) is a Idcd at tl m point Thu is ordinarilj not necessary and its use should be »ioi led 
if poisil le ninc-e it decrca-es color intenniti and altera the relationship between rt lor fnten 
»it\ and concentration If u«ed it mint be added to both atan lard an I unknown 
" Van «l>kr and Cullen J Bui Chem 11.311(1014) Jl 11? (I91f) 
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microburner until the characteristic dense fumes bcCln to Bll the«t> 
will happen in from 3 to 7 minutes, depending on the size of the n d 

the test tube is nearK full of fumes reduce the flame sharply so that i ^ 
of the boiling Is reduced almost to the vanishing point Cover the ^ 
the test tube with a watch glass Continue the gentle heating or 
counting from the time the test tube became filled with fumes I c0 „ 
tion Is not visibly finished at the end of 2 minutes the heating mus 
tinued until the solution is nearly colorless At the end of 2 minutes 
the flame and allow the digestion mixture to cool for 70 to 90 secon yrt 
add 15 to 25 ml of water Cool further approximately to room temp 
and then fill with water to about 1 cm under the 35 ml mark Set 38 c0 jjf 
the standard is ready, since in this determination it Is important t ne3J \i 
development be carried out in both unknown and standard under as 
identical conditions as possible reci eot 

A standard suitable for either colorimetric or photometric measu ^ 
is prepared as follows transfer 3 mi of a standard solution of a * nin 
sulfate, containing 0 15 mg of nitrogen, to a graduated tube simi ar ^ 
used for the blood filtrate, add 1 ml of the diluted phosphor c s 
acid mixture, to balance the acidity of the unknown, and dilute w t 
to about lem under the 35 ml mark For photometric measurement 
or blank tube is required, containing 1 ml of diluted acid mixture 
made up with water as described for unknown and standard 

When all the tubes are ready, nesslerize each individually a* t j, e 
measure out IS ml of Nessler r s solution in a graduated cylinder, 8 oJ 
tube contents in motion by gentle rotatory shaking, and in one con * ^ 

motion pour the Nessler solution into the tube Do not wait for the p} 
solution to drain completely from the cylinder, since the exact amo {0 
Nessler solution Is relatively unimportant, but Immediately add ^ 
the tube contents up to the 50 ml mark, insert a clean rubber • top J’T{ 0 j n j 
mix by inversion Proceed immediately to the nesslenzation of the rem ^ 
solutions in a similar manner Allow the solutions to stand 10 nAn9 \ 
adding the Nessler reagent and mixing, to permit maximum color ° ^ 

ment, and read within the next 10 minutes or so Prolonged standing ^ 
lead to the development of a turbidity which renders the color comP^ 
difficult or even worthless ** Occasionally a turbidity is present beto 0 { 
slerizatlon, due to the action of the acid digestion mixture on the 8 tfjf 
the tube This turbidity can be removed by centrifuging a portion 
colored solution before color comparison If s* 

For colorimetric measurement, match the standard against i 
20 mm in the usual way, and then compare the unknowns aga n of eJ 
standard For photometric measurement, transfer portions of the pjjo- 
solutions to suitable containers and determine the densities In t ^ 


solution u stable indefinitely and contains 0 05 mg of nitrogen per ml Dr) the aroB1 
* e ,. *° re wei Rking it out b> heating in an oven overnight at 100° C 

. n “ mtrogen analjsea involving the determination of small amounts of a . ^ppt f( <r 
punt > ammonia free reagents may be used and solutions must font3 in--* 
prevent , the absorption of ammonia from the air Distilled water tlJ# jof 
, be uv ‘ d to fr ee it from ammonia redistil m the presence «* * u yyfT 
. ,n an all-glass still and protect the distillate from exposure to or 

n C'x , ii * V, Bp w “taming dilute sulfuric acid . re*® 1 ?’. 

» , 0,1 “II solutions in cold water for 10 minutes prior to adding the «,*» si 

^mmended to t revent tl e formation of turbidity before read "* 
onVnn.. 1 " r 'f a few drops of 2 per rent gum ghattl solution («ee Appendix) * OT jnr r ‘‘^ 
. * ***** before nesslenzation Tl e use of gurn ghattl solution is “ ot r 

1 ™tely necessary for further discussion see footnote 35 p Sol 
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:ometer at 480 to 540 (see below), setting the photometer to zero density 
;i00 per cent transmittance) with the blank 

Calculation For colorimetric measurement 


Reading of Standard 
Reading of Unknou n 


X 0 15 X -Q-j: = mg of NPN per 100 ml of blood 


The standard indicated is satisfactory for the range of 15 to 60 mg per cent blood 
NPN For amounts outside this range repeat the anal} sis using less or more filtrate 
as necessary, and correct the calculations accordingl} 


For photometric measurement 


Density of Unknown 
Density of Standard 


X 0 15 X -q-z - mg of NPN per 100 ml of blood 


The spectrophotometnc characteristics of the Nessler reaction with ammonia arc 
illustrated m Fig 240 p 879 For the amounts of nitrogen which are concerned here 
satisfactory agreement with Beer's law is found with any filter or wavelength setting 
between 480 and 540 m*i the choice depending largely upon the sensitivit} desired 
In a 1 cm cuvette at 480 mp the density of the standard prepared as described abo\c 
is approximately 0250 This means that up to about 120 mg per cent blood non- 
protein nitrogen may be accurately determined under these conditions For higher 
\ allies or yvith deeper cuvettes where the range is proportionately reduced use less 
filtrate for the analysis and correct the calculations accordingly 


Interpretation. 27 The nonprotein nitrogen content of normal blood 
ranges from 25 to 35 mg per 100 ml Variations in blood NPN content 
aio ordinarily due largely to vanations in urea content Increased values 
for nonprotein nitrogen are observed in nephritis, more especially in the 
chronic types and in terminal stages, where they may ha\e prognostic 
significance, although uremic symptoms may develop without marked 
elevation of nonprotem nitrogen The direction of change will impart 
greater information than the magnitude of an isolated determination 
In regard to the choice of determining either the nonprotein or the urea 
N as a clinical test of renal function, the advantages seem to be in favor 
of the latter, for the following reasons urea covers a relatively wader 
ringc of variation in disease, it is a single chemical compound rather 
than a mixture of partly undetermined composition, it is simple to deter- 
mine clinically, especially if direct nesslenzation of the Tolm-Wu filtrate 
is employed It is of interest, however, that the urea fraction of the non- 
protein nitrogen, which usually rises in renal disease, shows subnormal 
values in eases of eclampsia, suggesting an increase m the "rest N” frac- 
tion which may contain toxic split-products of protein metabolism 


2 Method of Koch and McMcekm ** Principle This method differs from the 
preceding one in that sulfuric acid and by drogen peroxide are used m the digestion 

” For review see Tolm Phynol Rets 2.460 (1022) also Fetors nnd V an Sly he s lx>ok 
(»ee Bibliography at end of chapter) 

” Koch and McMeekin J Am Chem Soe 4* 20GO (1021) A stronger acid digestion 
imxturo containing pcrrl lone acid is used by Rose J Biol Chem fit 2o3 (1024) V satu 
rated sotution of NHi free potassium persulfate is recommended by Wong J Biol Chem 
SV 411 (1023) T) ere is some ev idcnce that both h> drogen peroxide and perchloric acid may 
yield inconstant results poaiulH tl rough oxidation of a portion of the ammonia although 
the troccdurcs appear to be sufficiently reliable for routine clinical purposes Selenium is 
*md to lie satisfactory as an oxidation catalyst and appeare to giv e good results (see Camp- 
Mi and Hanna J Bwl Chem 119 1 (1937)) 
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Procedure Trnn.fcr 5 ml of the 1 10 proteln-free 

mm pyrex test tube, add 1 ml of. 1 watiThinch" HoH « 

and heat over a microburner to evaporate of! the water of t fce 

gins and white fumes begin to arpear In the l 1« *• -J* hes the bottom 

flame or raise the tube so that the tip of the flam j occurs Remote 

of the tube Continue heating until no further dtnkenl £ and tfc „ 

the flame, allow the tube content. to cool for about 1 «i lr ectl> Into 

add 1 drop of 30 percent hydrogen peroxide. allowing It d P , o)u tionli 
the solution Replace the flame and heat aflaln to bollinfl If th wl 

not decolonred repeat the addition of the hidroflen pe w|[h aboot 

gently for 5 minutes Cool, transfer to a 50-ml Tolumetric flM ^ 

35 ml of water, and set aside until the standard Is rea > d belt 

ated at 35 and 50 ml as described for the prexlou. procedure may b ^ 
Instead of yolumetrlc flask. To prepare the standard, transfer 3 r ( 

ard ammonium sulfate solution, containing 0 15 m{ of nttroge , 
yolumetrlc flask, add I ml of I 1 sulfuric arid and dilute to ahou ^ ^ 
with water For photometric measurement a blank is prepar 
flask by diluting 1 ml of I 1 sulfuric acid to about 35 ml with , 

When ready, to each flask add 12 ml of modified Nessler *«**"'* tb f 
graduated cylinder, swirling the content, of the flask Ju.t before ^£^,, 1 , 
Nessler reagent to promote quick and uniform mixing Mute in „ 

with water to the 50 ml mark, .topper, and mix by 
stand 10 minutes before reading Read In the colorimeter or P ^ 

exactly as described for the previous method, using the same caicu 

Interpretation. See previous method 


Other Methods. As has been indicated, most of the modifies ^ 
in the roicro-Kjeldahl determination of blood nonprotem „t 

direct nesslcnzation miohe changes in the digestion mixture 
procedures for the determination of the ammonia formed in clu cl 
metnc estimation (Van Slyhc, loc cit ) , aeration of the ammonia fro® ^ 
alkalinized digest as desenbed for the determination of urea (sp ^ 
section), or steam distillation of the ammonia (see Chapter 31) 1° ^ 
aeration and steam distillation the recov ered ammonia is absorbed m ^ 
and maj be estimated by titration or by nesslenzation , the advan *8 
nesslcnzation after separation of the ammonia from interfering ^. tea 
is that crystal-clear colored solutions are invariably obtained ^ s f , 
distillation device such as that illustrated in Fig 241, p 
equivalent, is conv ement almost automatic in operation, and requir 
a few minutes for each sample Steam distillation poor to estima 1 ^ 
ammonia is recommended for all precise micro-Kjeldahl analy*^ 
very small amounts of nitrogen (ammonia) the microdiffusion me 
of Conw ay (see pp 668 and 886) has giv en excellent results 


** Reagent* Required Sulfuric And 1 1 With stirring carefully add SO ml 
trated sulfuric acid to SO ml of water Cool and keep well etoppered to prevent 
of ammonia from tl e air /Merck < 

to Per Ctid Hipl'ootn Peroxide Only the highest grade low nitrogen reagent l g ^ lD i 
,ker a are satisfactory) may be used This reagent is extremely corrosive to tne ^ 
i»t be dispensed with care preferably b> the use of a rubber bulb pi[*‘ n 

[/iterator when not in use 

Modified \tt*ler Solu (ion See Appendix. 

Standard Ammonium Sulfate Solution See previous method 
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DETERMINATION OF UREA 

Introduction. Practicallj all of the methods m use at the present 
time for the determination of the urea content of blood are based upon 
incubation with preparations of the enzjme urease , 30 wherebj urea pres 
ent is concerted into ammonium carbonate The ammonia formed maj 
then be determined directlj by colorimetric methods, or separated bj 
either aeration or distillation and then determined either colorunetncallj 
or titrimetncall} The carbon dioxide produced bv decomposition of am 
monium carbonate maj also be measured gasometncallj 31 Se\ era] 
methods which do not lm ol\ e the use of urease ha\ e also been described sn 
The choice of procedure among the manj a\ailable appears to be largely 
a question of the facilities and requirements of the individual laboratory 

1 Method of Foltrt and Stedberg 33 Principle The ammonia produced by (he 
action of urease on the protein free blood filtrate is distilled off and determined 
colonmetncallj by reaction with Jvcsslers reagent For a discussion of the accuracy 
of this method see Gentzkow (/ Biol Chem , 143, 540 (1942)) 


Procedure Transfer 5 ml of tungstic acid blood filtrate to a pyrextest tube 
of 30 ml capacity (tubes which previously contained Nessler solution should 
be rinsed with concentrated nitric add and then with water before use) 


Marshall J Biol Chem 15 487 (1913) 

* ' an SI} k e J Biol Chem 73 695 (1927) 

J Du>t Chem 146 59a G942) Barker ibxd 152 453 (1944) Archibald »7>id 
, (1945) See also method of Leiboff and Kahn (p 555) 

Fohn and Svedberg J Biol Chem 88 77 (1930) 

Reagents Required Acetate Buffer Solution Diasohe 15 g of cry stallued sodium ace- 
tate in a 100 ml volumetric flask bv the help of 50 to 75 ml of water Add 1 ml of glacial 
acetic acid dilute to a olume and mix 

Urease Solution Transfer 0 5 g of jack bean meal to a clean 50-ml flask add 20 ml of 
1 ^ m cent ^y volume) alcohol ^hake for 10 minutes and filter or centrifuge This extract 
# ° R ' wa ^ s he prepared on the day it is to be used because on standing ev en in an itebox 
it will develop ammonia and Will yield too high results One should therefore not use more 
° r 3 8 ’- ron E er extract than is rcallv necessary Koch (J Lab Clin Wed II ~7C 
(1020)) obtains a stable and active urease preparation by making a 75 per cent glycerol 
extract of jack bean meal 

Urease Paper Transfer to a clean 200-ml flask 30 g of jnck bean meal and 100 ml of 
dilute alcohol (30 ml of 95 per cent alcohol diluted to 100 nil ) Add 1 nil of tl e buffer mix 
ture described above Stopper tightly and shake vigorously for at least five minutes and 
then shake le**s hard for about 10 minutes Filter or preferably centrifuge half an hour m 
15-ml tubes the mouths of which have been covered with tinfoil Transfer the extract to a 
porcelain dish and at once take it up on strips of rati er heavy filter paper Schleicher and 
Sel nil No 597 and hang tl ese up to dry over two threads about 15 cm apart \\ hile dry 
mg the papers should not be exposed to air currents for blasts of air seem to destroy the 
cnxy me «o long as water is present As soon as the paper strips arc thoroughly dry cut tl cm 
up into pieces about 1 cm by 2 5 cm and pre*crv e in wide-moutl bottles These urease 
papers will retain their activitv for many months and cv en for y ears The urease liecomes 
fi*«d in the paper and it is onlv by shaking the solution several times during the digestion 
that one secures adequate contact and quantitative hydrolysis of the urea 

Wi&umjnnfl 7*i he As illustrated in Tig 14C Made preferally from py rex glass 2 mm 
in diameter at open end May bo obtained from I isler ‘Scientific Co New kork 

Intifoaminff Oil Mixture To one volume of crude fuel oil add about 10 volumes of 
toluene 

Saturated Borax Solution Dissolve about 40 g of reagent-grade sodium tetraborate 
(borax) in 1 liter of boding water and allow to cool to room temperature If unsaturated 
*d l more borax and again heat 

0l \ And Either by drocl lone or sulfuric may boused and it need not be standardised 
Standard Ammonium l/aie Sol i tK>n Prepare a stock standard solution as follows Dis 
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ns described in the original procedure of Van Sijhc and Cullen Tlie aera- 
tion procedure may also be applied to the Folin-Wu filtrate alter urea 
treatment, the liberated ammonia being absorbed in dilute acid and date 
mined colorimetncally The ammonia aerated from „rea«e-t eated nhole 
blood may also be determined colonmctneally instead of by titration. 

3. Method of Karr:" Principle. Ii> tht action of urow, the urea in a protem-frce 
filtrate 13 converted to ammonium carlwnate winch is newienzed in the presence o a 
protective colloid The interference of peptones and ammo acids (folin and woj 
regarded as so slight and uniform as not to influence the clinical v aluc of the remits 


Procedure." Transfer 5 ml. of Folin-tVu blood filtrate to a test tube, and in 
a similar tube place 5 ml. of standard urea solution, containing 0.075 mg. ° 
nitrogen. To each tube add 0.5 ml. of buffer solution and 5 drops of urease 
solution. Place in a bath at 50° C. for 15 minutes. Transfer the contents ol 
each tube, with rinsings, to separate test tubes” graduated at 22.5 and 25 mb. 
and dilute with water to the 22. 5 -ml. mark. Add 3 drops of gum ghatti solu- 
tion, followed by Nessler solution to the 25-ml. mark. Mix, allow to stand for 
10 minutes, and read within the next 20 minutes, using either a colorimeter 
or photometer. For photometric measurement, follow the conditions speci- 
fied on p. 547 for the determination of nonprotein nitrogen, setting the 
photometer to zero density with a blank prepared by treating 5 ml of water 
with buffer, urease, etc., exactly as described above for a blood filtrate. 


Calculation For colorimetric measurement 

RMtog ot St.nJ.M 100 . \ per ]00 ro , blood 

Reading of Unknown 0 5 1 

For photometric measurement 

Density of Unknown 100 . , , , ■ 

Density ol to-do, d X 0 075 X 06 " N V* 100 ml bl °° d 

Interpretation. See under method of Folin and Svedberg above. 


11 Karr / Lab Clin ifed , 1, 3 (1924) The use of gum ghatti as a stabilizing colloid by 
Folin (J Biol Chem , SI. 231 (1929) in his sugar method (p 575) suggested its application 
in the urea method to Looney ( J Biol Chem , 88, 189 (1930) 

•* Reagents Required Standard Urea Solution Dissolve 0 3215 g of pure dry urea W 
water and dilute to 500 ml in a volumetric flask. Add a little chloroform or toluene a* 8 
preservative This solution contains 0 3 mg of urea nitrogen per ml To prepare the working 
standard, dilute 6 ml of stock standard to 100 ml with water in a volumetric flask and mi*- 
Prepare fresh daily This solution contains 0 075 mg. of urea nitrogen in 5 ml 

Buffer Solution Dissolve 20 g of crystalline sodium acetate in water add 2 2 ml of 10 pe r 
cent acetic acid dilute to 100 ml with water and mix Add a little toluene or chloroform 83 
preservative . 

Urcate Solution Place 15 g. of jack bean meal (obtainable from the Arlington Chemical 
Co Yonkers, N Y ), about 2 g of Permutit' (see Appendix) 1C ml of 95 per cent alcohol, 
and 84 ml of water in a 200-ml flask. Shake more or less continuously for about 15 minutes* 
Pour onto a filter and allow to filter overnight in the refrigerator Keep the filtrate in 
cold transferring a portion to a dropping bottle for daily use Prepare fresh every three to 
four weeks, or when a blank analysis shows the presence of significant amounts of ammonia. 

Gum Ghatti Solution Bee Appendix. 

h’ceiler Solution The Koch-McMeekm preparation is recommended (see Appendix) 

** Separate tubes for n eastern ation are necessary because of the 'poisoning' action o 
mercury on urease When this u suspected in the conversion tubes they should fie clean eo 
with strong nitric acid 
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4 Method of tetboff and Kahn 44 Principle. The urea in the Folm-Wu. blood 
filtrate is converted to ammonia by acid hydrolysis under pressure and directly nes- 
slenzed The slight conversion of nonurea substances to ammonia is unimportant 
clinically By the elimination of urease, turbidity after nesslerization is claimed to be 
avoided even mth filtrates high in urea 

DETERMINATION OF CREATININE 

Introduction. Blood creatinine is ordinarily determined by reac- 
tion m a protein-free filtrate with alhalme picrate to form a red color (the 
JafF6 reaction), which is then compared with a standard A color reaction 
of creatinine with dimtrobenzoate has also been described 45 It is well 
recognized that the JafF£ reaction is by no means specific for creatinine, 
and that other substances are present m blood (chiefly m the red cells) 
which contribute to the color, so that results on whole blood filtrates are 
undoubtedly too high ** Practically all of the chromogemc material in 
plasma, however, appears to be creatinine and therefore plasma is pre- 
ferred to w hole blood for analysis Most of the results in the literature 
have been obtained on whole blood A specific method for creatinine 
determination appears to be the measurement by the Jaffe reaction 
before and after treatment with a bacterial preparation which destroys 
creatinine 47 

Method of Foltn and Wti 48 Principle A portion of the blood filtrate is treated 
u ith alkaltne picrate solution and the color developed is compared in. a colorimeter or 
photometer with that produced by a known amount of creatinine under the same 
conditions 

Procedure 49 Transfer 10 ml of 1 10 tungstic acid filtrate of whole blood or 
plasma (preferably the latter) to a small flask or test tube In a second con- 
tainer, place 5 ml of standard creatinine solution, containing 0 03 mg of 
creatinine, and add 15 ml of water Add 5 ml of freshly prepared alkaline 
picrate reagent to the blood filtrate, and 10 ml to the diluted creatinine 


44 LeibofT and Kahn J Biol Chem 83 347 U929) 

“ Benedict and Behre J Biol Chem 114 515 11036) Langley and Evans dnd 115 333 
(1036) 

44 Ilunter and Campbell J Biol Chem 32 195 (1917) Behre and Benedict tbvd 52 
11 (1022) 117 415 (1937) Miller and Dubos ibid 121 447 457 (1937) Gaebler and Ab- 
bott ibid 123 110 (193S) 

47 Miller and Dubos loe cU Alhnson J Btol Chem 157 169 (1945) 

44 Folm and Wu J Biol Chem 38 81 (1910) See also Peters J Biot Chem 146 179 
(1942) Bonsnes and Taussky ibid 158 681 (1945) 

47 Reagents Required Standard Crealmme Solution Prepare a stock standard by dtssoh 
xng 1 g of pure drj creatinine m 0 1 N h> droclilonc acid and diluting to 1 litem ith the acid 
Thu solution is stable indefinite!* and contains 1 mg of creatinine per ml To prepare tho 
working »tan lard transfer 3 ml of stock standard containing 3 mg of creatinine to a 500- 
ml \olumetnc flask add 50 ml of 0 1 N h> drochlonc acid dilute with water to 500 rnl and 
mix This standard contains 0 03 rug of creatinine in 5 ml and is stable for a week or more 
if preserved hi the a Idition of a few drops of toluene 

ilkahne Picrate Reagent (a) Prepare a saturated solution of purified picric acid (see 
Appendix) It is essential that this solution be saturated otherwise serious error maj result 
\ 10-ml portion titrated with 0 1 N alkali in tl e presence of phenolphthalein as Indicator 
should require 5 2 to 5 4 ml of alkali for neutralisation (b) To prepare the fresh alkaline 
picrate reagent transfer 25 (or 50) ml of the saturated picric acid solution to a flask add 5 
(or 10) ml of 10 per rent sodium h>droxide solution and mix Lse witlin a short time after 
preparing On standing crj stals ma> form in the solution wl ich do not impair its eflectiv#*- 
ness but rei der measurement difficult 
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A A Ml, and allow to stand for 15 minutes for complete color derel 
opmfnt Read in the colorimeter or photometer within the nett 15 mjnutet 
For colonmetrlc measurement, first match the standard 
carefully, and then compare with the unknowns in the usual wa> F 
photometric measurement, transfer the solution, to suitable conta |n ,r. 
and determine the densities In the photometer at 520 m, (see Fltt M« Set 
the photometer to rero density with water alone Betermlne the den.lt> ' 
a blank prepared b, treatlnt! 10 ml of water with 5 ml of the a kallne plcrat 
reasent, and subtract this yalue from the obser.ed densities of standard an 
unknown to obtain their true values 



Fir 148 Absorption Spectra or Colored 
SOLCTIONS OBTAINED IN lOUN \\ L BLOOD 
Crfatinine Method 

Alkaline picrate alone (U) alkaline picratc 
plus 0 08 mg creatinine (a) plus 0 00 ms? 
creatinine (l>) Solution depth 1 cm 


Calculation For colorimrlne mr uuremenl 


Reading of Standard 
1 darling of Lnknown 


X mg. creatmin** in standard X X 7^ 

=* mg creatinine per 100 ml 1 loorl 


plasinA 


In conneeti t with tl is calculation it is to be noted tl at the standard is made up 1° 
twice the volume of the unknown so tl at a volume correction factor ( l5 4o) w 
duced. The standard specified corresponds to a blood creatinine of 1 5 mg per cent 
and ts satisfactory for the range of 1 to 2 mg per cent only because of the presen^ 
of tl c high blank col >r of the alkaline picrate and the significant deviation from Beef 18 
law (see p 5o7) el own by this color reaction It is good practice therefore to prepare 
several standards at different concentration levels to provide for values outside the 
indicated range If a high creatinine should be encountered without several stand 
ar Is ready the determination may be sav ed bj diluting the unknown with an a ppm- 
prate amount of the alkaline picrate solution which las first been dduted with two 
volumes of water to preserve equalitv of picric acid an 1 alkali concentration It W 
better lowcver to repeat the ana!) sis if po««ible using less filtrate plus water to 
10 ml correcting the calculations accordingly 


For pfiotomstnc mta*vrtmmi values up to about 5 mg per cent blood creatinine 
maj be calculated as follows 


Der «it> of Lnknown 
Density of Man lard ' 


creatinine m stan lar 1 X - 


— rog creatinine per 100 rnl 1 lood or pla-v®* 
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For higher values repeat the analysis with 5 ml of filtrate plus 5 ml of Mater md 
oiultipl} the results by 2 4t 520 ra/x and in a 1-cm cuv ette, the densitj of the stand 
ard described corrected for the blank is approximately 0 050 
This calculation is an approximation onh , suitable for routine clinical purposes but 
not for precise work since it is based on Beer’s law, and the creatinine color does not 
follow Beer’s law exactlv at an} concentration ordmanl} encountered For more exact 
work a calibration curve relating observ ed densities to concentration must be pre- 
pared and results read from this curie To obtain such a cune prepare a standard 
creatinine solution which is twice as strong as that used in the procedure b} trans 
fcrnng 6 ml of the stock 0 1 per cent creatinine solution to a 500-ml -volumetric flask 
adding 50 ml of 0 1 Is acid and diluting to the mark with water This solution con 
tarns 0 06 mg of creatinine in 5 ml Transfer the following amounts of this solution 
(preferably in duplicate) to small flasks 00 50 100 150 and 20 0 ml Add sufficient 
water to each flask to make the final -volume 20 ml , and then add 10 ml of alkaline 
picrate reagent to each Mi\ allow to stand 15 minutes and determine the densities 
in the photometer under the conditions described in the text The first flask is a blank 
subtract its average v alue from the other average values to obtain their true densities 
The amounts of creatinine in the various flasks are 0 06 0 12 0 18 and 0 24 mg 
respectively corresponding under the conditions of 
analysis to blood creatinine contents of 3 6 9 and 12 
mg per cent Plot the true densities against the equiv a 
lent mg per cent concentrations on cross-section paper 
and draw a smooth curv e to include all the points 
\ curve similar to that shown in Fig 149 should be 
obtained From such a curv e the concentration of an 
unknown maj be read off if its dcnsit} has been 
established 

In using such a curve, it is important to remember 
that it is valid onl} if the anal} sis of an unknown is 
carried out under conditions similar to those prevail 
ing at the time the curve was established In general, 
the calibration for one photometer is not applicable 
to another instrument even of the same make and 
changing the wavelength sotting or filter will influence 
the curve The curve should be checked when a new 
lot of saturated pvmt acvd ,# vs prepared although cor 
reeling for the blank as indicated w ill ordmanl} take 
care of slight variations in the color of the alkaline 
picrate reagent Time control and temperature control are important, the curve at 
30“ G is not the same as at 20° All of these precautions are necessar} for obtaining 
accurate results 

Interpretation. Creatinine is the least vnnablc nitrogenous con- 
stituent of the blood, m which it exists to the extent of 1 to 2 mg per 
100 ml of whole blood, the average value for plasma is nearer 1 mg per 
cent In earl} nephritis, v alues of from 2 to 4 mg arc noted, and in chronic 
hemorrhagic nephritis with uremia, 4 to 35 mg Creatinine is more 
rcndil} ext reted b} the kidnevs than urea or unc acid, and an increase of 
creatinine to 4 or o mg or ov er per 100 ml is ev idence of marked impair- 
ment of kidnej function Such high creatinine v alucs m chronic hemor- 


M Fetors (/«• ctl ) recommends a picric acid solution contiumnR !1 75 e per titer rather 
than a saturated solution to minimize differences in sotubilitj of picric acid at summer and 
winter temperatures 



Fig 149 Typical Cali- 
BRvnoN Curve for Blood 
Creatimnf Determi- 
nation at 520 "M/x 1 Cm 
Solution Depth 
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rhagic nephritis indicate an unfavorable prognosis, although high values 
may 1 obtain in acnte eases over long per.ods. 


determination of creatine 

Introduction. The creatine of blood iy ordmaril y ^determine Aj 

sssKSS-ct': 

*stfaasssi^SsSsat-s! 

knowledge of blood creatine have as yet been made. 


Procedure. Tran.fer S ml. of a 1:10 tung.tlc odd filtrate of whole bloodm* 
left tube graduated at 25 ml. Add 1 ml. of normal hjdrochlorlc add. C & 
the mouth of the test tube with tin foil and heat In the autoclave to 1 
for lo'mlnutes or to .55- C. for 10 minutes. Cool. Add 5 ml. of freehly ^ 
pared alkaline plcrate eolutlon (as used for blood creatinine determ 
and* let stand tor 8 to 10 minutes, then dilute to 25 ml. At the same Ime. 
prepare a standard creatinine solution by adding to 10 ml. of creo i 
solution, containing 0.05 mg. of creatinine. In a 50-ml. volumetric » 

2 ml. of normal acid, and 10 ml. of the alkaline plcrate reagent, and a 
10 minutes, diluting to 50 ml. Read in the colorimeter or Pbo""”''' 
described for the determination of blood creatinine (p. 556). The b |a !* 
photometric measurement is prepared by treating 10 ml. of water in a * * 

volumetric flask with 2 ml. of acid and 10 ml. of alkaline plcrate reagent 
diluting to 50 ml. with water. -tlnfne, 

In the case of uremic bloods containing large amounts of creat 
1, 2, or 3 ml. of blood filtrate, plus water enough to make approxima 
5* ml., are substituted for the 5 ml. of filtrate, and calculations correc 
accordingly. 


Calculation For colorimetric measurement 


Reading of Standard 


"total creatinine” per 100 ml W°°^ 


Reading of Unknown 
Subtract the preformed creatinine content, as determined by separate anal} sis 
555), from the “total creatinine,” to obtain the creatine content, expressed as cr 
nine The same precautions as were described for the determination of blood crea ^ 
nine, concerning deviation from Beer’a law and tbe use of several standar 
necessary, must be obser\ ed 


For photometric measurement 


Density °f bnknown x „ oc x ™ > 
Density of fetandard 0 5 


; "total creatinine” per 100 ml bloo3 


Determine creatine by subtracting preformed creatinine value as described above 

•i Allinson / Biol Chem . 157. 169 (1945) For application of the bacterial methodto^j 
determination of creatine in tissues, see Miller Allinson, and Balter J Biol Chem , 

(1939) , Borsook and Dubnoff Snd 132, 559 (1940) 
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As with the determination of creatinine the calculation given is only an approxima 
tion because of deviation from Beer s law and for precise results a calibration curve 
similar to that described on p 557 should be constructed and used The calibration 
curve prepared for the preformed blood creatinine determination cannot be used here 
because of the presence of acid and the different proportion of alkaline picrate used 
In preparing this curve remember that only 5 ml of filtrate are used for analysis ui 
stead of 10 ml as m the creatinine determination so that a giv en amount of creatinine 
in the standard corresponds to twice as high a total creatinine content per 100 ml 
of blood as in the calibration for preformed creatinine Thus the standard described 
containing 0 0G mg of creatinine in a final v olume of 50 ml is equiv alent m an anal} 
sis to a total blood creatinine of 6 mg per cent with other amounts in proportion 

Interpretation Blood creatine content as determined by this and 
other methods ranges between 3 to 7 mg per 100 ml of whole blood The 
creatine of blood is found almost entirely m the red cells, variations in 
cell count therefore presumably influencing results Except in the case of 
infants and pregnant women, the amount of creatine m plasma is quite 
small, Alhnson (loc cil ) reports values ranging from 0 4 to 0 8 mg per 
cent 85 No significant variations have as jet been associated with patho- 
logical conditions, so the determination has little clinical value at the 
present time Increases have been noted after severe muscular injury and 
following experimental removal of the kidneys 

DETERMINATION OF URIC ACID 

Introduction. Blood unc acid is ordinarily determined by colon 
metnc procedures based upon the reaction betw een uric acid and certain 
complex pliosphotungstic acid reagents (or their equivalent), usually in 
the presence of cyanide s * to form a blue color Procedures utilizing the 
reducing action of uric acid on ferncy amde hav e also been desenbed 84 
The determination of blood unc acid has been the subject of much 
cnticism and study It appears probable that a portion of the blood unc 
acid is lost dunng precipitation of the proteins, up to now, there appears 
to be no simple way to av oid this 55 The use of the various color reagents 
on a blood filtrate directly > without preliminary separation of interfering 
material, is felt by many investigators to be unsound because of both the 
nonspecificity of the color reaction and the possible presence of substances 
which inhibit color development with unc acid itself A combination of 
these effects (one tending to increase color, the other decreasing it) is felt 
by some to be responsible for the apparently satisfactory results obtained 
in some procedures Interfenng material appears to be present largely 
in the red cells of blood, the use of plasma or scrum for analysis is there- 
fore gaining ground and is to be preferred Increased specificity is also 
obtained by separating the unc acid from interfenng material prior to 
analy sis Color dev elopment before and after treatment w ith preparations 
of the enzyme unease, which oxidizes unc acid, has also been proposed 


** See also Tierne} and Peters J Clin Inrrtl 22, 695 (1913) 

M Tor a procedure not Involving tl e u*e of ejamde see hern and Stransk} R\ orhrm Z, 
419 (103') 

M **ee Uulger and Jol ns J Biot Chtm 140 42“ (1941) 

*’ C! ee 1 owev er hern and ^transkj (foe of ) 
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Method of polin (halation Procedure) » Principle Lnc »c.J u precipitated^ 
„lvcr«r.t.,d,rcctl 5 from the blood Citrate The 

chloride solution and determined colonmetncallj or pbotoinctncallj alt 
of pho.photungi.tic acid, nhich cn ca ablne -olution 


Procedure >■ Transfer 5 ml of the blood filtrate” to a centrifuge tube .M* 
2 ml of the add silver solution Centrifuge at once All the uric acl , 


..Blanch sod Koch J B» I Cheat '» «’ »»”» For . desertp hon of . 
eedute applied to the determination of uric acid in urine ice Chapter 31 Urine I 

“ 7 . Biol cheat tat 111 (10331 tat 311 (1934) The Folio direct nietl od 

Eimilar to the procedure devmbed here and requires the aame reagent. '“"Jj,,,,,,, u 
precipitation .nth acid silver .olution is omitted A o-ml portion of ‘ Lcnt-el 

treated directl) with the ej an, deurea aolnt, on uric and reajent e ' c " eme nt are 

a the text Calculations and directions for photometric and colorimetric measurero 


ht Reagents Pequired And Sxlttr Solution To 5 ml of 85 per cent lactic acid addl ^ 
of water and 5 g. of NatCO. and boil Dissolve 2o g. of silver nitrate in about . 00 
water add the partly neutral.red lactic acid solution and dilute to l liter After* 
exposure to sunlight and filtering this reagent keeps fairly well When used only occa~* 


alls however it should be filtered before using , . , t fire 

Standard Unc Acid Solution The solution made as follows will keep for at leas 


Standard Une And Solution The solution mane as louows wiu Keep iu. »» ■ 
years Weigh out on a watch glass exactly 1 g of unc acid and transfer it to a liter 
metric flask bj means of a not too small dry funnel Tap the funnel so as to transfern 
the whole of the unc acid to the flash Transfer 0 6 g of lithium carbonate to a 
Florence flask, add 150 ml of water shake about five minutes until dissolv ed Some inw ^ 
ble material remains and it is usually best to filter Heat the solution or filtrate to {e 
Also warm the liter flask under running warm water Pour the warm lithium cartw ^ 
solution into the liter flask incidentally wa*bing into it the traces of unc acid whie 
hered to the watch glass and funnel- Shake so as to dissolve the one acid promptlv A ^ ^ 
additional warming under hot tap water is permissitte The lithium carbonate ‘ oIu V°j . y 
not always perfectly clear even when filtered and one should not mistake this little tur ^ 
for on dissolved uric acid and keep warming and shaking too long In file minutes all o 
unc acid should be dissolved Shake the flask under cold running water without un 
delay Add 20 ml of 40 per cent formalin and half fill the flask with di« illed water 
add from a pipet rather slowly and with shaking 2 d ml of normal gut fun c acid . 

to volume mix thoroughly and transfer to a clean tightly stoppered bottle This * 
solution containing 1 mg of unc acid per ml should be kept away from light 


c acid and keeps pc' 


rfectlF 


2d0 ml It behaves exactly like a lithium carbonate solution of 

for many day s. (o mL = 0 02 mg. unc acid ) , g 

Urea-Cyanide Solution (Pottonou» r ) Transfer 75 g. of Merck s Blue Label sod urn cy 
to a 2-liter beaker add 700 ml of water and gtir until the cy anide is completely disso v 
Add 300 g. of urea and etir Then add 4 to 5 g- of calcium oxide and stir for about 10 
utes Filter at once if necessary for immediate use but preferably not until the next ^ 
To the filtrate add about 2 g of powdered lithi um oxalate shake occasionally for 
15 minutes and filter {e 

L ne Acid Reagent Transfer 100 g of sodiam tungstate {free from molybdate ef ,j, 

50 below) to a oOO mL Florence flask. Mix 32 to 33 mL of 8a per cent phosphoric acid ^ 
1 50 ml of water Pour the resultin g solution on to the tung*tate and mix. Add a few pc& 
and boil very gently over a microburner for 1 hour Loss of liquid during the boiling 13 P , t 

_ t, , i.u... . Ann — i n . - ch i water a 


vented by using as a condenser a funnel 1 olding a 200-ml flask filled with cold wate^^^ 
the end of the boil ng period decolorize with a bttle bromine water boil off the e 
bromine cool and dilute to 500 ml vr k s 

If the reagent so obtained is not perfect fin other words if it gives a blank with 
urea-cy anide or with urea-cy amde plus tyronne) add 3 to 5 g. of sodium tungstate v 
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to the last trace, will now be in the precipitate Decant the supernatant 
solution as completely as possible, and add I ml of a 10 per cent solution of 
sodium chloride mOlN hydrochloric acid Stir thoroughly with a fine glass 
rod, add 4 ml of water, and stir again Centrifuge Pour the supernatant 
solution, as completely as possible into a test tube graduated at the 25 ml 
mark Remove the last drop by touching the lip of the centrifuge tube to the 
side of the graduated test tube Prepare two standards by placing 3 ml (plus 
2 ml of water) and 5 ml respectively’ of standard uric acid solution, contain- 
ing 0 02 mg of uric acid in 5 ml , in separate test tubes, and for photometric 
measurement prepare a blank tube containing 5 ml of water only’ To each 
tube add 10 ml of urea cyanide solution {Poisonous’ from a buret ) and mix 
well by’ lateral shaking Add 4 ml of the uric acid reagent to each tube, mix 
well by lateral shaking, and note the time Let stand for 20 minutes, dilute 
to the 25 ml mark with water, stopper, and mix by inversion Read in the 
usual way' within the next half hour in the colorimeter or photometer For 
photometric measurement, determine the densities at 420 m/r, setting the 
photometer to zero density with the blank 

Calculation For colorimetric measurement 


Reading of Standard 
Reading of Unknown 


X mg uric acid in standard X 

“ mg uric acid per 100 ml blood or plasma 


Read the unknown against the standard which most closely matches it on inspection 
and substitute the proper i alue for the unc acid content of the standard (0 012 or 
0 020 as the case may be) in the calculation formula above The stronger standard 
corresponds to a blood with 4 mg per cent uric acid up to S mg per cent may be read 
satisfactorily For higher \ alues instead of using the entire supernatant from the acid 
extraction of the precipitated sill er urate as described pipet out 2 5 ml at this point 
add 2 5 ml of water and continue with the addition of urca-cy anide color develop- 
ment etc as described multiply ing the final results by 2 


For photometric measurement 


Density of Unknown 
Density of Standard 


X mg uric acid 


in standard X 

U o 

— mg uric acid per 100 ml blood or plasma 


Either standard may be used therefore only one is necessary At 420 m ft and in a 
1-cm cuvette the density of the stronger standard corresponding to 4 mg per cent 
blood uric acid is approximately 0 500 Up to 8 mg per cent may be accurately read 
under these conditions For higher values or with deeper cuvettes use half of the 
supernatant fluid from the acid extraction os described above under colorimetric 
measurement and multiply the results by 2 


no more) and boil for another 10 to 15 minutes then cool and decolorize as before T1 © 
add tion of a little extra tungstate and the short second boding can also bo made witl out 
first testing the reagent for a blank 

** The tungstic acid deproteimzation preceding estimation of uric acid by this method 
must bo made with sodium tungstate entirely free from moly bdate A product meeting this 
specification is made by the Mallinckrodt Chemical Co TI © absence of moly bdate s! ould 
be confirmed on e ich new batch of sodium tungstate by apply mg the following xanthate test 
(Folm and Trimble J Biol Chem 60 t”3 (1924)) Dissolve 1 g of sod um tungstate in 5 
to 10 ml of water The solution si ould be alkaline Add about 0 2 g of solid potassium 
ethyl xantl ate (Fast man or prepare as directed in original paper) SI ale until dissolved 
Idd droi wise with si aking 20 per cent Hj^Os until the curdy tungstic ari ] j recij itate 
dissolves In the presence of « nly Ixlcnum as t) e solution Vx-eomes definitely acid a pink 
to deep j turn color forms The colored compound moly Ldcnum xanthate Lv soluble in 
thlorofortn 



504 * 

„ K o„ — 

150) Under these conditions mm” less filtrate plus «ater to 5 ml 

acid For higher tallies ormt * correct the calculations accordingly The 

m the acid niter chloride precipitation , chancinc (trsduallj in mleneit) 

Sssas 

approximately the time <1 ' density ot an nnhnon n l« determined 


PntmcAi. rnisioLoncAi Ciiemisthv 


Cliap 2-i 



Fio 150 Absorption Spectra of Colored 
Solltions Obtained in Nekton Blood Uric 
Acid Method 

For standards containing 001 mg uric acid 
(a) and 0 02 rag. uric acid ( b ) Solution depth 
1 cm 

Interpretation. Results on human blood by this procedure are 
similar to those obtained by the previous method Occurrence of tur J 1 J J. 
is much less frequent than for other methods For further intcrpretati 
sec p 562 

3 Method of Broun ** Principle The tungstic acid filtrate is treated ^ ircct |^ 
with a special unc acid reagent in the presence of optimal amounts of cyanidc-w 
solution The color developed is compared with that of a uric acid standard trea 
similarly 


Procedure “ Transfer 2 ml of 1 10 tungstic acid filtrate to a test tube ^ 
cylinder graduated at 10 ml In a similar tube place 2 ml of standard uri 
acid solution containing 0 005 mg of unc acid, and for photometric meas 
urement prepare a third or “blank ’ tube containing 2 ml of water To ea 


*‘ Brown J Biol Chem 15S G01 (1045) „ re 

“ Peagent* Required Sodium Cyanide Solution 12 Per Cent Dissolve 12 B 
sodium cyanide in water in a beaker transfer to a 100-ml cylinder add water to the m 
and mi* with a stirring rod Handle th\» totuiion carefully ae it it extremely poieonou* b- ^ 
in tbe refrigerator It should be usable for about 2 weeks Bring to room temperature be 
transferring a portion to a buret for daily use . . oa 

Urea Sol Uum Dissolve oQ g of urea in sufficient water to make 100 ml This soiu 
keeps indefinitely at room temperature . . 

I rie do<f Reaoent Dissolve 100 g of reagent-grade sodium tungstate and 20 go 8 ■ 0 { 
drous disodium h> drogen ph wpt ate in about 150 ml of water in a flask with the *J 
teat Mu 25 ml of concentrated sulfuric acid with about 75 ml of water and P° u ^ . g 
warm solution slowly and with st aking into the flask- Place a funnel tn the moutJ *> 
flask and vn the funnel place a 200-ml flask filled with ice water Heat the mixture m 
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tube add 2 ml of cyanide solution from a buret, this reagent is highly potson- 
ous and must neier be dispensed from a pipet Mix by lateral shaking, and 
add 2 ml of urea solution to each tube Again mix Finally add 1 ml of the 
uric acid reagent, mix by lateral shaking, and allow to stand at room tem- 
perature for 50 minutes Dilute to the 10 ml mark with water, stopper, and 
mix by inversion Read in the colorimeter or photometer in the usual waj 
For photometric measurement, lead at 520 m*j, setting the photometer to 
zero density with the blank 

Calculation For colorimetric measurement 

Readi n g; of Standard q X X 100 = mg unc acid per 100 ml blood 

Reading of Unknown 2 r 

The standard described corresponds to a blood uric acid content of 2 5 mg per cent 
For values over 5 mg per cent repeat the analysis using 1 ml of filtrate plus 1 ml of 
water and multiply the results by 2 

For photometric measurement 

Density of Unknown .. 10 .. tAn , 

ol Stan to ri X 0 00 3 X T X 100 - une acid per 100 ml blood 

At 520 mil and in a 1-cm cuv ette the density of the standard (corrected for the blank) 
is approximately 0 200 Satisfactory agreement with Beer s Ian is found up to blood 
concentrations of 6 mg percent For higher v alues or with deeper cuvettes, use 1 ml 
offiltrate plus 1 ml of water for the analysis and multiply the results by 2 

Interpretation. By this method human whole blood shows a normal 
range of 2 2 to 3 5 mg per cent for males and 1 9 to 2 9 mg per cent for 
females Results are lowered by only about 10 per cent or less when the 
uncage procedure (see p 559) is applied to establish specificity For fur- 
ther interpretation, see p 562 

DETERMINATION OF AMINO ACIDS 

Principle The color developed by the reaction between ammo acids and ^-naph- 
thoquinone— 1 sulfonic acid in alkaline solution is the basis of this method Originally 
proposed by Fohn the method was considerably improved by Danielson 47 and this 
procedure is essentially the one described here with heating to develop the color as 
suggested by Saliyun •* and with photometric measurement according to Frame, 
Russell and W ilhelmi •’ 

Procedure 70 Prepare a tungstic acid filtrate of whole blood or plasma at a 
1 10 dilution In the usual way (see p 543) Transfer 5 ml of protein free 


flask to boiling and boil gently for 1 hour the funnel arrangement serving as a condenser 
Cool and transfer to a 1 1 ter volumetric flask with rinsings dilute to tl e mark with water 
and mis 

l/rtc Acid Standard Dilute l ml of tt c Folui stock unc acid standard containing l mg 
of uric acid (*ec footnote 5S) to 400 nil with water and mix Tl is solution contains 0 005 mg 
of unc acid in 2 ml and keeps well for several days particularly if kept cold 
47 Danielson J Biol Clem lot 50j (1933) 

44 Ssliy un J Lab Clin \ft I 2 1 54S (193S 1939) 

** I ranic Russell and W ill eln i J Biol Chem ns 255(1913) See alto Russell J Biol 
Chem 1S6 407 (1044) for a *hg) tlv modified procedure claimed to give better results 
74 Reagents Required Ammo Ictd Standard S<J /ion \ mixed standard containing gly 
cine and glutamic acid is recommen led for rolorimctric measurement because of Iwtter 
match with Hood filtrates Glyane S tandar i D valve exactlv 0 2oS g of pure dry glycit e 
in water ai d transfer with rinsings to a 500 ml volumetric flask \dd 35 ml of N hydro- 
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Interpretation/ 0 Normal human whole blood usually contains from 
2 to 3 5 mg. of uric acid per 100 ml. by this method The normal range tor 
plasma is 3 to 5 mg per cent. In early nephritis values of from 3 to 10 mg. 
may be noted, and in advanced eases values as high as 25 mg. are od- 
served The determination of blood unc acid is generally regarded as an 
unsatisfactory index of renal impairment since its level may be affected 
by a chemical destructive process as well as by excretion, which might 
account for the observed inconsistencies betw ecu hyperuricemia and other 
nonprotcin nitrogen retention. 

In gout, high unc acid values (4 to 10 mg ) arc usually found. Determi- 
nation of unc acid is of diagnostic lahte in gout prior to the stage of tophi 
formation, particularly since normal values, in the absence of salicylate 
or dietary therapy, would ordinarily exclude a positive diagnosis How- 
ever, uric acid is similarly increased in early nephritis and many ca^es of 
gout with high uric acid values also show defective kidney function by 
other tests The same difficulty is met with in considering the high values 
(2 to 8 mg) obtained in other arthritic conditions, usually associated 
with increases in urea also The existence of nephritis in such cases has not 
been entirely excluded and many typical cases of arthritis show values 
below 3 mg. Salicylates and atophan (cincoplien) tend to reduce the unc 
acid content of the blood. 

The excessive breakdown of nuclear material in leukemia is accom- 
panied by elevated uric acid values. In addition to the numerous condi- 
tions resulting in renal damage, such as mercury or lead poisoning, 
eclampsia, acute infections, malignancy, etc , the blood uric acid is also 
increased in certain cardiac conditions which ultimately involve the 
kidneys. 


2. Method of Newton:*' Principle. Interfering material in the blood filtrate & 
removed by the acid silver chloride precipitation method of Benedict and Behre.** 
The unc acid remaining is determined colonmctncally by reaction at room tem- 
perature in the presence o! cyanide v. ith a special arsenotungstate reagent. 


Procedure.** The blood proteins are precipitated with the molybdotungstic 
acid reagent of Benedict and Newton rather than by the Folln-Wu tungstf c 
acid method, although this latter filtrate may also be used. Transfer 1 vol- 
ume of blood to a small flask and add 7 volumes of water to lake. Add I vol- 


" Bee reviews by Fohn. Berglund, and Denck J Biol. Chm , 60 , 361 (1924), and Ro« 
UMO) 1 ’ 3 ’ M4 ^ 1923 ^ ^ 81 80 ' 1>era “° d Munt wyler- Ann Rev Biochcm , 9. 303 

“ Newton J. Butl Chem , 120, 315 (1937). 

V Benedict and Behre J Biol Chm . 92 , 161 (1931) For the complete unc acid pro- 
cedure of these authors, see the eleventh edition of this book. 

*> Reagents Required For Protein Preexpxlalwn TungHomolybdale Solution Bod 10 g 
reagent-grade ammonia-free molybdic acid with 50 ml of normal sodium hydroxide tar 
4 to 5 minutes Filter, and wash the residue on the filter with 150 ml of hot water Cool the 
filtrate and washing* and add to a solution of 80 g of sodium tungstate dissolved in 600 od 
of water Dilute to 1 liter and imi 0 6g A Sulfuric Acid Dilute 020 ml of N sulfunc 
t0 \ sr “ nd Both these solutions are stable indefinitely 

, A ^tT U Z CUmvU , I ?f SO ' Ve 7 $ e of lithium chloride in water add 35 ml of concen* 
tra ^^r' 10 ^ *l Cld ^? ut */° 1 l,ter with w ater, and mix Stable indefinite!* 
i ■gJi"" D y 80lVe 29 * of ^agent-grade silver nitrate m water, dilute to 

1 liter, and mix Keep in a brown bottle 

m ‘ ni " V” tfMmutrv: Ddul. 7 ml ol m**- 
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ume of tungstomolybdate solution followed by L volume of 0 62 N sulfuric 
acid, with shaking Allow to stand for a few minutes, then pour onto a dry 
filter and collect the filtrate in a small dry flask For plasma or serum, use 
S volumes of water and 0 5 volume of the tungstomolybdate and acid 

Transfer 5 ml of the l 10 filtrate prepared as described to a 15-ml centri- 
fuge tube, add 1 ml of acid lithium chloride, and mix Add 1 ml of silver 
nitrate solution and shake well Centrifuge at once and pour the super- 
natant fluid* 1 into a test tube, allowing time for complete drainage Touch 
the lip of the centrifuge tube to the test tube to obtain the last drop In a 
second test tube place 5 ml of the standard uric acid solution, containing 0 02 
mg of uric acid, and add 2 ml of water For photometric measurement pre- 
pare a third tube containing 5 ml of “acid blank” solution plus 2 ml of 
water To each tube add from a buret 3 ml of the cyanide-urea reagent 
(, poisonous ), mix by lateral shaking, and follow with 1 ml of the diluted 
lithium arsenotungstate reagent from a buret {poisonous ) Stopper and 
mix by inversion Allow to stand 10 minutes, and then read in a colorimeter 
or photometer For photometric measurement, determine the densities at 
520 mix, setting the photometer to zero density with the blank 
Calculation For colonmelnc measurement 

IgSS gof X 0 02 X if - mg »c.d per 100 ml blood or plasma 

\\ ith the standard at 15 mm readings of the unknow n beta een 1 0 mm and 30 mm 
are reliable For higher v alues use less filtrate plus water to 5 ml in the acid silver 
chloride precipitation and correct the calculations accordingly 

For photometric measurement 

of StoS H X 0 02 X if - mg or,c acd per 100 ml blood or plasma 


tratcd hy drochloric acid to 1 liter with water and mix 

Cyamde Urea Reagent {Poisonous') DissohelOOg of urea in 500 ml of water Add 25 g 
of reagent grade sodium cyanide and stir to dissolve This solution is usable for 1 month or 
so Fresh solution must be prepared if color develops in a blank test run as described for 
photometric measurement ui the text 

Lithium Arsenotungstate Reagent {Poisonous') Dissolve 100 g of reagent grade sodium 
tungstate in 500 ml of water and add 140 g of reagent grade arsenic pentoxide Boil under 
a reflux condenser for 1 hour Remove the condenser and continue boiling until the volume 
is reduced to about 200 ml Pour this solution onto 100 g of solid lithium chloride in a 
beaker Stir until all of the lithium chloride has gone into solution Chill the contents of the 
beaker to at least 10° C for 2 hours but no longer Filter off the precipitated lithium arseno- 
tungstate by suction and suck as dry as possible Excess water may also be remoied by 
pressing the precipitate between filter papers About 130 g of material should be obtained 
Dissolve in water and dilute to 500 ml This stock solution keeps indefinitely Before use a 
portion is diluted with 4 volumes of water This diluted reagent is used in the procedure 
T1 e salt mu also be prepared in quantity presen ed in the do state and dissolved in 
water as needed 

Standard Urte Acid Solution (Benedict) A stock solution is prepared as follows Dissolvo 
9 g of disodium hydrogen phosphate and 1 £ of sodium dihidrogen phosphate (pure 
co stnlime salts) m about 200 to 300 ml of hot water If not perfectly clear fi/tcr Dilute the 
clear solution to 500 ml with hot water and pour upon exactly 200 mg of pure une acid sus- 
pended in a few ml of water m a liter s olumetnc flask Mix until solution is complete Cool 
add exactly 1 4 ml of glacial acetic acid dilute to mark and mix Add 5 ml of chloroform 
to prevent bacterial or mold growth (5 ml — 1 mg of uric acid ) T1 e vorking standard is 
prepared fresh weekly as follows Transfer 10 ml of stock solution to a 500 ml i olumetnc 
flask dilute to 400 ml ad 1 3 5 ml of concentrated hydrochloric acid dilute to mark and 
mix (5 ml »• O 02 mg of uric acid ) 

*' \ slight opalescence may be noted due to a trace of colloidal silver cl londe but tl is 
disappears after the addition of the cy anide solution and docs not affect the accuracy of the 
result*. 
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filtrate to a test tube graduated at 15 ml. In a similar tube place 5 ml. of 
amino acid standard solution, containing 0.03 mg. of amino acid nitrogen, 
and for photometric measurement prepare a blank tube containing 5 ml. 
of water. 11 Add 1 drop of 0.25 per cent alcoholic phenolphthalein solution 
to each tube, followed by 0.1 N sodium hydroxide solution drop by drop 
until a permanent pink color is obtained. Adjust by adding a little water 
where necessary so that all tubes are at approximately the same volume- 
To each tube add 1 ml. of borax solution, mix by tapping, and then add 
1 ml. of freshly prepared naphthoquinone solution. Mix by tapping, and 
place the tubes immediately in a boiling water bath. Allow to remain 10 
minutes, then remove and place in cold water for 5 minutes. To the cooled 
contents of each tube add 1 ml. of acid-formaldehyde solution, mix im- 
mediately, add 1 ml. of 0.1 N sodium thiosulfate solution, dilute Immediately 
to the 15-mi. mark with water, and mix by inversion. Allow to stand for lfl to 
30 minutes before reading in the colorimeter or photometer. For colorimetric 
measurement, match the unknown against the standard in the usual way 
For photometric measurement, transfer the solutions to suitable containers 
and read in the photometer at 490 m^, using the blank solution for setting the 
photometer to zero density. 

CAtxmi ation For colorimetric meamremenl’ 

Heading of Standard - 100 

Heading of Unknown * X 0 5 

“ mg ammo acid mtrogtn per 100 ml blood or plasma 

If the unknown has an ammo acid nitrogen content outside the range of 4 to 8 tog 
per cent, repeat the determination using smaller portions of filtrate or standard « 
required, made up to 5 ml with water, and correct the calculations according!) . 

For photometric meaturemenl 

Density of Unknown 100 

Density of Standard * v w x 0 5 

“ mg amino acid nitrogen per 100 ml blood or plasma 
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For the spectrophotomctnc characteristics of the color obtained in this method, 
see Frame Bussell and Wilhelmi (foe nt) At 490 mji and in a 1-cm cuiette the 
density of the standard is approximate!} 0 400 at 520 ni/i w hich maj be used with 
slightl} less accuracy the densit} is about 25 per cent less Up to about 15 mg per 
cent ammo acid nitrogen ma\ therefore be determined accurately under these con 
ditions forhigher levels repeat the anal} sis with a smaller portion of filtrate 

Interpretation. The amino acid nitrogen content of whole blood as 
determined by this method ranges from 5 to 8 mg per cent A slight in- 
crease is noted after the ingestion of protein foods but no significant 
change is found in fasting High talues hate been obserted m uremic 
nephritis although a remarkable constancy is observ ed in most pathologi- 
cal conditions Increases hate, hotteter, been noted in leukemia and par- 
ticularly in acute y ellow atrophy of the lit er Insulin markedly reduces 
the amino acid content of blood Plasma at erages around 4 to 5 mg per 
cent, with serum slightly higher according to MacFady en, 72 this increase 
is due to release of ammo acids during clotting The concentration of 
ammo nitrogen in corpuscles is about twice that of w hole blood Of natur- 
ally occurring interfering substances, glutathione is of chief significance, 
since this substance is present largely in the corpuscles, interference from 
this source is minimized if plasma (or an “unlaked” blood filtrate 67 ) is 
taken for analysis Unc acid at a concentration of 1 mg per cent gi\es 
color equi\ alent to 0 1 mg per cent ammo acid nitrogen , 69 correction may 
be necessary on bloods with high unc acid content The sulfonamides also 
interfere if present, a free sulfonamide lei el of 10 mg per cent being 
equi\ alent to 0 8 mg per cent ammo acid nitrogen, 69 correction may also 
be applied here Despite these limitations, the method is considered to be 
reliable and satisfactory for blood analy sis 

Other Methods. Other colonmetnc methods are not as satisfac- 
tory as the one desenbed here Gasometnc methods include the classical 
nitrous acid method of Van Slyke, 73 which is based upon the measurement 
of nitrogen liberated from a ammo acids on treatment with nitrous acid, 
and the gasometnc mnh} dnn method of Van S’y ke and Dili on , 74 in a inch 
the carbon dioxide liberated from the carboxyl group of a-amino acids 
on boiling with mnby dnn is measured For descnption of the ninhy dnn 
method as applied to the determination of the amino acid content of 
unne, see Chapter 31 Microbiological methods for the determination of 
indixidual ammo acids are desenbed m Chapter 33 

DETERMINATION OF GLUCOSE 
Introduction. The majonty of methods for the determination of 
blood glucose are based upon the ability of glucose in hot alkaline solu- 
tion to reduce certain metallic ions, of which the cupric and fcrncyamde 
ions are most commonly used 1 he extent of reduction is then established 
by colonmetnc, titnmctnc, or gasometnc methods Methods mi olung or 


71 MacPadjeu J l?u>l Chem. 145 3S7 (1912) 

T *Se<« lan SljVe and Peters Q lanftialire Chnieal Chemutry l ol II (Methods) Baltl 
more W illiams and Wilkins Co 1932 

T * lan S!>ke and Dillon Proc Soc Ezptl Biol Med it 302 (1930 lanSIjke Dillon 
MaeFadjcn and Hamilton J Diol Chem Hi, 627 (1911) MacFadjen loc cU 
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including yeast fermentation," uhlle undoubtedly the moat specific for 
glutce, are not used routinely It has long been knoivn that there .MO 
reducing substances other than glucose present m bloml and that thje 
may occur in sufficient amount to increase considerably the aPP a ™ 1 
glucose aalue The term “saccharoid" lias lieell proposed to designate the 
non-glucose reducing fraction of blood « The c anous blood s-ugar methods 
differ in their spccificitj for glucose, and therefore tend to gne BhgtitlJ 
or eien significantly different saluc, for both normal and patho ogical 
blood In using a method, or in interpreting results obtained by it, par- 
ticularlj in the early literature, it is important to Know the relationship 
between the -values obtained b> the particular method and the true 
glucose” \alucs, as well as the \alucs obtained by other and P ossl *"J 
more specific methods It is al«o important to know whether the method 
emplojs \enous or artcnal (capillary ) blood, since this maj influence ® 
interpretation of results (*-ee p 577) Ilccause of the free diflusihihty o 
glucose lie tween red cells and plasma, distinction between the anal v sis o 
whole blood and plasma is relatively unimportant except for meth(Kl= 
which include the reduction due to eac< haroids, which are found chicnj 
in the red cells 


1 Method of Foltn and Wu 71 Principle The protein free blood filtrate is heat 
with alkaline copper solution using a special tube to pre% ent reoxidation The cuprous 
oxide formed ia treated with a phosphomolylxlic acid solution, a blue color being 
obtained which n compared with that of a standard 


Procedure 71 Transfer 2 ml of the tungstic acid blood filtrate (or 1 ml p' u * 

1 ml of water If very high blood sugar values are expected) to a Folm-" 0 

71 Bee Somogyi J Owl Chem 78, 117 (1928) \an Slyke and Hawkins W * } 51 
(19^9) Holden Owl IIS 347 (1937) Wmzler Science *9 327 (1944) 

71 Benedict J Biol Che m 92 141 (1031) According to Fasbcna (/ Biol Chem 
3o7 (1933) Fastens and fatiff ibid 1J7. 21 (1911)) the saccharoid fraction of norm* 1 
human 1 lood is accounted for almost entirely by glutathione and glucuronic acid 

77 Fohn and Wu J Biol Chem 41 307 (1920) Fohn {J Bxol Chem 47, 357 (19201 
82 83 (1929)) has cnticatly examined and improied this method to obtain a more accuM 
measure of true sugar and better proportionality between sugar concentration and co1 ° 
intensity The original Fohn Wu method is here described because it continues to b» r 
wide usage especially in hospital laboratories . , 

71 Reagents Required Standard Sugar Solutions Three standard sugar solutions ghoul 
be on hand (a) a stock solution 1 per cent glucose made up in saturated benzoic S*»d 
tion (t) a solution containing 2 mg of sugar in 1 ml (20 ml of stock solution diluted » 
100 ml with water) (c) solutions containing 0 2 and 0 4 mg of sugar in 2 ml made Vi 
dilation of (b) 'with water The dilute standards are best made up fresh a couple of time* 
week. Merck s highest purity dextrose is satisfactory , 

Alkaline Copper Solution Dissolve 40 g of pure anhydrous sodium carbonate in 
400 ml of water and transfer to a liter flask. Add 7 5 g of tartanc acid and when the la* IC 
has dissolved add 4 5 g. of crystallized copper sulfate Mix an 1 make up to a volume 
liter If the chemicals used are not pure a sediment of cuprous oxide may form in the 
of one or two weeks If tl is should happen remove the clear supernatant reagent with 
siphon or filter through a good quality filler paper The reagent seems to keep indefind* 1 ' . 
To test for the absence of cuprous copper in the solution transfer 2 ml to a test tube * n , 
add 2 ml of the molybdate phosphate solution the deep blue color of the copper shoo* 
almost completely ianuh In order to forestall improper use of this reagent attenti 
should be called to the fact that it contains extremely little alkali 2 ml by titration j 
the fading of the blue copper tartrate color as indicator) requiring only about 14 m 1 

normal acid 

Photphomolylxhc Acid Solution To 35 g of molybdic acid and 5 g. of sodium tungs‘*^ 
add 200 ml of 10 per cent sodium hydroxide and 200 ml of water Boil vigorous’)” l° T ' 
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sugar tube graduated at 25 ml (Fig 151) and to other similar tubes add 2 ml 
of standard sugar solutions containing 0 2 and 0 4 mg respective!} of glucose 
To each tube add 2 ml of the alkaline copper solution The surface of the 
mixtures must now have reached the constricted part of the tube Transfer 
the tubes to a rapidly boiling water bath and heat for 8 minutes Cool In 
running water without shaking To each tube add 2 
ml of phosphomolybdic acid reagent After about I 
minute dilute to the mark with water and mix It Is 
essential that adequate attention be given to this mix- 
ing because the greater part of the blue color is formed 
in the bulb of the tube Compare In a colorimeter using 
the standard which most nearly matches the un- 
known For photometric measurement, transfer the 
solutions to suitable containers and determine the 
densities at 420 mp, setting the photometer to zero 
density with a blank obtained by treating 2 ml of water 
with alkaline copper reagent, heating, etc , just as in 
the analysis of the blood filtrate 

Calculation For colon metric measurement use the stand- 
ard which most cloaelj matches the unknown and calculate 
as follows 


Reading of Standard 
Reading of Unknown 


X mg glucose m standard X 


100 

02 


* mg glucose per 100 ml blood 

\5nless the readings o! the standard and unknown are within 
a few millimeters of each other results obtained bj thi3 
calculation are somewhat incorrect because the color is not 
stnctly proportional to the concentration of gtucose Cor- 
rection of obsen ed blood sugar values 7 * may be of impor- 
tance w hen the a alues are near the critical levels correspond 
mg to hjpogljcemia and to the threshold range Instead of 
applying corrections it maj be advisable to emploj in place 
of the usual standards, standards containing 0 1 and 0 3 mg 
of glucose in 2 ml (corresponding to blood sugar values of 
5Q and mg per 4W) m\ respective^}) or to dilute to an 
approximate color match (using the graduated sugar tubes 
of RothbcrgnndEv ans) ,a prior to matching mthccolonmcter 

For photometric measurement onlj one standard and a blank arc required, and the 
calculation is as follows 



(Not Marked) 


Fic 151 I olin-R u 
Sugar Turn 


Penult} of Unknown 
Density of Standard 


X mg glucose m standard X -g-5 

mg gluro«e per 100 ml 


blood 


At 420 raft and in a 1-cm cuvette the densit} of the standard containing 04 rng of 
glucose, corresponding to 200 mg per cent of blood glucose 13 npproximatrh 0 300 
(Fig 152) Satisfactory agreement with Beer's law is found under these conditions up 


to 40 minutes so as to remove nenrlj the whole of the ammonia present in tho moljtxhc 
acid Cool dilute to about 350 ml and nd 1125 ml of concentrated (85 per ecntl phosphoric 
acid Dilute to 500 ml 

** 0*er and Karr (/ Biol CAcm 67, 31*) (l*)2ft)) have published tables and curves cor- 
recting for the deviation from Beer a law 

M Rothbcrg and Tv ans J Biol Chttn 5S 413(11)23) 
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to about 400 mg per cent blood glucose For higher -values or with deeper cuvette” 
carrv out the anal) sis u c ingle«s filtrate plus water to 2 ml and correct the calcula jo 
accordingly 



Vfcv»lengJi (rui) 


Fio lo2 Absorption Spectra of Colored 
Solltions Obtained in Folin \\ l Dlood 
Sugar Method 


For standards containing (a) 0.2 mg and (6) 
0 4 tng glucose Solution depth 1 cm 


Interpretation The normal range of fasting \cnous blood c u? ar 
■values bj thus method is 90 to 120 mg per 100 ml of whole blood Tbt- 
range is undoubtedl} “enhanced” to the extent of po««iblj 20 to 30 mg- 
per cent b> the effect of non glucose reducing sub-tanees (saccharoid=)» 
but the saccharoid fraction appears to be relativ el} constant and therefor* 
its presence does not influence undulj the interpretation of variations m 
blood sugar lev el as obtained bj this procedure Most of the earlv data 
the American hterature on blood sugar content were obtained bv 
method, but it is gradual!} being superseded by the more specific methodi 
described subsequent!} 

In mild diabetes values of 140 to 300 mg per cent are obtained, 
in severe diabetes values up to 1200 mg per cent have been noted 
Hypergl} cemia is also observed in severe nephritis pancreatic disease 
hyperthyroidism, and certain hepatic disorders Experimental!} , t h< 
administration of adrenahne and the induction of ether anesthesia l® 51 
to elevated blood sugar values Low blood sugar values are found aft*- 
the administration of insulin in such hypoendoenne disturbances a ; 
Addison’s disease, hypopituitarism cretinism and myxedema, and in tb< 
clinical condition known as hyperwsulini*m For carbohvdrate tolerano 
test, see p 579 


2 Method of Benedict " Principle The protein-free filtrate is heated with 
alkaline copper reagent containing tartrate alanine and bisulfite The reduced copl* - 
« determined colonmetneallj after treatment with pho-phomolybdic acid Th 
alkaline copper reagent used here is practically unaffected In the nonsugar redact 
mat^al, present m blood hence the method gives valoes drst.nctly lower than wit! 
the Folin W u method and presumal ly nearer the true glucose content The rcagea 
“ 81-0 adapted to the determ mat, on of tie nonsugar reducing value of blood (* 
original paper) b 


Beneotct J Bv* CKtm. «,H1 (1931) 
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Procedure 81 Place 2 ml of 1 10 protein free filtrate 83 in a Folln Wu sugar 
tube, and m a second similar tube place 2 ml of standard glucose solution 
To each tube add 2 ml of the copper reagent containing bisulfite Mix by 
lateral shaking, and place In a vigorously boiling water bath for 6 minutes 
Cool by placing in cold water for 1 to 2 minutes (avoid shaking at this stage) 
To each tube add 2 ml of color reagent, mix by vigorous lateral shaking, and 
after about 1 minute dilute with water to the 25 ml mark Mix the contents 
thoroughly by repeated Inversion, allow to stand at least 10 minutes, and 
read in the colorimeter or photometer within the next 30 minutes or so For 
colorimetric measurement, compare against the standard in the usual way 
For photometric measurement, transfer portions of the solutions to suitable 
containers and determine the densities in the photometer under the same 
conditions as described for the Folin Wu method, p 569 
Calculation Same as for Folm 1\ u method 

This procedure gives better proportionality beta een color and concentration than 
the Folin Wu method A standard glucose solution containing 0 2 mg of glucose 
equivalent to 100 mg per cent blood sugar is therefore suitable in colorimetric com 
panson for values up to 200 mg per cent blood sugar For higher levels use a stronger 
standard or less filtrate plus water to 2 ml In photometric measurement agreement 
with Beer s law is excellent tip to 500 mg per cent blood sugar at 420 m/i and in a 
1-cm cuvette For higher values or with a deeper cuvette carry out the analysis 
using less filtrate plus water to 2 ml and correct the calculations accordingly 

Interpretation Normal values on whole blood by this method range 
from 70 to 100 mg per cent blood glucose The interpretation of variation 
from the normal range is similar to that already presented in connection 
with the Folin-AVu method 

3 Somogyt Shaffer -Hartmann Method 84 Principle Hemolyzed blood is de- 
proteimzed with zme hydroxide giving a filtrate containing practically no reducing 
substances other than sugar The sugar is estimated by lodomctric titration of reduced 


** Reagents Required Copper Reagent Dissolve 15 g of anhvdrous sodium carbonate 
3g of alanine and 2 g of Rochelle salt m about 250 ml of distilled water Dissolve 3 g of 
crystalline copper sulfate in about 100 ml of distilled water and add tl is solution with 
stirring to the carbonate-alanine-tartrate solution Dilute to 500 ml and mix Keep in a cool 
I lace Tl is reagent will keep ready mixed from 4 to 6 weeks If after several weeks tl ere 
may be a slight growth of mold in the solution it may be removed at any' timo by pouring 
the solution through a loose plug ol absorbent cotton in a funnel lea vane the eff cicncy of 
the reagent unaffected 

1 Per Cent Sodium Buxlfile Solution Kept in a 100-ml dropping bottle The solution 
al ould be prepared fresh about once a month 

Copper Reagent Containing Bisulfite Measure into a cylinder a volume of the copper re- 
agent which will bo used up in one or two days and add 1 drop of the bisulfite solution for 
each ml of copper reagent or 1 ml of bisulfite for each 20 ml of reagent Mix Do not use 
after the second day 

Color Reagent To 150 g of pure molybdic acid and 75 g of anliy droua NaiCO« in a largo 
Trlenmeyer flask add 500 ml of water in small portions while shaking Heat to boiling 
kilter W ash residue on filter with hot water until filtrate plus was! ings equal COO ml Add 
300 ml of 85 per cent lliPOi cool and dilute to 1 liter 

Standard Cli cose Solution Seo footnote “8 p 508 

•* Benedict uses a tungstomoly bdate filtrate (Benedict J Bud Chem VI 135(1931)) A 
1 olm V\ u fltrato may also be used 

** Somogyn J Biol Chem 86 055 (1930) 70 599 (10°0) Urea creatinine mid creatine 
may also be determined in the xinc filtrate but only traces of uric aetd are found Lower 
but sigmfeant values for nonprotein nitrogen may be obtained ( J Biol Chem 87 339 
(1930)) For an unproved procedure euitabte for colorimetric as well as titrlmetric de- 
termination boo Somogyn J Bud Chem 160 01 09 (1945) 
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copp „ l>r«,p.tst,»» o t the pro, c,o "* ■’ ” ’ h ' 

SSrf .hole blood end » better for plasms or »eram 

Procedure (a) DeroorriMrATioN I ske 1 z° so^TH.o'mu' A ddvrftlt 

wqtvv Add 1 volume of 10 *“'“*^, 8.^“ «"e Bo.k, .hr** well 

continuous shaking 1 volume of ‘ paper For accurate work 

and filter after a few minutes ,h ™ u| * ^ ®“ rat ^ « to contain” and rinse 
measure the blood with on Ostwald rlpet “" b ” „, th g volumes of water 
with the faking water For serum or pi * ! ' ,her pr ordure for whole 
and add 0 5 volume of each of "h " 1 ^ J “f ZnSO. 711.0 

blood ,s to add 8 volume, of an acid alnc solution ( * volume of 

and 125 ml of 0 25 h II, SO. with water to make 1 liter) » th e 

0 75 N NaOII Shake vigorously nnd filter aCeta f I to give a 

acid zinc solution should require 6 7 to 6 » of as be |ow For 

permanent pink with phenolphthaleln " . [n 6 m r g„k581»l 

microtechnique Introduce Into a test tube or 2 plpet'rlnslnS several 

of water add 0 2 ml of blood from an accurate capillary plpet.rin w 
lie, with the taking water Ml, Add 1 ml of. ^“Jw.B. 
MU Add with continuous shaklnft 1 mi of 0 (Schleicher and SchOH 

and filter after a few minutes through a dry thin P P ( peter 

No 597,70 mm) Use 5 mi of filtrate equivalent to 0 125 ml of blooG 
mine sugar by procedure described 

<bl Detfrmisatios or StrOAU. Measure 5 ml of the copper 
large (25 X 250 mm , and add 5 ml of the “"^i" . 

log not less than 0 1 nor mote than 2 0 mg of glucose Sh ke a d g ee p In a 
covet the tube with a small lunnel, bottle cap, or glass bulb, and , 

boiling water bath lor 15 minute. Cool (avoid shaking) by qrlaelng J 

low dish ol water until the temperature fall, to 35 to 10 G < n °' ‘ ' Clll0 is 

Add 1 ml of 5 N 11, SO. (or equivalent amount) and see ,h ** “ u G 
promptly dissolved Avo.d teosldatlon ol reduced copper or 1 " , ‘ dl „m 
too vigorous agitation Alter about 2 minute, titrate with 0 005 h«o ruo 
thiosulfate using starch as an indicator toward the end of the titra 
a blank on 5 m! of reagent after heating with an equal volume of water 

Calculation From the blank titration sut tract the titration of the . Dg 
Tins gives ml of tt msulfatc required For the glucose equivalent consult tnc » , 

tabic which applies to the usual 1 10 dilutions of blood For other cases tn 
amount of glucose in the 5 ml of solution used for the determination is obtai 
di\ iding the value in tl e taV le by 200 


»* Somogyi J Bid Chem SO 725(1931) Lake 1 volume of blood in 7 volumes j vo l 
Add 1 volume of 7 per cent CuSOi 5HiOandnnx Then add with continuous ebaw s r 

ume of 10 per cent NaiWO 2HiO Stopper the flask. Shake well Filter through n 
paper after a few minutes For plasma or 6erum use the same procedure but use v* 
copper sulfate and 0 per cent sod urn tungstate solut ons ,,,r.ted wi th 

»• 10 ml of the zinc sulfate t* lution diluted with CO ml of water and slow'y m 
the N aOll should re<iu re 12 to 12 2 ml for a permanent pink with plienolphtha ^ 
*t Copper Reagent Dissolve 12 g of llocl elle salt 20 g- of sod um carbonate (a n g_5g 

and 25 g of sodium bicarbonate in about 500 ml of water Into this poor with stir . ti3 - 
of copper sulfate (crystalline) dissolved in about 100 ml of water Dissolve 10 g 0 *sl» w 
stum lod de 0 80 g (weighed to eg ) of potass um todate and 18 g of potaasiu 
in about 200 mL of water Add to the main solution and d lute to 1 liter a y ox t' r< ’ 
ThiotuIfaU For preparation of 0 1 Is solution see Appendix D lute this every ° a z 
as needed to 0 005 Is filtrate* ° r 

*• Strongly acid sugar solutions must be neutralized to phenol red For above 
tungstic acid filtrates tins is not necessary 
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Amounts of Glucose Corresponding to Titration Values When 5 ml 1*10 
Blood Filtrate and 5 ml Copper -Reagent (Modified) Are Heated 
in Water Bath for 15 Minutes 


Milliliters 


Tenths 

f 1 ml of 0 005 A r Sodium Thiosulfate 


of 0005b 
Thio~ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

sulfate 




Mg Glucose m 

100 ml 

Blood 




0 



21 

23 

26 

29 

31 

34 

36 

39 

1 

41 

44 

46 

49 

51 

53 

56 

58 

61 

63 

2 

65 

68 

70 

72 

75 


KTil 

82 

84 

86 

3 

89 

92 

94 

97 

99 

101 

103 

106 

10S 

110 

4 

113 

115 

117 

119 

121 

124 

126 

128 

130 

132 

5 

135 

137 

139 

141 

143 

146 

148 

150 

152 

154 

6 

157 

159 

161 

1G3 

165 

16S 

■Hil 

172 

174 

176 

7 

179 

181 

183 

185 

187 

190 

192 

194 

196 

199 

8 

20L 

203 

205 

WVrM 

ETTil 

212 

214 

21G 

218 

221 

9 

223 

225 

227 

230 

232 

234 

Ena 

239 

241 

243 

10 

245 

248 

250 

252 

254 

256 

259 

261 

263 

265 

11 

267 

270 

272 

274 

276 

279 

281 

283 

285 

288 

12 

290 

292 

294 

296 

299 

301 

EUl 


308 

310 

13 

312 

314 

31G 

318 

321 

323 

326 

328 

330 

332 

14 

334 

337 

339 

341 

343 

345 

347 

350 

352 

354 

15 

35G 

359 

361 

363 

365 

307 

370 

372 

374 

376 

16 

378 

381 

383 

386 

38S 

390 

392 

394 

396 

39S 

17 

400 











Interpretation. Normal values by this method range from 70 to 
100 mg per cent and arc presumably -very close to the true glucose values 
The specificity for glucose appears to reside in the method of deprotemi- 
zation, since filtrates prepared as described may* be analyzed for glucose 
by the Fohn-Wu or Benedict colorimetric methods to give results sub- 
stantially identical with those obtained by* the ShafTer-Hartmann lodo- 
metnc titration For the principle of the Shaffer-Hartmann procedure, 
see Chapter 31 

4 . Nelson-Somogyt Method ** Principle. Blood is deprotemized by a zinc 
h> droxidc-banum sulfate procedure which gives a filtrate containing practically no 
reducing substances other than glucose The zinc-banum filtrate is heated with an 
alkaline copper reagent and then treated « itb a special arsenomoly bdate color reagent 
The color det eloped is compared with that obtained from a knon n amount of glucose 

Procedure .•<• (a) Detootelmzation Place 1 ml. of blood In a 50-mi. flask. Add 
9.5 mi. of barium hydroxide solution, mixing by rotation. Add 9.5 ml. of 


M Nelson J Biel Chen 153, 375 (19H), Somogyi 5 Chen., Ibft, G2 (1945) 

Adapted by permission from the official procedures of the American Association of Clinical 
Chemists. 

’* Reagents Required Barium Hydrozitle Solution Dissolve 90 g of Ba(On)*SlIjO m 
distilled water and dilute to 2000 ml in a graduated cylinder I liter if cloudy Store in well- 
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z,„c sulfate solution, nt.tlni by rotation Shalt* porously and filter on a 
dry Otter rape*, eollectinfl the filtrate In i djtot barIuro .rI„c filtrate 

- 

„by tapplnd cover the top of the tube with a marb ‘ ^, tr “« room 

hnlllntf water bsth for 20 minutes Cool by placing th f rnlx 

Mature for 1 minute Add 1 ml 

me by tapplnfi then ddutc to 10 ml ulth distilled uater'lU bylnrer. ^ 
Compare In a colorimeter against a simultaneously r P OT ) 

talned bv treating 0 5 ml of standard glucose solution (sec too 
exactly a. described for the blood filtrate For pboMamtlte m, of 
prepare a blank by carrying out the procedure a. described on 0 5 m ^ 
water Set the photometer to zero density with the blank, a 
optical densities of standard and unknown at 510 me 

Calculation for colonmrtnc v ea* urn ml cnlculatr as follows 

Reading o f standard ^ eluco-c in stan lard X 

Heading of Unknown ^ r1uco . c ^ 10 0 ml blood 

It is convenient to set up three standards covering low normal and high % *J U ^ 
blood glucose as follows 1 containing 0 012o mg gluco-e for low values n 
taming 0 025 mg glucose for normal values III, containing 0 OoO mg * ,uco . j. 
high values The unknown is then compared against the stan dard it most 

stoppered containers filled to capacity , . „ . . . 2000 nl 

Zinc S ulf ale Solution Dissolve 100 g of ZnSO« 71IiO in distilled water dilute to 
m a graduated cjlinder and mix. Stalle indefinitely rheck h> 

It is most important tl at these two solutions exactly neutralize each oil er V . . Jle d 
measuring 10 ml of zinc sulfate solution into a flask diluting with about 50 ml o> 
water add 4 drops of pi cnolphthalein solution and titrate with the barium i y 
solution slowlj and with constant ehakmg until 1 drop of alkali turns the mixtur p ^ 
If it requires more or less than 10 00 ml ± 0 05 ml of banum h> droxide dilute on ^ 
other solution as required and cl eck again Continue until the two solutions * r Vj s ,j lf ne 
equivalent Protect tl e barium hydroxide solution in the dispensing bottle with a 
tube in the stopper and test both sr lutions oceasi nally 1 > making a trial filtrate on 
Satisfactory solutions will give a clear filtrate wl lcl fitters rapidly and shows lit 
ency to foam innate 50 

Alkaline Copper Reaoent Solution A Dissolve 50 g of anh> drous sodium carbo (0 

g of Itocl elle salt 40 g of sodium bicarbonate and 400 g of anhydrous sodium e a t 

about 1C00 ml of distilled water and d lute to 2 liters Mix and filter if not clear » 
room temperature If a sediment forms m a few days filter again Solution B Ltisso 
g of CuSO* 51IjO in dist lied water and d lute to 1 liter Add 0 5 ml of concentrate^ ^ 
func acid and mix. Alkaline Copper Reaoent On the day it is to be used place 
Solution B m a 100-ml graduated cy finder d lute to 100 ml with Solution A tt“ ™ ^ j 0 { 
ArsenomolyMate Color Pcaoenl Dissolve 100 g of ammonium molybdate in 18 0 f 

distilled water Add 84 ml of concentrated sulfuric acid with stirring Dissolve 
disodium ortl oarsenate (NatHAsO* 7 HjO) in 100 ml of distlled water and ad * „ C 

stirring to tl e acid fied molybdate solution Place the mixture in an incubator a . y e 

for l to 2 da> s Store in a glass-stoppered brown glass bottle This solution should be 
indefinitely i 00 g 

Standard Glucose Solution* Prepare a stork standard by dissolving exactly ‘ ^j 0 

1 ighest purity an! y drous glucose in about 10 to 15 ml of 0 2 per cent benxo c t j,e 

tion transferring quantitatively to a 100-ml volumetric flask diluting to the mark ^ 

benzoic acid solution and mix ng ThLS solut n is stal le indefinitely and contains „d 
of glucose per ml Standard I (0 0125 mg. glucose per 0 5 ml ) is prepared by diluting j- or 
of the stock standard to 200 ml with 0 2 per cent bonzo c acid solution sod mi** , ^ 
Standard II (0 02o mg glucose per 05 ml ) dilute 1 0 ml of stock standard , lu , e o0 

describe 1 for Standard I and for Standard III (0 OoO mg glucose per 0 5 ml ) <* « ut j 0 n 

ml of stock standard to 200 ml Tl ese d lute solutions in 0 2 per cent benzoic acid 
keep indefinitely at room temperature 
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matches The calculation can be simplified as follows 


Rea ding of Standard 
Reading of Unknown 


X / = mg glucose per 100 ml blood 


where / is a factor with the following values for standard I, 50, for standard II, 100, 
for standard III, 200 


For photometric measurement the calculation is as follows 


Density of Unknown 
Density of Standard 


X mg glucose in standard X q 

= mg glucose per 100 ml blood 


A standard containing 0 025 mg of glucose is satisfactory for blood samples contain- 
ing up to 350 mg per cent blood sugar VV ith this standard the calculation simplifies 
to 


Density of Unknown __ 
Density of Standard X 


mg glucose per 100 ml blood 


For samples containing more than 350 mg per cent blood sugar, repeat the analysis 
using a smaller aliquot of filtrate plus water to make 0 5 ml and correct the calcula 
tiona accordingly The colors obtained by this method are said to be stable for more 
than 24 hours 


Interpretation. Normal values on fasting \enous blood by this 
method range between 65 and 110 mg per 100 ml of whole blood, with 
an average value of 85 mg per 100 ml The interpretation of -variation 
from the normal range is similar to that already presented m connection 
with the Folm-Wu method 


5. Micromethod for Glucose in 0 1 Ml of Blood ( Folm and Malmros) »» 
Principle The sugar is oxidized with alkaline potassium femey nmde and the ferro- 
cynnide produced is measured colonmetrically or photometrically after com ersion 
to Prussian blue 


Procedure With an accurate 0 1-ml plpet” collect 0 1 ml of blood and 
transfer It to 10 ml of dilute tungstic acid* 5 In a centrifuge tube Stir well and 


" Folia and Malmros J Biol Chem 83 115(1929) Folin J Biol Chem 77,421(1923) 
See also Horvath and Knehr J Biol Chem 140 869 (1941) For a method based Upon 
titration of the ferrocy anide formed using ceric sulfate see Miller and 1 an Sly he J Biol 
C hem U4 5S3 (1936) M&cFsulyen and Van Slyke rfxd 149, 52. (1943) See also the 
Hawkins and Van Slyke method Chapter 31 

* s A capillary pipet about 7 cm in length per 0 1 ml calibrated to contain using mer- 
cury (0 1 ml weighs 1.355 g) Sold by dealers in laboratory supplies 

” Dtlute Tungstic Acid Solution Transfer 20 ml of 10 per cent sodium tungstate to a liter 
volumetric flask Dilute to about 800 ml Add with shaking 20 ml of ^ V sulfuric acid and 
dilute to volume 

Potassium Femcyanide Solution Dissolve 2 g of c p potassium ferncy anide in distilled 
water and dilute to a volume of 500 ml Keep the major part of the solution xn a brown bot- 
tle in a dark closet Keep the reagent in daily use also in a brown bottle 

5oditm Ci/anuie^Carbonale Solution Transfer 8 g of anhydrous sodium carbonate to a 
500 ml volumetric flask Add 40 to 50 ml of water and shake to promote rapid eolation 
With a cylinder add 150 ml of freshly prepared 1 per cent sodium cy anide solution dilute 
to volume and mis 

Feme Iron Solution Fill a liter cylinder mth water Suspend on a copper wire screen 
lust below the surface 20 g of soluble gum gbatti and lea\ e overnight (IS hours) Remove 
the screen and strain the liquid through a double layer of a clean ton el Add to this extract 
a solution of 5 g of anhydrous ferric sulfate in 75 ml of 85 per cent pho*pl one acid plus 
100 ml of water Vdd to the mixture a little at a time about 15 ml of 1 per cent potassium 
permanganate solution to destroy certain reducing materials present in gum gbatti The 
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centrifuge, Transfer 4 ml - *. 

graduated (with a ring going all around) at 25 ml. I add 2 ml. of the 

ard sugar solution to another similar tube. To each tube an ", ar . 

0 4 per cent potassium ferrlcyanlde solution and 1 ’ . . „ an d cool 

b'onate solution. Heat immediately In "f'h/ferrlc lion solution and 

- - 30 

"r/c'Lrimetrlc comparison, half « the m’ ’al'»S 

colored standard, set the two plunger. at * L'I.aJL, the position 

opening of the light box with the picric acid llghl ^filter. _ A . I P , ooV 

„? the colorimeter and of the mirror * *" until h. ec . 

exactly alike. The adjustment Is easier If the colorimeter Is^ 

plate glass polished on one side and roug o r* the unknown Into the 

Sup and plunger with the unknown solution and pour the unknown 
cup to a suitable height. Compare In the usual way. -ultahlc con- 

For photometric measurement, transfer the solution, to sulta 
talners and determine the densities In a photometer at 520 m*. S 
photometer to rero density with water alone, rather than use a b 
below). 

Cam ui atiov f or colorimetric measurement 

Heading o! Standard x004 x iP x 152 =. m g glucose per 100 ml Mood 

Heading of Unknown 4 0 0 1 

The proportionality between color and concentration la excellent in thn * 

that readings between 5 and 40 mm may be accepted, with the standard at - • y 

perfect equality as to light and color is obtained If the blood glucose coneentrai 
over 100 mg per cent, repeat with 2 ml of filtrate plus 2 ml of water, and m 
the results by 2 

For photometric measurement 

Dra-tty of Unknown x 0 01 X ~ X j?? . ,„ B glucose per 100 ml blood 
Densitj of Standard 4 0 0 1 

At the wavelength specified and in a 1-cm cuvette, the stan dard corresponding 

slight turbidity of the solution will disappear completely if kept at 37° C for a *■* j, 3 tti 
The use of Duponol a synthetic detergent has been recommended in place of gu Kne | ( r 
(Klcndslioj and Hubbard J Lai, f hn Med 25. 1102 (1939 1940) Horvath and ft 

Standard Glucose Solution The working standard contains 0 01 mg of glucose P* 


(see footnote 78 p 508) # _} u cos* 

•* Heating for 20 minutes instead of 8 minutes to ensure complete oxidation a* ^ 
has been recommended by Jourdonais J Lab Clin Med 23, 847 (1937— lw-W « 
Horvath and Knehr toe cit . , n ceo* 

** Dissolve 5 g of picric acid in 100 ml of methyl alcohol and add 5 ml ol 0 (ft! 
NaOll Hace a pack of 8 to 10 heavy absorbent filter papers (Schleicher and Schull ^ t f,e 
is good) on a level and smooth mat of newspapers I’our the acid picrate t0 <Jry 

filters until the papers are saturated and an excess of solution filters through Aim _. n |fl 
y, hen perfectly dry pour over the pack an excess of a 3 per cent solution ol P® n< j wr of 
benzine Allow to dry All papers should be evenly stained Cover the light box * jj per 

the colorimeter lamp with Btained paper Test the efficiency by comparing water an { 

cent potassium ferncyanide solution both set at 20 min Adjust the colorimeter so , ^ 
two fields look alike If the filter is inadequate equality of the fields cannot be out ^ 

‘.rong light is necessary A filter in the form of a glass disk to be put on top of t ^ 
ia> be obtained from the Klett Manufacturing Co New York See Tauber J 
led 15. 700 (1930) 
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100 mg per cent blood glucose has a density of about 0 250 permitting accurate 
measurement up to about 400 mg per cent blood glucose For higher \alues or with 
deeper curettes use 2 ml of filtrate plus 2 ml of water in the analysis and multiply 
the results by 2 With well prepared reagents the blank should have a density of less 
than one-tenth that of the standard given m the presence of a blood filtrate the blank 
densitj is even less and better agreement with Beer’s lavr is noted if the blank is 
neglected and the photometer set to zero density u ith water alone as described *• 

Interpretation. Normal values by this method range from 75 to 
105 mg per cent blood glucose It must be noted that, if fingertip blood 
is used, this type of blood is essentially arterial, and resembles \enous 
blood onlj m the fasting state Thus during absorption or m a glucose 
tolerance test higher glucose values will be obtained on fingertip blood 
than for venous blood, although the reverse maj obtain in sev ere diabetes 
For further interpretation, see p 570 

6 Determination of Sugar ( Method of Hagedorn and Jensen) ” Principle 
The blood protein is precipitated with zinc hjdroxide The filtrate is heated with 
potassium ferricy amde solution and the amount of femc> amde reduced is determined 
by adding an iodide solution and titrating the iodine set free w ith sodium thiosulfate 
The principal reaction is 2H,Fe(CfN)« + 2HI *= 2H«Fe(CN)i + Ij The reversal of the 
reduction reaction is prevented b> precipitation of the ferrocj amde fonned as a 
zinc salt 

Procedure •* Into a test tube (|5 X 150 mm ) pipet 1 ml of 0 1 N NaOH and 
5 ml 0 45 per cent zinc sulfate solution A gelatinous precipitate of zinc 
hydroxide forms 0 1 ml of blood from a capillary pipet" is introduced, the 
*® Unpublished results of Summerson and Robinson 

” Hagedorn and Jensen Biochem Z 135 46 (1923) and 137 92 (1923) For critical stud 
les of this method with suggested improvements see Tobn and Malmros J Biol Chem 83 
121 (l0 o 9) Kramer and Steiner Biochem J 25 161 (1931) 

** Reagents Required For Protein Precipitation 0 1 A A aOH — Zinc sulfate 0 45 per cent 
These solutions are best prepared every eight day s by dilution of 2 N NaOH and a nnc sul 
fate solution containing 4o g of the salt in 100 ml of solution For Sugar Determination 
Potassium fcrrtcyamde 1 65 g and sodium carbonate (fused) 10 6 g in 1000 ml of water 
Protect from light J odide-sulfate-chloride solutions KI 5g zinc sulfate 10 g NaCI 50 g 
water to insb 200 ml It is best to prepare the solution without iodide and add the latter to 
portions of the solution as required Free iodine can be almost completely remov ed by filter- 
ing through thick paper The blank will take care of smaller errors Acetic acid solution 3 ml 
of acetic acid (iron free) with water to make 100 ml Starch solution 1 g of soluble starch 
dissolved m 100 ml of saturated NaCI solution Sodium thiosulfate solution 0 ~ g sodium 
thiosulfate in 500 ml of water 0 OOo A Potassium t odate This solution is permanent and is 
Used to c) eck the thiosulfate and ferncy amde solutions which keep less well It alone need 
therefore be prepared very accurately Dissolve O 35C6 g potassium todftte (water free) m 
water to make £000 ml 

Chemicals of 1 lghest purity must be used Sodium carbonate is best recry stalhzed and 
fused in platinum Vcetic acid should be tested for iron as should also the nnc sulfate 
sodium chloride and potassium iodide The iodide should also be tested for lodate Ordinary 
quantities of the mixed solutions will then give no test for iodine with starch but will pic n 
test if 001 ml of ferncy amde is added Potassium femeyamde is prepared tv wasting 
cry «tals of the ordinary product with water dissolv mg in w ater with heat and filtering the 
boiling solution through paper previously earef illy washed with boding water into an 
evaporating dish set in ice-cold water Tl e fine crystals are filtered off with suction on 
another washed paper and again recry stall ized Dry at 50° C Keep away from sunlight 
during course of preparation 

** The length of t) e 0 1 ml pipet from tl e lip to the mark should be about 10 to 12 cm 
and over-all length about ~0 cm Calibrate as follows V\ ith tl e pipet measure out 0 1 ml 
of 0 1 N pot as. i mi lodate solution into 10 til of water Vill acid and Kl solution in tl e 
Ut ud way and titrate witl 0 02 N tl losulfnte ‘tone of tl e san e lodate solution i* then 
dilute I to 0 02 N and exactly 20nl of this in 10 nil of water titrated with the same thio- 
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plpet bclnji we,hed out twice with the mlttute pud '“^dfamet" h 

“";,To^ 

w ,th 0 005 N sodium thiosulfate, using as an »n d ^ator i orops 

solution of soluble starch In saturated ^lumch lorlde .* >lu l ^ , boI e 

SUtollo.. 200 - B -r(ml 0005 K toncj.n.de rrduccd 00 ud of 
to anide are reduced b> 0280 ms ol Eh.ccwc Therefore m B per cent pieces, 

X^XIOOO 

Interpretation. Simtlar to previous method 
Muailitem 0 003 N NaiSiOi Hero o« Mn.u«nta«» Ou.co»e P«c«vr^_ 
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7. Manometric Methods for Reducing Sugars 


i See origin al paper *^^ 

sulfate u before The two titration* should agree within experimental error (about 

ent) if the pipet is accurate . ac*® 

'** Acetone and 0 1 ydroxybutyric acid do not reduce tl e reagent One mg reduct*'’ 0 

jvea a reduction equal to tl at f O 53 mg of glucose and 1 mg of creatinine » 

•qual to 0 47 mg of glucose 

»« \an fcljke and Jlawluns J Bu>l Ch*m 7S 73.4 (1928), 83, 51 (1920) 
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CARBOHYDRATE TOLERANCE TEST 

Principle. Blood sugar is determined at hourly penods following the ingestion, of 
1 g. of glucose per kilogram of body weight. Urinary sugar for the 24-hour period 
follow mg the ingestion of the glucose is also determined. 

Procedure. The first thing in the morning, collect a specimen of urine and 
one of blood to serve as controls. Then give the patient I g. of glucose per 
kilogram of body weight. The glucose may be given in 50 per cent solution. 
Collect three or four specimens of blood at hourly intervals and analyze for 
sugar. Following the taking of glucose collect a 24-hour specimen of urine 
and determine its sugar content. Brill 105 and others have proposed the use 
of a test breakfast instead of the glucose meal. 

Interpretation. In normal individuals, blood sugar rises from the 
normal value of about 100 mg. to about 150 mg per 100 ml. at the end of 
the first hour, and returns to normal by the end of the second hourly 
period. In pathological conditions, the curve does not follow the normal 
course. Hyperthyroidism, diabetes mellitus, and nephritis show much 
greater values, depending on the severity of the disease, and the return 
to normal is delayed for three hours or more. The higher sugar concentra- 
tion in the blood during the test may or may not be accompanied by 
glycuresis, depending upon the “threshold point” of the kidney. In 
diabetes the threshold point is usually, and sometimes markedly, in- 
creased above its normal range of 160 to 180 mg per 100 ml. In hypoendo- 
crine conditions, in which the blood sugar is low ordinarily, the curve of 
blood sugar during a tolerance test is quite flat. Wherever possible, it is 
better practice to obtain quarter-hour specimens of blood, during the 
first hour. This provides more information concerning the general nature 
of the curve and the height of the peak. John 105 believes that a diagnosis of 
diabetes is justified if the curve remains high after three hours, irrespective 
of the height to which it has risen. Petty and Stoner 104 on the other hand 
regard the criterion as a rise above 180 mg. They base their claim on 
simultaneous determinations of respirator}' quotients, which show very 
slight rise in diabetics, but follow the sugar curves in normal individuals 
and in renal glycosurics. In nondiabetics the peak of the curve is usually 
between one-half and one hour, while in diabetics it is nearer two hours. 

It has been shown by Foster 104 that carbohydrate tolerance tests con- 
ducted on finger blood, which is practically arterial, give higher and 
sharper curves than tests of venous blood collected simultaneously. It ap- 
pears that some of the glucose of arterial blood is removed and oxidized or 
stored as glycogen by the tissues The various mechanisms for glucose 
utilization appear to be stimulated to overactivity, since the blood sugar 


*•* BnJI J. Lab C7.n. Med , 8. 727 (1923). 

»•* John- Am J . .Vfeii. Srt . 1W. 102 (1925) . J. .UrtoSofvc Research, 1 . 497 (1922). 
i*« p c tt> and Stoner: Am. J. Med Sex . 171. S42 (1926). 

1,1 Uamman and Hirschman Arch. Internal Med , 20 . 7C1 (1917); Bailej Arch Interna ! 
Med , 23. 455 (1919); Williams and Homphre> s: Arch. Internal Med , 23. 537, 546, 559 
(1919); Alien, Stillman, and Fit*- Monograph of the Rockefeller Institute for Medical Re- 
search, Jso II, 1919, Macleod* Phyttol. Rett . 1, 20S (1921); Foster. J. Biol Chem , 55, 
291, 303 (1923); Du Vigneaud and Karr: J. Biot. Chem, *6. 2S1 (1925); Hutdnrd and 
Wnght: Clifton Med Bull., 12 , 155 (1926); Rnbinosritch: Bril. J. Ez-ptl. Path.. 8, 76 (1927). 
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curve frequently falls below its initial level Tor further discussion of the 
application of sugar tolerance tests consult papers by Jlamman an 
Hirschman, Hubbard and Wnght, Baile>, Williams and Ilumphr J 
Allen, Stillman and Fitz, Rabinouitch, Maclcod, Foster, and du Vignea 
and Karr (See references in footnote 103 ) 


DETERMINATION OF CHOLESTEROL 
Introduction. The cholesterol of blood is pre c cnt in the form of 
both free cholesterol and cholesterol esters In the plasma both free an 
estenfied cholesterol is found , in the red cells only the free form app® 3 
to be present Plasma is preferred to whole blood for analysis, sine 
pathological vanations in the amount and in the distribution betwee^ 
free and ester forms occur largely in the plasma fraction Tree cholestcro 
is best determined by precipitation and isolation as the insoluble dig* 
tomdc, the precipitate may be weighed, or treated with a cholesterol co or 
reaction, or otherwise determined Total cholesterol is most accurate J 
determined in a colonmetnc procedure after preliminary saponification 
to liberate ester cholesterol from combination, since free cholesterol 3n 
ester cholesterol may give different color intensities per unit amount o 
cholesterol present Many methods which do not involve saponification 
have, however, been proposed, as discussed below 


I. Method of Schoertheimer and Sperry ,l1 * Principle. An acetonc-alc<A° 
mixture is used to precipitate the proteins and extract the choJestcrol and cholester® 
esters from the sample of whole blood or (preferably) plasma or serum The cholester 0 
is precipitated with digitomn, cither before saponification (free cholesterol) or 
saponification (total cholesterol) and the separated digitonide is punfied and 811 
lected to the Licbermann Burchard color reaction The color is then compared wlt 
that produced by a standard cholesterol solution 


Procedure Place approximately 10 ml of the acetone-alcohol mixture i' 


a 25-ml glass stoppered volumetric flask and add I ml of serum or plasPi® 
down the side of the flask below the graduation After withdrawing the plp ef ' 


>«• Bchoenheimer and Sperry / Biol Chtm 106 745 (1934) Sperry Am J Cl' n Pffj 
S Tech Suppl 2 91 (1938) Sperry (personal communication) Sec also Fitz J 
Chtm 109 520 (1935) Sobel and Mayer J Biol Chtm J 57 , 255 (1945) The antf? 
Schoenheimer-S perry method is a raicroprocedure requiring but 0 2 ml of sample * 
procedure described here is a slightly modified version which uses a larger sample req«m£ 


less technical skill and has been found satisfactory Tor "routinT use in several laboratory 

*** J ‘" J * ' " e of absolute ethyl *' c ° 


17 Reagents Required Acetone Alcohol Mixture Mix 1 volume o 
with 1 volume of redistilled acetone 

DwSmm Solution Dissolve 400 mg of digitonm (Hoffman LaRoche N Utley N J * 
S B l'e nick and Co 50 Church St New York N Y ) m 100 ml of distilled water F» le 
or centrifuge just before use if not clear (tl 

tO Per Cent Acetic Acid Solution Dilute 1 volume of glacial acetic acid to 10 volume- *»* 
water and m*”’ 


/lertone Ether Miztur 


. . e To 1 volume of redistilled acetone add 2 volumes of peroxide- 

ether and mix To prepare peroxide-free ether wash ordinary ether with sodium 


followed by water and distill from calcium chloride „ 

-MM. 10 , of coiuuon. hyd>o*‘f |b . 

er Store in a bottle equipped with a med cine dropper earijing a rubb ? j and 


20 pk 7 " "’li*"' f» u *t»peu wun a med cine dropper carry mg a ru»^--- 

Phenol pfuhalexn Solution Dissolve 1 g of phenol phthalein m 95 per cent alcohol 
ddute to 100 ml 


\ cr \'' P^ty anhydrous product l facial ) may be used 

Acetic Anhvlridt Sulfuric Acid Beagent Just before needed place 20 ml of »c ct,c * 
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swirl the flask to produce a fine!} divided precipitate, then immerse the flask 
in boiling water, with swirling to prevent bumping, until the solvent bolls. 
Remove, cool to room temperature, and make up to volume with the alcohol- 
acetone mixture. Stopper, mix thorough!}, and pour onto a dr} filtei, collect- 
ing the clear filtrate In a dry test tube. Cover the funnel with a watch glass 
during filtration, to minimize evaporation of solvent. 

Precipitation of Free Cholesterol. Transfer 6 ml. of filtrate to a 15-xnl. 
centrifuge tube, add 3 ml. of digitonin solution, and I drop of 10 per cent 
acetic acid solution. Place a stirring rod in the tube and stir thoroughly. 
Place the tube, together with the stirring rod, in a pint or quart size pre- 
serving jar, cover the jar tightly, and allow to stand at room temperature 
overnight. In the morning, transfer the tube and rod to a test tube rack and 
stir gently to free particles of precipitate which may have adhered to the walls 
of the tube. Remove the rod carefully without touching the upper part of 
the tube and place it aside carefully so that no adherent precipitate is rubbed 
off; a wire rack with numbered positions is suggested, so that the rod may be 
returned to the proper tube later. Centrifuge the tube for about 15 minutes 
at about 2800 r.p.m. Decant the supernatant and drain in an inverted position 
for a few minutes, removing the last drop by touching the Up of the tube to a 
clean towel; or remove the supernatant by gentle suction through a fine 
capillar} pipet, without stirring up the precipitate or touching the sides of 
the tube. A few particles may float at or near the top of the solution after 
centrifugation; they are discarded with the supernatant. 

Replace the stirring rod in the tube and wash down the walls of the tube 
and the rod with 1.5 to 2 ml. of acetone-ether mixture added from a drop- 
ping pipet with attached rubber bulb. Stir the precipitate up thoroughly, 
replace the rod on the rack, and centrifuge the tube for 5 minutes. Remove 
the supernatant as above, and repeat the washing twice more, using ether 
Instead of acetone-ether. Replace the rod in the tube and set aside until 
ready for color development. 

Saponification and Precipitation of Total Cholesterol. Add 3 drops of potas- 
sium hydroxide solution to a 15-xnl. graduated centrifuge tube, and add 
3 ml. of the acetone-alcohol filtrate. Insert a stirring rod and stir vlgorousl} 
until no droplets of alkali can be seen in the solution. Leave the rod in the 
tube, and place tube and rod In a preserving jar containing a la}er of sand 
about 3 cm. deep which has been previously heated in a water bath until 
the temperature of the sand is about 45° C. The sand acts as a heat reservoir. 
Close the jar tightly and place in an incubator (37° to 40° C.) for 30 minutes 
Remove the tube to a rack, allow it to cool to room temperature, raise the 
rod, and add alcohol-acetone mixture to the 6-ml. mark. Add 1 drop of 
phenolphthalein solution, followed by 10 per cent acetic acid, drop b} drop 

dride (Cost man) in a glass stoppered c} finder and chill in icc water \\ lien cold odd 1 ml 
of concentrated sulfuric acid, a little at a time with mixing and cooling during the addition 
Stopper the cj finder, shake the contents \ igorouslj for a few moments and return to the 
ice bath Keep cold during use, and do not use an> reagent more than 1 hour old Afore or 
less of the reagent maj bo prepared as needed using the same proportions 

Slock. Cholesterol Standard Dissolve 100 mg of jiure drj cholesterol in about 50 ml of 
glacial arctic acid b> wanning on an electric hot plate and stirring Transfer with rinsings to 
a 100-ml glass stoppered volumetric flask dilute to 100 ml with arctic acid, and mix This 
solution contains l mg of cholesterol per ml and quite stnfile in the cold It must lie 
w tinned to room temperature before u*ing Dilute gtaiidard Transfer 5 ml of stork stand- 
ard containing 5 mg of cholesterol, to a 50-ml gloss-stoppered volumetric flask dilute to 
the mark with acetic acid, and nux well. This solution contains 0 2 mg of cholestc— 1 - 
2 ml 
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with stirring, until the red color disappears Add 1 drop in excess, followed 
by 3 ml. of dlgltonin solution Stir thoroughly, place the tube and rod in A 
preserving jar, cover tightly, and allow to stand at room temperature for at 
least 3 hours, and preferably overnight Separate and wash the precipitate 
exactly as described above for the precipitation of free cholesterol, except 
that only one ether washing instead of two is necessary. 

Development and Reading of Color. Place a layer of sand about 3 cm. deep 
In a shallow pan and heat to 110° to 115° C. in an oven. Place the tubes con- 
taining the precipitated and washed cholesterol digitonide in the pan an 
return the pan to the oven. 10 ' After 30 minutes, remove the pan and , while the 
tubes are still in the hot sand, from a buret add 2 ml. of acetic acid in such 
a way that the acid washes down the wall of the tube and the rod. Stir well 
with the rod, allow to remain in the sand for about 2 minutes (not longer), 
remove and cool to room temperature, with the rod still in the tube. On- 
dissolved material at this stage is neglected. 

When the tubes are ready for color development, place them In a water 
bath at 25° C from which light is excluded 109 and allow to come to temper -3 ' 
ture equilibrium. Note the time, and add 4 ml of the cold acetic anhydride- 
sulfuric acid reagent, nil well with the rod, and return to the bath Alh> w 
to stand 27 minutes, then transfer to colorimeter or photometer containers 
and read within the next 10 minutes. If possible, it is better to have the 
time of standing before reading constant at about 30-31 minutes 

A standard suitable for both colorimetric and photometric measurement 
is prepared as follows Transfer 2 ml of a standard solution of cholesterol 
in acetic acid, containing 0 2 mg of cholesterol, to a suitable tube contain- 
ing a stirring rod. riace In the water bath at 25° G. and allow to come to ***** 
perature equilibrium. When ready, add 4 ml of the acetic anhydride-sul- 
furic acid reagent, mix, return to the bath, and allow to stand 27 minutes 
Use within the next 10 minutes 1,0 For photometric measurement, a blank 
Is prepared similarly, except that 2 ml. of acetic acid alone Is used instead of 
the standard cholesterol solution. 

For colorimetric measurement, the colorimeter must be equipped with 
mlcrocups and the eyepiece of the colorimeter must be provided with a red 
filter (Wratten No. 71A, supplied by Eastman Kodak Co or by the manu- 
facturer of the colorimeter). Arrange the time of color development so that 
the standard is ready first, and the unknowns reach the 27-minute stag* 
at short intervals thereafter, depending upon the rapidity with which the 
color comparisons can be made Adjust the standard against itself at 20 
mm , and as each unknown becomes ready, nnse cup and plunger with a 
small portion and read against the standard Do not use the standard after 
37 minutes have elapsed from the start of color development; if more un- 
knowns are present than can be read in this time, have a second standard 
suitably timed and ready for use ”> 


*“ This heating is to ensure complete removal of water from the hygroscopic digitontd* 
precipitate. 

>»• A large pan of water containing metal racks and placed m an enclosed box fitted with 
a door or in a closet is satisfactory Insert a thermometer ,n the water and keep at 20° C 1» 
adding hot or cold water as required 

Because the standard appears to fade rapidly while it « in the colorimeter cup F ,f * 
(fee nt) suggests the preparation of a larger volume of standard fresh portions of whim 
are used at intervals during the 27 to 37 minute period of color development 

" Because of the uistal dity of the standard it has been suggested that when a num**’ 
of ana!>*os are being run cotonmetrically an artificial standard be used which is standard 
>*” * ta "dard bhap.ro Lerner and Posen (/Voe Soe 

Viol t f«l. 32, 1300 (1035)) proposed a permanent artificial standard made horn Carte 
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Tor photometric measurement, transfer the colored solutions to suitable 
containers and determine the density in the photometer, at 625 m ft Adjust 
the photometer to zero densitj against water, and determine the densities 
of the blank, the standard, and the unknowns at 30 to 31 minutes after 
adding the acetic anhjdride sulfuric acid reagent Subtract the density of 
the blank from those of the standard and unknowns, to obtain the true 
densities 

C xlculation For colonmeinc measurement Since the amounts of filtrate taken for 
the free and total cholesterol determinations represent 0 24 and 0 12 ml of original 
sample respectn elj , the calculations are as follow s 

Free Cholesterol 


Reading of Standard 
Reading of Unknown 


X 0 2 X = mg free cholesterol per 100 ml 


Total Cholesterol 


Rending of Standa rd 
Rending of Unknown 


X 0 2 X g-j 2 “ mg t° ta l cholesterol per 100 ml 


For pi olometnc measurement 


Free Cholesterol 


Density of Unknown n 2 v 100 
Densitj of Standard * X 0 24 


mg free cholesterol per 100 ml 


Total Cholesterol 


Densitj of Unknown .. 100 

IfeS t , of Stand ard * 0 2 X 012 " me ,0ta ' cho,es,t ™> P" «» ml 

At 625 mu and in a 1-cm cmettc the densitj of the standard is approximately 
0 100"’ (Fig 153) Under the conditions described from 40 to 200 mg per cent free 
cholesterol and SO to 400 mg per cent total cholesterol mat be nccuratelj determined 



Fig 153 Absorption Spectra of Colored 
Solutions Obtained by Schoeniieimer 
Sperry Method for Cholesterol 
For standards containing (a) 02 mg and 
(6) 0 1 mg cholesterol Solution depth 1 cm 


MkImjU TOwlt ItiV &yvMv> lUasml </ Bwd Chetn IW 351 flW)) in 

the U'e of dilute nop! tl ol green B *ohiti n a * an artificial standard 
1,5 Color dot eloped for 30 to 34 minutes at 21° C 
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For tllgblT levels repeat the anal) an ii-nS 1-a ran.ple m 

SS.— 

ll ;;"2 o, the e, nhaterol color to l.leaeh.n, >, 

measurementa ,h„ul,l be ma le a, rap, 11) »« po«eble to avo, 1 prolong! expire 

the light beam in the photometer 

Interpretation, formal blood cholrrtcrol appear* to be i “j 

a constitutional level ill, . cl, » character, Stic or '-ach inAvldua n^ 
from which large deviations do not ordinanlj occur for tint pa 
individual Considerable variation however , is found among d 
individuals the normal range being from about 110 to 390 mg ; F 
100 ml of serum or plasma Of tins, about onc-tliird is pr .. 

cholesterol (on the basis of digitonm precipitation nhich •’ * „[ 

accented as standard) and the remainder is estenfied Although ma > 
the data m the literature arc in terms of total cholesterol, the dis ri , 
of cholesterol between the free and the ester forms is attracting 
attention, particularly in the diagnosis of liver disease According 
Sperry routine determination of whole hlood cholesterol should tic 
doned, since the cells contain only free cholesterol and m quite 
amount no changes in pathological conditions having been noted heru 
cholesterol is increased and the determination has clinical \ame 
nephrosis lipemia diabetes mclhtus, by pothy roidi«m and biliary 
struction due to calculi or other causes Increases are al«o found in P 
nancy and after a high lipidc diet Decreased scrum cholesterol is foun 
hyperthy roidism, pernicious anemia, and certain ty pcs of li\ cr disea«e 
the latter condition, the proportion of ester cholesterol to total chole«i 
may be sufficiently lowered to be of diagnostic significance A low cno 
terol diet leads to low ered scrum cholesterol , since there is ample end 
that cholesterol is synthesized within the body changes in blood 1© 
due to diet presumably represent merely the net result of the vario 
factors concerned 

2 Rein hold and Shlels ’ Modification oj the Mycrs-Wardell 3fe# ^ 
Principle The scrum or plasma is dried on anhjdrous sodium sulfate and extra 
with chloroform The total cholesterol of the extract is determined colorimetries ^ 
by the I lebcrmann Burchard reaction with acetic anhjdride and sulfuric aci 
the original method of M> ere and ardcll plaster of Paris was used instead of s 1 ^ 

sulfate Leibofi 111 describes a procedure in which the sample is dried on a small r 

absorbent paper which is then extracted in a specially designed flask In the 
Pclhan and Alien 114 procedure no special apparatus is necessary proteins are P r ^ 
tated with alcohol-ether mixture an aliquot of the filtrate is dried m a beaker an 
traded w ith sucrcssn c small portions of hot chloroform In all of the«c procedures 
results will be obtained if the extraction is incomplete 


*“ Myers and Warded J Biol Chem 36 t47 (1918) Reinhold and Sluels Am A Cl 
Path 6 2*’ (1930 _ , ,, 77- 

>H Leibof! J Biol Chem 61 177 (1924) J Ltd Clin l ltd 10 8j7 (1927) 

(19*0 IS 770 (1930) Bte i 

‘Bloor 1 elkan an 1 Allen J Biol Chem 52 191 (1922) See also Kebey ■> 

Chem 127 15 (1939) 
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Procedure 118 Transfer I ml of plasma or serum to a small mortar contain 
ing about 8 g of anhydrous sodium sulfate Mis uniformly, dry in an oven at 
100° C for 10 minutes, cool in a desiccator, pulverize, and transfer completely 
to a paper extraction shell which is then inserted into a Soxhlet extraction 
tube (see Fig 154) suspended from the condensing coil of the extraction 
apparatus (If the extraction apparatus illustrated in Fig 154 is not avail 
able, Mjers’ arrangement shown in Fig 155 may be used, in which the 
extraction tube is a perforated glass tube (25X7 cm ) and is connected to 



Figs 154 and 155 Extraction Apparatus for Cholest- 
terql Determination 

F g loo after Ml era P acttcal Chemical Analysit oj Blood 2d 
ed C V Mosby Co St Louis 

a reflux condenser as illustrated ) Place 20 to 25 ml of redistilled chloroform 
In the extraction flask, place on an electric hot plate, and extract for 90 min- 
utes, during which time cold water flows through the condenser or coil Allow 
the extract to cool and transfer with rinsings to a 25 ml volumetric flask 
Make up to volume with chloroform, mix well, and fitter through a dry filter 
if necessary 

Transfer 10 ml of the chloroform extract to a dry’ test tube and add 2 ml 
of the freshly prepared acetic anhydride-sulfuric acid reagent Treat 10 ml 
of a standard solution of cholesterol In chloroform, containing 0 8 mg of 


u * Reagents Required Anhydrous sodium sulfate reagent grade 

Chloroform Commercial chloroform should be washed with water dried o\ er anhydrous 
potassium carbonate and distilled Dry tl e distillate oxer phosphorus pentoxide and again 
distil Keep protected from light Present-day reagent grade chloroform (such as Merck s) 
may be satisfactory will out tl o necessity of furtl er treatment 

■decfic Anhydn le-Sulf rxe Acid Reagent Just before use odd 1 volume of concentrated 
sulfuric acid slowly with si ahing to 10 xolumes of acetic anl ydnde Prepare only enough 
reagent for a particular series of analyses and d scard tl e unu«cd portion 

Cholesterol Sta dard Slock Standar i Dis. oh e 100 mg of pure dry cl olesterol in cl Ioro- 
forni and transfer with wasl ng-s of cl loroform to a 100-ml flask Make up to xolume with 
chloroform and mix Tl s sol ition eonta ns 8 n g of cholesterol in 5 ml Rcej told ami away 
from light To j rcpsre the dilute working standard transfer 2 ml of stock stnt lard to a 
100-ml vol imetrte flask dilute to the n ark witi cl loroform and mix Tl u solution c< n 
tains 0 8 mg of el oleiterol in 10 ml It is atat lo for some days if kej t c 11 nn i away from 
light 
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cholesterol, In the same wa>, ami for photometric measurement prepare a 
blank by treating similarly a 10-ml. portion of chloroform alone. After mix- 
ing, keep In a dark place at 25° C. for cxactlj 30 minutes,'” then transfer to 

colorimeter or photometer containers and read. 

For colorimetric measurement, compare the unknown against the 
ard in the usual way. The colorimeter may he equipped with a light filter 
over the eyepiece (\\ratten No 7IA or Its equivalent, supplied b> Fastman 
Kodak Co. or by the manufacturer of the colorimeter) although this is no 
essential Since the standard color fades rapidly, If more than two or three 
unknowns are to be read, a number of standards must be prepared, suitably 
timed with respect to the unknowns, or the standard may be used to stand- 
ardize an artificial standard (see previous method) against which the properl} 
timed unknowns are read 

For photometric measurement, determine the densities of the nlanK, 
standard, and unknown at exactly 30 minutes after adding the acetic an- 
h> dride-sulfurlc acid reagent, in a photometer at 600 m^. Set the photometer 
to zero density with water. Subtract the density of the blank from the other 
values to obtain their true densities 

Calculation For eotonmflne measurement Since the 10 ml of extract used cor- 
respond (o 0 4 ml of original sample, the calculation is as follows 

BsS mg X “ 8 X 5? - »« P" «« 


For photometric measurement 


Densit} of Unknown _ _ 100 
Density of {standard 0 4 


mg cholesterol m 100 ml 


Under the conditions specified andinal-cm cu\ette the densit} of the standard i* 
approximate!} 0 700 Since the standard corresponds to a serum w ith 200 mg P cf 
cent cholesterol the limit of accurate measurement under these conditions is about 
300 mg per cent It is suggested for photometric measurement that smaller aliquots 
such aa 2 ml or 5 ml , of the chloroform extract be taken diluted to 1 0 ml w ith chloro- 
form, and the color then developed as described Lging the abov e calculation formula 
results must then he multiplied by 5 or 2 respective!} In this way a much wider range 
of cholesterol concentration ma} be accurate!} covered 


Discussion. The final color in the abov e procedure is due to both free 
cholesterol and cholesterol esters Since free cholesterol and ester choice* 
terol gi\ e different amounts of color per milligram, and the color develop^ 
at different rates, interpretation of results maj be obscure if an abnormal 
distribution of cholesterol between free and ester forms is present Rem- 

hold 117 utilizes the difference in velocity of the Liebermann-Burchard 

reaction with cholesterol esters and free cholesterol as a basis for deter- 
mination of cholesterol partition Sperry and Brand"® describe a pro- 
cedure for total cholesterol after baponification of the ester fraction, thus 
eliminating errors due to variation in ester content 

The Licbermann-Burchard reaction with cholesterol gives much more 
color in chloroform than in the glacial acetic acid used in the previous 
method To offset this advantage, the reaction m chloroform is, according 
to Schoenheimer and Sperry, more sensitive to the effect of such analyt* 
cal variables as time, temperature, etc so that more careful technics* 


117 Ueinhold Proc Soc EzpU Biol Med 31 614 (1935) 
Sperry and Brand J Biol Chem J5C 351 (1943) 
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control is necessary The spectrophotometnc characteristics of the color 
in chloroform are somewhat similar to those of the color m acetic acid 
(see Fig 153) e\ccpt that peak light absorption in the red end of the 
spectrum is it 660 instead of at G25 mp 119 The high light absorption 
at 420 mjt permits use of this range as well as the GGO m a range Although 
the color intensity here slowly increases rather than waxing and waning 
as at 625 m/i, and is a function of the extent of exposure to light during 
color de\elopment, nei erthless Sumrner^on and Robinson 1 * 0 found this 
range to be in some respects more satisfactory than at 660 mp Sunderman 
and Razeh 119 ha\ c shown that measurement at 530 mu is also satisfactory , 
although the optical density is low here, the agreement with Beer's law 
is excellent 

Interpretation See under previous method 

Other Methods Other methods for the determination of serum 
cholesterol usually employ isolation as the digitonide, followed either by 
weighing on a microbalance l * ! or oxidation with chromic acid In the 
oxidation procedures either titnmetnc 122 or gasometnc 1 " 3 methods may 
be employ ed For details see the original papers 

DETERMINATION OF FATTY ACIDS 
Introduction. The fatty acids of blood are present largely as esters 
m the form of (a) neutral fat, (6) phospholipides, (c) cholesterol esters, 
there may be a small amount of free fatty acid (l e soaps) also present 
The total fatty acids of whole blood are distributed approximately' ei enly 
between cells and plasma, this e\en distribution apparently simply re 
fleets the fact that while phospholipides for example are much more 
abundant in the cells than m the plasma, the re\ erse is true for esterified 
cholesterol which is apparently absent from the cells Total fatty acid 
content is usually determined by saponification and titration of the 
hbe rated fatty acids 

Method of Stoddard and Drurj 111 Principle The blood is extracted with 
alcohol-ether the extract saponified the fatty, acids separated filtered crashed dis 
solv ed m alcohol and titrated w ith thj mol blue as indicator 

Procedure Extraction rive ml of whole blood, plasma, or serum Is In* 
troduced gradually into a 100 ml volumetric flask containing about 75 ml 
of a mixture of 95 per cent alcohol and redistilled ether (3 1) The flask is 
Immersed in boiling water and rotated frequently and vigorously (to prevent 
superheating) until boiling begins, then cooled to room temperature, made 
up to volume with alcohol ether, mixed, and filtered through fat free filter 
paper 

Saponification To a 100 ml beaker containing a few grains of coarse sand 
(previously boiled with acid, washed, dried, and extracted with ether) add 

1 * S tnderman ni 1 Itazek J Biol Chem 118 3“9 (1937) 

1 * Uni ullished 

“> Mueller J Biol CArm 2 S 549 (loir) Ewert B ochem 7 263 150 (1033) 

ls * Okej Proc Soe Lxpll Ihol Mel 26 518(1090) Turi er J Biol Chem 92 495(1031) 

1,1 lurk Page and Ian ‘Mvke J Biol Chem 106 **03 (1031) 

’** Stod Hr 1 an 1 Unirj J BiJ Chem 84 ”41 (10 0) Ti is n etl oil has been crtticalh 
evaiunted bj Man and Glide* J Bwl Chem 99 43 (1933) 
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gradually, while evaporating on a water bath, 75 ml. of the filtrate. .The 
perature should be low enough to avoid perceptible bollins but may b 
after the ether has evaporated. Evaporate to a volume of about 30 ml. AO 
ml of saturated CO,-frce NaOlI,'*' mix. add a few grains more of sand, covet 
with a watch glass, and boil gently for 20 to 30 minutes (to saponify!- 

Separation and WaMntt. Remove the watch glass, drop In o «mall pie« »l 
litmus paper, make acid with 30 per cent I1C1-, then run back to alkallni y 
with 10 per cent NaOIl (In order to avoid an excess of alkali on « va P°' 
Infi to dryness). Evaporate to dryness (In order to get rid of all alcoho )• 

15 ml. of water, heat on the steam bath, and stir to dissolve the 8oa P s * . . 
hot, add a drop of thymol blue indicator and make acid (faint pink) 

30 per cent IIC1. Set the beaker for 10 minutes in cold water, then s 
almost continuously for five minutes to produce a better separation o 


fatty acitis. 

Filters are previously prepared as follows: Use a Gooch crucible, sm 
size (top 28 mm., bottom 18 mm. in diameter). Set the crucible in a ru 
holder which fits over a 500-ml. suction flask. A paper-pulp suspens on 
made by shaking up a piece of soft filter paper In 300 to 400 ml. of dlst * 
water. Shake vigorously and immediately pour some into the crucible w 
there is a strong suction on. Repeat until a layer about 1 mm. thick is form®* 
Tamp the layer down carefully all over with the end of a glass rod. Allow t 
larger masses of filter pulp fibers in the suspension to settle out, and P°“ r ° 
successive amounts of the thin upper suspension of isolated shreds, keeping 
strong suction on and tamping down occasionally, until the filter is den- 
enough to offer a definite resistance to the suction. Remove the crucible fro 
the rubber holder and dry in an air oven at 110° C. for 15 minutes. Allow o 
cool before using. . 

Place the crucible in its holder in an ordinary funnel and filter some o 
the fatty acid suspension into a test tube. If the filtrate is not perfect y 
clear, put it through the crucible again. If the filtration does not start in a 
few minutes, transfer the crucible and rubber holder to the filter flask aa 
start the suction very gently, with a test tube under the funnel. After filtra- 
tion has started, continue without suction After the fatty acid suspension * 
filtered and drained, wash with 4 ml. of 5 per cent NaCl solution, neutralize 
to methyl red. Use a pipet and run the salt solution down the walls of to 
beaker all around; then, tipping the beaker, use a fine bent glass rod to rinse 
the side of the beaker more thoroughly with the solution, then pour th * 
rinsing Into the Gooch crucible, rinsing Its side with the aid of the rod. ' Va9 
until the filtrate from one washing takes not more than 0.05 mi. of 0.02 N 
NaOlI to neutralize It to phenolphthalein. Usually this is true of the thlr 
washing. Put the crucible hack on the suction flask with a nonprotein nitro- 
gen tube (cut oil to a convenient height and calibrated at 1-m!. Interval* 
from 10 to 15 ml.) under the funnel Wash down the walls of the beaker with 
5 ml. of 95 per cent alcohol, heat to boiling, and pour into the crucible. With 
the glass rod quickly loosen up any fatty acid fragments on the wall of the 
crucible. Allow to run nearly out, then put on a moderate suction. Rinse ou 
the beaker and crucible twice more with 3 ml. of alcohol each time, heating 
It to boiling Then wash off the outside of the crucible and the funnel. 


Titration. Add a few grains of sand, boil the filtrate for 1 minute, coot in » 
beaker of water, note th«* volume of alcohol, add 3 drops of 0.3 per cent 
thymol blue in 50 per cent alcohol, titrate with 0.02 N NaOlI to a pure blue 
which stays practically unchanged (no yellow tinge) while shaking fn f 1 
1,1 bee Appendix 
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minutes, keeping a stopper In the mouth of the tube to avoid absorption of 
CO* For a blank boil 10 ml of alcohol and titrate 
Calculation Calculate the correction necessary for the amount of alcohol present 
before titration Add a correction amounting to 0 005 ml for each ml of iVaOH used 
m titration (a simple correction for the \ olume of solution) Subtract the total cor 
rection from the titration Multiply by the normality factor thus getting the number 
of millimoles of fatty acid Multiply by 

■ . - g rr — 7-3 X — i - . j 3 = millimoles fatty acid per 100 ml blood 

ml filtrate exaporated ml blood used 

To translate into terms of w eight (not a aery significant figure) multiply by an aver 
age factor for the fatty acids as they usually occur in blood = 277 2 The molecular 
weights are so nearlj alike that a considerable xariation in the proportions wall not 
affect the calculated weight by more than about 2 per cent 

Interpretation, Human whole blood has a total fatty acid content 
ranging from about 9 to 14 millimoles (milliequiv alents) per liter This 
corresponds to about 250 to 390 mg of average fatty acids per 100 ml 
Some variation is found between different individuals, and in a particular 
individual at various times Factors such as diet and disease which influ- 
ence the blood content of neutral fat, phosphohpide, and cholesterol esters 
will naturally influence the total fatty acid content 

DETERMINATION OF LIPIDE PHOSPHORUS 

Introduction. The Iipide phosphorus of blood and tissues is found 
in such compounds as lecithin, cephalm, sphingomyelin phosphatidj 1 
senne, etc , which are obtained by the extraction of tissues with certain 
nonaqueous solvents In blood plasma, lecithin is the major phosphohpide 
according to Bloor, while in the red cells cephalm and sphingomyelin 
predominate, the data of Kirk 128 present a somewhat different picture 
The simplest procedure for the determination of phosphohpide is the 
analysis of hpide-contaimng extracts for total phosphorus, as described 
below , this procedure gives fairly accurate results Bloor 1 7 isolates phos- 
phohpides from nonhpide phosphorus by precipitation with acetone and 
magnesium chloride, and determines the phosphohpide titrimetncally 
after oxidation with chromic acid Gasometric determination as total 
carbon by wet combustion is also satisfactory 128 Ivirk 126 and Artom 128 
have described procedures for the separate microdetermination of certain 
of the various phospholipides in blood 

Method of Younsburg , lti Modified Principle The extracted Iipides arc oxidized 
with sulfuric acid and hydrogen peroxide and the phosphate present determined 
colorunetricilly The phosphate procedure of Fiske and SubbaRmv is applied here 
the "ioun gburgs use the stannous chloride reagent of Ivutfner and Cohen (see p 630) 
which is applicable to smaller amounts of phosphorus 

111 Kirk J Chem 123 023 637 (193S) ^ee however Sinclair and Dolan J Bud 
Chem 142 659 (1042) Artom ibid 157 59o (1945) 

m Btoor J Biol Chem 82 273 (1929) For an adaptation of this method see O l is and 
May nnrd J Biol Chem 118 701 (1937) McCox and Schultzo ( J Bud Chem 15* 479 
(1944)) dc«enbe a p) otometne adaptation of tl e el romic acid 0 x 1 lation procedure suitable 
for small an mint's of li[ ide** 

*** Kirk Fajp* an 1 Van 9|jke J Bud Chem 106 203 (1934) Van Slyke and Foich 
ibul 136 509 (1010) 

u * "i oungburg and \ oungburg J Lab Clin \Ied 16 15S (1030) 
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Procedure Transfer IS ml ot alcohol-cther mlitufe'” lo a «l<!a-mo 0 ^'^ 

”w„ , m, of filtrate to a M. b> » mm .... I «»>*.< .« •-» 

pebble (from broken .lllca rrarel, place In a »lre rack contained a 
tom, orer an electric hot plate, and emporate to donrss „ r ,h< 

Add 2 5 ml of 5 N eulfurlcadd tothereeldue In the tobeanddllfee ^ 
hot plate a. In the method for total add-eoloble photplioru. <«e r 
tncludinft oxidation »lth perhjdrol (30 per cent hjdtoeen 
remaining procedure Is the same as for total acid-soluble P P a dl f. 
blood (see P 633). with color development at a final vo lurne of 2 ' m ^ nU 
ferent standard Is however used, containing only half as mu ^ 

phosphate, l e , 0 5 ml of standard phosphate solution, contain! ft 4 , 

of Inorganic phosphate, instead of the 1 ml specified on P 634 * , ,„r 

tions for colorimetric or photometric measurement of the color 
are the tame as for acid-soluble phosphorus r «lruU 

CAidCLLATtov Since the 8 ml of extract r< pri-cnt 0 4 ml of oriRinal samp e ^ 
tion of results is similar to that for aeid-soluhle pho«phorus except that the ' ® ^ 

replaces 0 08 in the calculations corn-ponding to tl e u«e of half as etrong ® * ^ 

Or calculate as for acid-soluhlc pho-phonis and divide the result 1>> 2 to o > 
of lipule phosphonn per 100 ml of original sample 


Interpretation. Plasma or scrum contains about 9 to 10 mg of P 
phosphorus per 100 ml , whole blood slightly more, averaging ^bo 
mg per cent Thc«e values may be expre^ed as lecithin by multip ^ 
by 25, since lecithin contains approximately 4 per cent pbo^pboru-, 
known, however, that only part of the total blood pbo-pbobpides is < rep ^ 
sen ted by lecithin Artom ( loc at) gives the following distnbutio ^ 
pho«pholipidcs for a sample of human plasma lecithin, 55 per cent o 
total pbospholipidcs, phoTihatidyl etbanolamine (cephalin), 21 Pp r ' J 

sphingomyelins, 12 per cent, phosphatidyl senne, 7 per cent L l ^ 
known concerning the pathological significance of variation in this 
tnbution Pathological v anation in total pho^pholipidc content is gr 
for red cells than for plasma In diabetes and nephritis, the hpidc P ^ 
phorus follows roughly the degree of lipemia Increa'-es in lecithin are ^ 
noted in pregnancy and in certain hepatic conditions The existence 
constant ratio between cholesterol (which is antihemoly tic) and leei 
(hemoly tic) has not been definitely established 


DETERMINATION OF BILE PIGMENT IN SERUM 

I Icteric Index {Meulengracht) Principle The intensity of yellow pig®^ 1 
tion of bp rum is compared w ith a standard potassium bichromate solution 


Procedure 1,1 Separate the serum from 4 or 5 ml of freshly drawn 
lyzed blood For colorimetric measurement, accurately dilute 1 ml ° 

'*• Alcohol Ether Mixture Three volumes of 9o per cent redistilled alcohol and 1 v 
of redistilled etl er Mix. . -gp or 

1,1 Reagents Required 5 Per Cent Sodium Citrate Solution Dissolve SO g ° { anil 
C P sodium citrate in water and dilute to I liter If turbid allow to stand -several 
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with 5 per cent sodium citrate solution in a small graduated cylinder, ac- 
cording to its color, until an approximate match with the standard potas 
sium bichromate solution is obtained Transfer to a colorimeter cup and 
compare against the standard bichromate 

For photometric measurement, dilute 1 ml of serum to 10 ml with 5 per 
cent sodium citrate solution Determine the densitj in a photometer at 420 
mp, setting the photometer to zero density with the 5 per cent sodium citrate 
solution alone Determine the density of the standard potassium bichromate 
solution at the same wavelength, using water as a blank 


Calculation For colorimetric measurement 


Reading of Standard 
Reading of Unknown 


X Dilution — Icteric Index 


For example if 1 ml of serum is diluted to 6 ml the dilution is 6 and if the unknown 
exactly matches the standard in the colorimeter the icteric index is 6 0 

Far photometric measurement Since the standard bichromate solution has an equn a 
lent icteric index of 10 under the conditions of the procedure the calculation is as 
follows 


Density of Unknown 
Density of Standard 


Icteric Index 


In a 1-cm cuvette at 420 my an icteric index of 10 gives a density reading of ap 
proxiraately 0 200 at a 1 10 dilution of the serum Under these conditions the limit 
of accurate measurement corresponds to in icteric index of approximated 50 For 
higher values the determination is repeated at a greater dilution of the serum the 
new dilution value replacing the 10 in the above calculation formula Since the stand 
ard is a stable colored solution its density should be constant Therefore once the 
densitj of the standard has been established for a given photometer and wavelength 
ar filter, this value may be used m the future without the necessity of repeating the 
reading of the standard m every series of analjses 


Interpretation. The normal icteric index ranges between 4 and 6 
The zone of latent jaundice (ic, hyperbilirubinemia without clinical 
signs of jaundice) is between 6 and 15 Above this value icteric symptoms 
may be observ ed The y ellow color is considered to be due chiefly to the 
presence of bilirubin., au icteric uidex. of 5 corresponding roughly to 0 1 
to 0 2 mg of bilirubin per 100 ml of serum The presence of certain other 
pigments wall lead to errors, hemolysis in particular is to be avoided 
This may be done by using a dry sy nnge and needle for collecting the 
blood, allowing the blood to clot protected from light, and centrifuging 
sharply to obtain a clear serum Blood should be drawn before breakfast 
to avoid chyle, lipemic sera cannot be used because of interfering turbid- 
ity The carotincmia which follows ingestion of carrots will lead to a high 
apparent ictenc index and false interpretation, carrots should not be 
eaten the day before the test Further aspects of the significance of serum 
bilirubin arc discussed below 


filter Add a little chloroform ns a prefers ativc Saline solution (0 9 per cent sodium clilor 
Ido) mnj al*o bo used as a diluent in tl e colorimetric procedure but citrato Rives clearer 
solution** 

Stanford Potassi m Bichromate {OOl Per Cent ) Dissolve exactly 0 1 r of reiRent Rtade 
potassium bichromate in water transfer with nnMnRS to a 1 liter v olumctrie flash nil 1J to 3 
drops of concentrated sulfuric acid dilute with water to the mark and mix Keep in a 
brown glass bottle The icteric index of this solution is arbitrarily defined as ccjual to l 



Calcciation 


r>f. n8it% of Unknow n x mg , | M j iro i„ n in standard X — ^ 100 Knns 

Density of Standard „ m( , bilirubin J* r 10O tnl « nim I 

Thf dcn«its of 0" «>»"■>*">'» " m'“" JutaAm J 

„J alcoliolif solution «! Wt™ »" ™ .» C ® M„ !,> 


anl alcoltol.s solut.on of bilirubin ' „ urn. M.. •» 

mine tin* dcnsitt o! tl.c .tnitdenl tlie stm.lanll.as » 0 



Fio 15G AB«onmo\ Spectpcm op Aeo- 
bilircbin, as Obtained in, Mallot-Caeltn 
Bilirubin Method 

serum bilirubin content of 10 mg per cent up to about 30 mg per both 


serum dhuuuiu »»>*» «• *■ — - . , , .. 0 i d°‘" 

mt) be accurately determined If the \alue is aboAe this dilute the ‘ . ^d 

blank and unknown tubes w ith an equal % olume of 50 per cent me > 


immediately, and multiply the results by 2 CinC e bib- 

The color deA eloped in this procedure is quite stable and rcproduci j tCTin i» c 

rubin 13 expensn e and the standards do not keep Aery well it is feasible (ng0r 

the standard density once carefully for a giAen photometer and waAclcngt t t,e 

filter, and to u«e this a alue m future analj «es w ithout the necessitj ol repea 


reading of the standard each time r olorirnet<* 

If a photometer is not asailablc the unknown may be compared in a ^ ^ t fce 


against the standard m the usual manner A green filter oa er the ej e P' 0< ’® gU ^ 3 te 
colorimeter will aid in color matching An artificial standard containing co a ( 

has been suggested for Aisual colorimetry to replace the bilirubin “tan 


eolonmetne method has been described by Gibson and Goodrich ,4 * 


Interpretation- Normal plasma or serum contains 0 1 to 0 2 o & g 
biliruhm per 100 ml Bilirubin content is sometimes expressed in 
1 unit corresponding to 0 5 mg per cent , thus normal plasma co ” 0 { 
0 2 to 0 5 unit The zone of latent jaundice is represented by' the ra js 
0 25 to 1 0 mg per cent Hyperbilirubinemia may occur in di c ea«es ° c 
In er or biliary tract, and also in extrahepatic conditions of a hem 


n» White Bnt J Bzpl Path 13 76 (1932) 

»“ Gibson and Goodrich Proe Soe BzpU Bid lied 31,413 (1934) 
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nature, such as those accompanying mfectious diseases, pernicious 
anemia, hemolytic anemia, hemorrhage, etc Low \alues for bilirubin 
maj be found in secondary anemia The determination maj therefore 
be of importance in the differential diagnosis of anemias The renal 
threshold for bilirubin is 3 5 to 4 0 units (17 to 2 0 mg per cent) m 
the plasma 

THYMOL TURBIDITY AND FLOCCULATION TEST 

Principle Maclagan 14 * discovered that thymol, m barbital buffer at low ionic 
strength, added to ^erum produced marked turbidity m the presence of parenchyma- 
tous li\er disease In addition, flocculation often appeared on longer standing 

The thjmol barbital reagent is saturated with thjmol Temperature and other 
factors influencing solubilitj must be considered in preparing tbe solution The pro 
cedure described 1 " permits better control of thymol concentration and pH and yields a 
more uniform reagent of improved stability 

Procedure 144 Measure 6 ml of thjmol barbital reagent into a photometer 
cuvette Place the tubes in a water bath maintained at 25° G ± 1°. Add 0 1 

144 Maclagan Bnt J Exp Path 25 234 (1944) 

14T Remliold and aconites Personal communication 

111 Reagents Required Thymol Barbxlal Reagent Transfer 6 0 g of thjmol crjstals 
(colorless) to a 2000-ral pyrex Erlenmej er flask Heat 1000 ml of distilled w ater to boiling 
in another flash and boil it for about five minutes to remove carbon dioxide Allow the 
water to cool to about 9o° and pour about 300 ml into the flask on the thymol which will 
melt and partiallj dissolve Add 3 09 g barbital and 1 69 g sodium barbital and the re- 
mainder of tbe hot water to the flask containing the tbv mol Without delaj stopper the 
flask and mix bj rotating vigorouslj for about five minutes Allow the solution to cool 
gradual!} to room temperature Transfer the reagent to a volumetric flask of 1000 ml 
capacit} and dilute to the mark with distilled water Return the solution to the original 
flask Vdd about 1 g of th} mol cr}stals Shake vigorousl} until the solution becomes 
clear Allow the flask to stand at 25 ± 1° overnight preferablj in a constant temperature 
bath Mix again and filter through hitman No 1 paper maintaining the temperature of 
the solution at or near 2o° C Test the pH which should be 7 55 ± 0 03 The pH ina> be 
adjusted b} adding 01N NaOH if the reagent is too acid or b} shaking in the presence of a 
Uttle COj if too alkaline Expired air maj be used as a con} cment source of COi 

The optimal temperature at which to keep the reagent appears to be 15° however at a 
room temperature of 25° C the reagent remains unchanged for at least two weeks At 
temperatures lower than 15° it is more stable but costals ma\ separate thus causing loner 
values for thymol turbidit} llemoie sufficient solution lor one da} s use and place it in a 
bath at 2a° C at least 30 minutes before using Exposure to carbon dioxide should be kept 
to a minimum The reagent should be renewed when it becomes opalescent 

Sfandorif# Turbidit} can be measured cither visual!} or photometncall} The latter is 
recommended For photometric measurement colloidal glass suspensions msj be used as 
standards These maj be obtained commercial!} or prepared according to the following 
procedure Fill a glass-stoppered p} rex reagent bottle of 1 liter capacit} to about one-fourth 
its cap-icitv with fragments of clean pyrex glass Cover the glass fragments with distilled 
water and agitate vigorously on a mechanical shaker until a milk} suspension is produced 
8 to 20 hours is ordinaril} sufficient Decant the suspended glass into a 1000 ml cylinder and 
dilute to the mark with distilled water Mix and allow to stand 14 days Decant the upper 
oOO ml for use as a stock standard 

Slaadardieaiton I or this operation a Beckman Model DU spectrophotometer is satis 
factor} other instruments of comparable quilitj should serve a» well Make a trial read 
mg of stock standard in the spectropl otometer at a wavelength of GOO mjx in a 10-mm 
cuvette using water as a blank \dd sufficient water to an aliquot of the stock standard to 
make the absorbancj of tl e mixed diluted suspension approximate!} 0 100 Now measure 
the exact absorbanev of the diluted suspension \n nh“orij-incv of 0 100 has been found to 
be equivalent to 3 3 Maclagan units and 0 5 SI ank Hongtand units in the I vc!>n pi oto- 
electnc colorimeter witl n fGO ny* filter < ml aperture and stall lard reflector Thus m 
the calculation of results where ^ 0 100 C ■ 33 tM&clagan! or 0 5 (Shank Hoag! and) 

If S is slightly aljov i or l>clow 0 100 the approj riate v ilue for C maj lie calculated b} direct 
proportion lor colorimeters otl er than the 1 ve1}n instrument it is advisable to standard 
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2 Van den Berth Test 1,1 Principle. Plasma or somm is treated with H |r * 
reaRent (druotiral suit indie acid) llilmihin prennt rtacts with the reapent to 0 
colored compound know n as a-ond in or a el ihrubin 1,1 Quail t at i\ elj , the cn or ^ 
develop immediately ( direct reutton') or on standing (“indirtet reaction / 
casionally an atypical color d< \ clops almost immcdiatilj (“hiphn*ic reac !0 " ^ 
Quantitatively, tlic color may 1 m* used ns a measure of the bilirubin content o 
scrum or plasma (sec Section 3, p 50 1) 

Procedure 1,4 Obtain unhcmolyzcd plasma or serum as described 
Jaundiced serum must lie diluted 1 5 or, If highly colored, I 10, with wa ^ 
To 1 ml of scrum (generally diluted), add 2 ml of freshly prepared Fhr c 
diazo reagent 1,4 Direct reaction a pink to purple color develops 1mm ^ 
atcly, reaching maximum Intensity In a minute or so Indirect rcac#f° n ” 
color change Is noted during the first 2 minutes Within 10 minutes a g° 
color forms, changing over a period of an hour or more through * ,r0WI !. t s 
pink **• Diphasic reaction a color appears during tlic first 2 minutes, but 
brownish red rather than the typical pink or purple of the direct reaction 

Interpretation. The chemical ami clinical significance of the thrc< 
types of Van den Bergh reaction lias l>ccn the object of considerable i ^ 
vestigation Van den Bcrgh believed that tlic different reactions 
dependent upon the path by which tlic pigment entered tlic serum 
example, the direct reaction is usually found m tlic condition of °b str H 
tivc jaundico, i e when tlic biliary passages arc blocked, preventing 
excretion of bile pigment vvlmh lias already been secreted by the 
cells The indirect reaction is usually found when the jaundice is of h crn 
lytic or extrahcpatic origin, and the biphasic reaction is thought to rcp r 
sent a combination of both types Further study has not justified tn 
belief that the various types of jaundice may be distinguished m t® 0 ® 
of the qualitative Van den Bcrgh test 1,7 While normal sera and sera W* 
cases of hemolytic jaundice usually show no direct-reacting bilirubin » 
most other types of jaundice it is usually possible to demonstrate 
presence of both direct-reacting and indirect-reacting bilirubin B *P“ 
pears probable that there arc two distinct types of scrum bilirubin, 


u/rmnnn™ Pre»»e mid 21 441 (1921) Sepulveda and Ostcrberg J If* C 
28 1359 (1911) Sec also Ducci and Watson J Lab Clin Mtd 30 293(1045) . 

1 >' rro,e8 c °«p1b *‘tb diasotued aulfamlic acid if tl cy have free a or 0 pomtionsor 


that aro T read ] y displaced such as carboxyl (The a carbon is that adpM* 


Tl. V, . *■' . ” cucveci uu lilirulm is split into two Oipyrryi e 

neoxanthobilirubic acid and lsoneoxantliobilirubic acid by the diazo reagent I ach of l , 
has a tree a position which permits coupling to occur The term azobilirubin is loosely 
to describe tl e mixture of azo pigments produced , , . ml 0 t 

„„„ “ ea eents Required Diazo Heageni— Solution A To 1 g of sulfamhc acid add 15 ^ 
concentrated hydrochloric acid Add water stir to dissolve and dilute to 1 liter with 
Solution B Dissolve 0 5 g of sodium nitrite in water and dilute to 100 ml J^t bcf» r ® p 
test prepare the diazo reagent by mixing 25 ml of Solution A with 0 75 ml of Solutio 
m Ti',, *°™t*on keeps only a short time at room temperature , jhe 

■ r ® su 'ts are sometimes obtained by adding the diazo reagent slowly do # 

side of the test tube containing tl e serum so that a layer is formed over tl e serum Ob* 

at ! l ° ‘"teface between serum and reagent . ,. 0 hol 

the indirect test is fre tuently carried out by adding tl ree to four v< lumes ol •«- ,, 
to tl e mixture of strum an I reagent after 10 min ites Tl c indirect cr I >r appears u»«" 
ately after mixing f 

*” Bee Greene 1 lotz an 1 Localio Arch Int \ftl 61 058(1938) Sepulveda and , 
berg Hid 72 372 (1943) also pp 402 401 in Do lansky and Bo Jansky Biochemistry 
Disease 2nd ed New York The Macmillan Co 1952 
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instance, indirect-reacting bilirubin may be remov ed from serum by ex 
traction with chloroform, while direct-reacting bilirubin is not soluble m 
this soh ent Griffiths 138 lias reported the isolation from human bladder 
bile of a pigment called “cholebilirubm” which gives the direct reaction, 
is distinct chemically from bilirubin, and appears to have the properties 
of the direct-reacting bilirubin of serum It has been proposed that the 
terms “cholebilirubm” and “hcmobiUrubin” be u^ed for the direct- 
reacting and indirect-reacting bilirubin respectively, these terras carry 
the unfortunate implication of origin, which has not been conclusively 
established Other interpretations of the Van den Bergh reaction which 
have been proposed include the theory that \ anations are due to eoncen 
tration differences , 139 or that the bilirubin of plasma is bound to protein, 
with a portion capable of dissociating to give an immediate reaction 
(“direct-reacting”) while the remainder (“indirect-reacting”) can react 
only slowly or after the addition of alcohol 140 No single theory has appar- 
ently found universal acceptance 141 

3 Quantitatne Determination of Serum Bilirubin ( Method of Malloy and 
Etelyn) 141 Principle The principle is the same as that used m the qualitative Van 
den Bergh reactions described above The "azobihrubin formed is determined by 
photometric measurement 

Procedure 141 Dilute 1 ml of unhemolyzed plasma or serum to 10 ml with 
water, and mix Blank Place 5 ml of absolute methyl alcohol in a test tube 
Add I ml of the blank hydrochloric acid solution, mix by tapping, and add 
4 ml of the 1 10 diluted serum or plasma Mix gently by inversion Un- 
known Place 5 ml of absolute methyl alcohol in a second test tube Add 
1 ml of freshly prepared diazo reagent, mix by tapping, and add 4 ml of the 
1 10 diluted serum or plasma Mix gently by Inversion Care must be taken 
to handle both blank and unknown tubes in the same manner, so that any' 
turbidity which may form will be the same in both tubes Allow to stand 30 
minutes for color development, then transfer to suitable containers and read 
in the photometer at 540 m^ Set the photometer to zero density with the 
blank This compensates for any extraneous color or turbidity present in the 
unknown 


m Gnffitl s Btochem J 26 1155 (1932) See also Najjar Pediatrics 10 1 (1952) 
Colo and Lithe J Clin Path 6 99 (1953) 

l ” Snider and Reinhold Am J Med Set ISO 248 (1930; 

149 Cool id gc J Biol Chem 132 119 (1940) Martin J .dm Chem Soe 71 1230 (1949) 
141 For review see Gray The Bile Pigments New \orh John W iley A Sons 19o3 
141 Malloy and Eaelyn J Biol Chem 119 4S1 (1937) 

144 Reagents Required AM te Methyl Alcohol 

Diaza Reagent Solution A To 1 g of sulfanilic acid add 15 ml of concentrated h> dro* 
cldonc acid dissohe and dilute with water to 1 liter Stable indefinitely Sol /ton B Dis 
Bolve 0 5 g of sodium nitrite in water and dilute to 100 ml Keep a* ay from ligl t and dis- 
card when it turns y ellow Dm o Reagent Mix 10 ml of Solution V with 0 3 ml of Solution 
B Must be prepared fre^h before using 

Slant, Hydrochloric Acid Solution Dil ite 15 ml of concentrated liy droclilorie acid to 1 
liter with water Stable indefinitely 

Standard Bilirubin Sol lion Stock Standard Place 10 mg of bilirubin (obtainable from 
Lnstman Kodak Co Rochester M or Iloffma in I a Rod e Nutlei \ J ) in a 100-rnl 
v olumctnc flask add cl loroform to dissoh e and dilute to 100 ml with chloroform Keep in 
a dark bottle in the ctld Dlute stan lant Transfer 10 ml of stock standard to a 100-ml 
volumetric flask and d lute to tl e mark with mcthvl alcohol Mix This standard contains 
0 01 mg of l ihrubin per ml Prepare just before using 


5g( . rnACTIlAL l’lIYMOLOClCAI ClirtllSTItr a ‘ a P 23 

ml o( scrum from a pi,.. «•>«. „H. deH>«r »rc„m«b b«»«n 

not blow out the plpet ^ ** CM 8Ce p 513 ) at 660 m*. th>*nol 

measure the absorbancy (optical density, P ' turbidity etceeds 20 

*- by2 

turbulitj u„„. - V X \ -here V „ .bo M»« - £ 
unknown S of the c 1as, stand.., 1 and C „ the thymol turbrdr.J OUU.valcn 

'‘trial measurement the egg athum.n 

brrr) el a! developed for the d, term,,, at, on “ r M fie made m.h 

originally used bj Maelag.n Conipanmnagainstthe.eatnndnrrlsaho I ^ prot( .,„ 

light coming from behind tie ol <mrr Calculate r ™ U 5 CO to gw c Maclaga” 
equivalent of the standard most closely , natrli, ng the unltnorr n b> CO to gi 
amts and by TO to give Shank 1 loaglan 1 unit. 

Thymol Flocculation Decant the turbid aolu.tnn Into > 
tube of 15 ml capacity Stopper and replace In the water bath " m „„ d 

the following day Fiamlne the solution for the I' rc > enc ' of F i oc culatlon 
note also the extent to which the aupernataut fluid has cleared faring 

Teraded on a scale from 4+ (water dear) to .+ (flocculation and clearlns 
are minimal) > 

Interpretation: a Thymol Tujimdity Results may be ^P rc 
cither as Maclagan units or as Shank-IIoagland units One vwb 
unit equals tw o Shank Hoagland units The Commission on Ln cr 
of the Armed Forces Epidemiological Board lias recommend 
Shank-IIoagland units be adopted in preference to Maclagan 
Isincty-five per cent of a group of healthy subjects tested b> u . c = 0 
and associates were found to have thymol turbidities not cxcecdi g 
Shank-Hoagland units, and 99 per cent were below 0 G units, using 
procedure described here 

The thymol turbidity test is among the tests most frequently pu ^ 
in virus hepatitis, and is particularly useful during the reco\ cry pen g 
evaluation of progress and for detection of earners of viral hc ? a , lt . 
Although patients with cirrhosis may show elevated thymol tur lV flr j' 
it may fail to become positive in cirrhosis either of the Lacnnec or i 

^The thymol turbidity value is consistently within the limits 0 5 . n0 ^jt 
in bihary obstruction of recent ongin older lesions may occasionally r 
in abnormal values Since the reagent also reacts with serum lJ P* 
blood should be obtained from the patient in the postabsorptiv c s 
and confirmatory evidence sought w hen serum lipidcs arc clev ^ 
Thymol turbidity may also be imreased in any disease characterize^^ 
an elevated serum 7-globuhn content quite independently 01 
involvement Buch conditions include multiple myeloma lymphogr^^ 
loma sarcoidosis parasitic infections and others While the hver ^ 
also be involved proof can only be obtained by recourse to other 4 ' ^ 
function tests not directly dependent upon changes in serum P r 
content - 

ue the glaivi standard against a serum of known thymol turbidity The c' 3 *’’ ~, n ati° n 
deteriorates slowly but may be use J for many m nths if protected from conta 
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b Thym oil Floccuiation Clinical experience suggests that the occur- 
rence of flocculation depends upon some additional or different factors 
than does the production of turbidity 149 In general, the significance 
of a positi\e flocculation test is the same as for abnormal turbidity 
The flocculation test is less frequently positnc than is the turbidity test, 
howe\er, false positive tests are uncommon and the occurrence of thymol 
flocculation thus may be accepted with a higher degree of confidence 
as evidence of liver damage The serum of healthy individuals shows no 
flocculation Flocculation graded 1+ or more, therefore, is abnormal 

CEPH ALIN -CHOLESTEROL FLOCCULATION TEST 

Principle Suitably diluted serum of patients suffering from In er disease forms a 
fiocculent precipitate when treated with a suspension of cephahn and cholesterol in 
water ,M The mechanism of the reaction differs somewhat from that of the thymol 
turbidity test, the change in scrum responsible for the test appears to be primarily m 
the albumin fraction 141 

Procedure *** It Is advantageous to use conical centrifuge tubes of 15 ml 
capacity Measure into such a tube 4 ml of 0 85 per cent sodium chloride 
solution Add 0 2 ml of serum and mix well by tapping the tube tlgorouslj 
5 times Add 1 ml of cephalln-cholesterol reagent and again mix by tapping 
the tube vigorously at least 15 times Place the tube In a water bath at ap- 
proximately 25° C , in the dark and away from chemical fumes, until the 
following day Examine the tube for presence of flocculation after 24 hours 
and again after 48 hours (optional) 

Grade the reaction as l*f to 4+ as described under “Thymol Flocculation" 
(p 596) taking into account the amount of precipitate and the transparency 
of the supernatant fluid If desired, the precipitate can be removed by centri- 
fugation, the supernatant fluid decanted, and its absorbancy measured in a 


l " \oefe Gastroenterology 7, 1 (1916) 

1,4 Hanger J Clin Invest IS 261 (1939) 
l m Moore Pierson Ilanger and Moore J Clin Invest 27 737 (194S) 

V ,,s Reagents Required Cephahn Cholesterol Slock Solution The purchase of the reagent 
( antigen’ ) is recommended (Difco and Wilson brands are satisfactory) It is supplied in 
vials containing 100 rag of cephalm prepared from brain and aged and 300 mg of choles 
tcrol The contents of a vial are dissolved according to directions in U S P ethyl ether 
after addition of 1 drop of distilled water The stock solution so obtained may bo kept for 
several months if refrigerated and tightly stoppered 

Cephahn Cholesterol Reagent Measure 32 ml of water into an Erlenmeyer flask of 50 ml 
capacity w ith a mark scratched on it to indicate 27 ml Place the flask on a w ater bath on an 
electric heater and heat to 65° or 70° C W hlle the water in the flask is kept at tlus tempera 
ture add drop bv drop 1 ml of the stock cephalln-cholesterol solution rotating the flask 
at the same time Place the flask directly On the hot plate at low heat and bod gently to 
remove the ether until the volume is reduced to 27 ml W hen cool add 3 ml of merthiolate 
solution aqueous 1 1000 as a presen ativ e This reagent retains its activity unchanged for 
at least a week if stored in a refrigerator 

Precaution* Preparations of the cephalm-cholesterol reagent as purchased or prepared 
have been found to vary wilely in sensitivity Tach lot of reagent must lie assaved by 
testing serum of healths mdni luals and of a sampling of patients showing positive reac- 
tions Vcceptalle reagents do not produce more than an occasional 1 + flocculation wl on 
the sera of 1 ealtl y sul jeets are tested and on the other hand yield a high prnjtortion of 
|>ositi\e fit criilntions in patients suffering from liver disease Once a suitable reagent has 
lieen « btninc 1 new lots can be te-te 1 bv com] aring them with previous t lies 1 or best 
results tests al mild lie d >nc m duplicate using two different preparations Difficulties of 
standardising and of controlling this test make it practical only when a considerable flow 
of samples through the laboratory may be expected 
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arm by means of a different *j rlnfte and needle The exact time of completing 
the injection and of collecting the blood should he noted The blood Isalioweu 
to clot, and serum is removed for analysis Care is used to avoid hemo ysis 
Needle and syringe should be dry, and the blood should be transferred fro 
syringe to tube gently and without production of foam. 

Measliu mtnt or Dte Covet vitiation Measure 0 5 ml of the serum o 
dyed specimen Into a cuvette containing 5 0 ml of water. Add 0 5 ”* ® 

0 5 N sodium hydroxide solution Mix well and measure the absorbancy 
(optical density) at 660, 565, and 420 m M , using water for the zero setting* 
at each wavelength Maximum absorption occurs at 580 mu and this wave 
length setting Is theoretically to be preferred , however. Interference from 
hemoglobin Is less marked at 565 m« If scrum bilirubin is elevated, the * on . 
trol sample is diluted and absorbancy measured as described for the dye 
sample The figures so obtained are subtracted from those of the brom 
sulfaleln containing serum Calculate results as described below. 

Caucuiation Bromsulfalon mg p<r 100ml “/X(Uib _ 128 0«m) ~ ® 

(Urn — 1 95 Uw>) The values for Um Um and Um represent absorbancies of the 
diluted serum at the wavelengths of the subscrjpls m The value for / is obtain 
as follows determine the aV sorliancy S for each of the three standards (representing 
10 25 and5 0ing per 100 ml ) at SOI inj*. Calculate /os follows 

>~L 

whore C is the concentration of standard and S M1 is the absorbancy Average the 
values to give the value of / used in the calculation Once / has been determined 
standards can be dispensed with except lor occasional instrument checks From the 
bromsulfalem content of the scrum the per cent retention is calculated as follows 

Per cent retention «=* bromsulfalem in mg per 100 ml X 10 

A correction is applied in the method described to compensate for the presence of 
hemoglobin in serum since hemolysis of some erythrocytes may be difficult to avoi 
and 1 emoglol in w ill cause falMly high readings even at 5Go mp Tie effect of laete»- 
centre in serum is eliminated by making the absorbancy measurement at 000 mu, 
w here neither l romsulfalcin nor hemoglobin absorb light A correction may be used 
when the test is applied to jaundiced patients- 1 ** 

Ilos< ntlial and White used 2 mg of dye per kg of l>ody w eight The 5 mg per kg 
dosage however las been adopted widely and provides a more sensitive and more 


1,1 Tl e correction factors given in the calculation were calculated from readings With 
Eveljn pi otocolorimeter (see p 52G) They may be applied to readings made with o* 
phot meters provided the transmittancie* at tl e wavelengtl s used do not differ grea i 
from those obta ned wit! the Evelyn instrument If desired the factors may be determine® 
b> measuring the absorbancy A of a dilute solution of hemoglobin containing renlghlj 
to 20 mg hemoglol in per 100 ml at 420 and 5 TO mu The correction for hemolysis la caicu 
late J by means of the ratio Aut/Atn obtained from tl e readings of the hemoglobin * ota 
tion T! u corresponds to the factor 0 15 in the calculation The turl idity correction 
based on readings of a coiloiial glass suspension similar to that described under thyxu 
turbid ty (see p 595) made at 420 5^5 and 0C0 mu Although turbid solutions have no 
absorption bands their absorbanc) increases progressively from the red to the biae relpo" 
ot the spectrum Tl erefore tl e ratio Atu/A«n of the glass suspension represents the 
1) wlic) any measurements made at GGO mp must be muJfjpbed and A<r#/A»« tl« «” 
res (Kind ng fa/ tor for tl e read ng at 420 mu in r rder to correct for turbidity In tl e <* ,clU * 
tion above these ratio, are t 2S and 1 9o respectively The turbi 5it> correction will 
witl partK-le sue and therefore represent* an approximation No correction* need be aPP" 
to the standards 

*** Zter * Hanson and Hill J Lot Clin A/ed 37 40 (19ol) 
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precise test The existence of an cnterohepatic circulation of bromsulfalein 159 does 
not appear to influence the results sufficiently to necessitate a return to the original 
dosage 180 The time at which the postmjcction blood specimen is collected is not of 
great importance provided that appropriate normal standards for that time are used 
the 45-minute sampling time has proved to be satisfactory 

Interpretation. Healthy individuals, after injection of 5 mg brom- 
sulfalem per kg of body weight, retain less than 10 per cent at 30 minutes 
and 7 0 per cent at 45 minutes At 60 minutes, no dye is retained 
Bromsulfalem retention is generally accepted as the most sensitive 
and dependable among the laboratory procedures currently used to 
demonstrate involvement of the liver It is especially helpful for evaluat- 
ing suspicious or positive results obtained by means of flocculation tests in 
the absence of hyperbilirubinemia The bromsulfalem test outranks all 
others m the proportion of positive tests found in Laennec’s cirrhosis It 
has been among the most useful for following recovery from virus hepatitis 
and for detecting residual liver damage from tins disease It is probably 
the only procedure capable of detecting fatty liver, although it cannot be 
depended upon to do so consistently 

For the study of the jaundiced patient the bromsulfalem test has 
little to offer Maximal retention occurs in the presence of severe liver 
damage, and further deterioration of the liver function can have no 
additional effect on dy e retention Thus it is rarely used when hyperbili- 
rubinemia or clinical jaundice are present 

DETERMINATION OF PLASMA PROTEINS 
Introduction. The standard method for the determination of pro- 
tein is by the Kjeldahl type of digestion and oxidation converting the 
nitrogen present to the form of ammonia, which is then determined If the 
material contains nonprotem nitrogen, this is determined in a separate 
analysis and subtracted from the total nitrogen value to give the protein 
nitrogen This is then multiplied by 6 25 to give the protein value since 
the average protein contains 16 per cent nitrogen If sufficient material 
is available the most accurate version of this procedure is a macro- 
Ixjcldahl method similar to that described in Chapter 31 for the determi- 
nation of the total nitrogen of the urine For blood analysis with its 
inherent limitation in the amount of material available this is replaced 
by the various micro-Kjeldahl methods and the procedures become 
similar to the determination of nonprotein nitrogen already described 
(P 545) 

To obtain satisfactory results more rapidly and simply than is possible 
by micro-Kjeldahl methods various direct colorimetric, turbidimetnc, 
and specific gravity procedures have been developed The eolonmetne 
procedures are usually based on color reactions specific for protein or 
constituent ammo acids and are standardized accordingly Turbidimetnc 
methods rely on the comparison of the turbidity produced by preupitat 
lng reagents on proteins in dilute solution with the turbidity produced 
similarly on a standard protein solution The specific gravity methods 

•** t»orl**r nt 1 fcl i\\ O nstroe UtroloQu 20 2C ’ (1952) 

•••Owen J Lab Clin Mtd 3R 5S3 (1051) 
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are based on the fact that protem a by far the ““‘“"detmS 
Btituent of blood, and hence the specific gravrtj should be d 
largely by the protem content ,, based 

rractionat.on of the plasma proteins prior to Ee P ar f te ’ lu t, 0M 

almost entirelj on the classical methods using ™ ncen ‘ ra ‘f „ ra 

and the hulk of clinical literature is in terms of such fractions « u(]ne 
tion bj electrophoretic mobility has not J et reached the St g 
practicality, except possibly in a fen of the larger inst.tu .ons For a 1« 
tlicr discussion of the xanous methods of fractionating the ptesma iV 
terns see Chapter 22 The determination of blood hemoglobin c 
will be considered in a separate section 

1 Micro Kjeldah! Method m Principle To/ol protonr arc determined in scrum 

or plasma by a nucro-Kieldahl method employing direct n eerier, ration mlwf 
appropriate correction (or nonprotem nitrogen FibnTwgm in plasma is det ” 
isolation as fibrin folloned by digestion and direct nesrlenratlon dRumm IS 
mined by analyru of the fluid remaining after precipitating the globulin fracuo 
23 per cent sodium sulfate solution Globulin in serum is estimated by su , 

tie albumin from the total protem content m plasma bj subtracting album 
fibrinogen from total protein 

Procedure "'Total Proteins (Albumin + Globulin + Ftbrtno£en) D,lut * 
actl> 1 ml of the serum or plasma to 50 ml In a volumetric flask w 
per cent sodium chloride solution (If serum Is used, the “total protein 


i*» T1 is method is a comb ned adaptation of the procedures of various authors Th 
newilcruation m cro-hjeldahl procedure of Wong (J Biol Chtm 55 427 (1923)) eP^ 
in* persulfate for oxidation is recommended bccau«e of its superiority when protein t P of 
ent l ractnnation of the proteins with sodium sulfate solut on follows the^ pr°t‘£ c f 

Hone (J Bol Chtm 49 109 (1921)) this method is significantly unproved by the u- 
ctl er to aid in separating the albumin and globulin fractions as suggested by * 

(J Bol Chtm 133 731 (1940)) Isolation of fibrinogen as fibrin ls essentially accorai“* 
Cullen and \ an Sl>lce (J Biol Chtm 41 537 (1920)) These latter authors point oui ^ 
dc** rabilit> of using a uniform amount of anticoagulant such as oxalate in coin ?®j- rc ,n 
stu lies on plasma pre terns because of the effect of oxalate on water distribution ^ ^ 

cells and i lasina Tl ev use 5 mg of potassium oxalate per ml of blood For other 
of digestion an 1 fractionation see Campbell and Hanna J Biol Chtm 115 1 9 *5 1 

e latter authors use col ^Jfbyelectro- 
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represent only albumin + globulin.) Using 1 ml. of this diluted mixture, 
proceed as directed below under “Digestion.” 

Fibrinogen. To 1 ml. of plasma in a small cylinder add 30 ml. of 0.9 per cent 
sodium chloride solution, followed by 1 ml. of 2.5 per cent calcium chloride 
solution. Mix with a slender pointed glass rod, leaving the rod in the mixture. 
Allow to stand for 30 minutes or until a solid clot has formed. Carefully 
rotate the rod in the jelly, squeezing out the water by pressing the clot 
against the side of the cylinder at the same time. All the fibrin should stick 
to the rod and appear ultimately as a thin white sheath over the rod. If any 
bits of clot escape this process, pour the cylinder contents onto a dry filter, 
and when the fluid has drained pick up the remaining clots with the tip of 
the rod and squeeze out the excess fluid by pressing against the side of the 
funnel. Transfer the rod and adhering fibrin to a piece of dry filter paper and 
dry as thoroughly as possible by rolling against the filter paper. Transfer the 
rod and dried fibrin to a centrifuge tube graduated at 10 ml. and containing 
4 ml. of 1 per cent sodium hydroxide solution. Place tube and contents in a 
boiling water bath until the fibrin has dissolved and only a turbid suspension 
of calcium oxalate remains. This should require but a few minutes. Remove 
from the water bath, remove the rod, washing it down with a few ml. of 
Mater, and make up the contents of the tube to 10 ml. with water. Mix 
and centrifuge. Pipet a 5-ml. portion of the clear supernatant fluid to a di- 
gestion tube and proceed as described below under “Digestion.” 

Albumin. To 1 ml. of serum or plasma in a 50-ml. centrifuge tube add ex- 
actly 30 ml. of 23 per cent sodium sulfate solution. Stopper and mix by in- 
version. Add about 5 to 10 ml. of ether, again stopper, and shake vigorously. 
Centrifuge for about 10 minutes, capping the tube to prevent loss of ether. 
After centrifuging, the precipitated globulins should form a compact layer 
below the ether and above the clear albumin solution. m Slant the tube and 
insert a pipet of narrow bore, and with the mouthpiece closed by the finger, 
along the side of the tube past the packed globulin layer into the clear fluid 
below. Fill the pipet with the fluid and transfer to a dry test tube, wiping oil 
any precipitate adhering to the outside of the pipet before discharging its 
contents. Use 1 ml. of this for digestion as described below. If a centrifuge is 
not available, the mixture may be poured onto a retentive filter (such as 
Whatman No. 50) and covered with a watch glass to prevent evaporation. 
If the first portions of filtrate are not clear, return to the filter. Use 1 ml. of 
the clear filtrate. 

Digestion. Into a pyrex test tube graduated at 35 and 50 ml. (see method for 
nonprotein nitrogen, p. 545) place 1 ml. (or 5 ml. In the case of fibrinogen) 
of the solution to be analyzed. Add 1 ml. of 1:1 sulfuric acid and a quartz 
chip or a few glass beads. Digest over a microburner os described for the 
determination of nonprotcin nitrogen until excess water has been driven 
off, the solution darkens, and white fumes appear. When the tube Is nearly 
full of dense fumes, cover the mouth of the tube with a watch glass and 
reduce the flame or raise the tube so that the mixture boils gently. Con- 
tinue boiling for 3 minutes. Remove the burner and allow to cool for I 
minute. Add to the tube contents, drop by drop, 0.5 ml. of persulfate solu- 
tion. Replace the burner, tap the tube to start boiling If necessary, and con* 

,M On cold days some of the sodium sulfate raaj crystallise out during the centrifuging 
If this happens warm the tube and contents in the incubator at 17° C until thcerystals 
hate redisaolxed, add more ether, shake and again centrifuge as described 
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Calculation For colort rvlne mfagvrerrrnt 
Total Protein and Ubimtn arc calculated directly as follows 
r /ItodmsrfStajdjTd x „ 15 x !™\ _ \P\ 1 X ^ 

LVUeadingof Lnknown W J m , , . oral protein) 

= pram® proU in per 100 ml (or per cruv > 

• here 1 npre-ents the Mlu»l 'o'™ 1 - • 1 

\p\ represents the nonprotun nitrogen content in mp per cent as , 

separate analj-is For total prote.n 1 - 002, for albumin 1 - 0 0323 (lc 

Fthnnopn is calculated as follow 
Pcading of Standard y g 15 y 2 y 100 X 

Heading of Lnknown ,uw , . wema 

** prams fibrinogen per 100 ml P 

Globulin - Total Protein - (Albumin + Fibrinogen) in the case of pla=ma f° r 
serum GUbuhn « Total Protein - Albumin 

For pholometnc mraturemml Calculations are tie same except that the express 100 

Density of Unknown _ Reading of Standard >twl m the colon- 

Density of «-tanda?d Iep “ ce * th p Heading of L nhnown t 

metric calculations The limits of accurate colonmetnc or pholometnc measure 
are the same as tliose specified for the determination of nonprotein nitrogen on P- 
547 If an analyts falls outside of the*** limits the digestion is repeated oswg 
_ 1 -1 f iKp Tn»v V- nnH tlir- calculations are correct* 0 


. G25 
* 1000 


smaller or larger aliquot as the case mav be, and the calculations are c 
accordingly 

Interpretation. "Normal -values for plasma proteins, in g per 100 nd 
of pla«ma, are as follows albumin 4 G-G 7 globulin, 1 2 2.3, fibrinogen^ 
0 3-0 6 A major function of the pla c ma proteins («=ee Chapter 22) is 
aid in the normal distnbution of water between the blood and tissu ^ 
albumin being approximately twice as efTectiv e as globulin m this 
gram for gram Edema almost invariably occurs when the total pla- 
proteins fall below the critical level of 3 3 g per 100 ml Increased pla^ ^ 
protein levels are noted in dehydration, due to diminished fluid mta 
or pathologic loss of fluid from the body (diarrhea, v omiting, «urgifa 
traumatic shock, exce e «ive hums Addison’s disease), or when there is 
absolute increase m globulin content, as in various anaphylactic con- 
ditions, malignancy, liver cirrhosis, and certain chronic infections ^ 
creased plasma protein is found after loss of plasma by extrav asation ^ 
renal excretion (albuminuria) or when protein synthesis is impaired ow n 
to malnutntion, vitamin deficiencies or diseases involving the digc^ 1 
organs or liver Fibrinogen values arc increased in pneumonia and o ^ 
infections accompanied by leukocytosis or suppuration, but are 1°^” ‘ 
acute yellow atrophv of the liver poisoning due to chloroform or P ^ 
phorus and tvphoid fever High sedimentation rate of red blood cells 
associated with increased fibnnogtn values in plasma 
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2 Method of Kingsley . 184 Principle The diluted plasma or serum is treated n ith 
a special bmret reagent The color developed is compared with that of a standard 
protem solution treated similarly Bj suitable fractionation of serum before treatment 
with the biuret reagent, albumin maj be determined separately From the total 
serum protem and albumin contents, globulin is determined bj difference The method 
as described has been ahghtlj modified to permit the determination of total protem, 
albumin, and globulin on the same sample of serum 

Procedure 185 Transfer 0.5 ml. of unhemoljzed serum to a graduated centri- 
fuge tube, or small (13 X 125 mm.) test tube graduated at 10 ml. Add 23 per 
cent sodium sulfate solution to the 10-ml. mark Mix well by repeated Inver- 
sion (but do not shake), and immediately pipet out a 2-ml portion of the 
uniform suspension and place in a separate small test tube, which need not 
be graduated This is Tube 1, which will be used for the determination of total 
protein To the remainder of the suspension In the centrifuge tube add about 
3 ml of ether, stopper, and shake vigorous!}’. Centrifuge for about 5 minutes, 
capping the tube to prevent loss of the ether. After centrifuging, hold the 
tube in a slanting position and insert the tip of a 2-ml transfer pipet of 
narrow bore along the side of the tube past the white layer of packed globulin 
precipitate and into the clear fluid below Remove a 2-ml portion of the clear 
fluid with the pipet, wipe off any precipitate adhering to the outside of the 
pipet, and transfer to a second test tube (Tube 2). This will be used for the 

*** Ivingdev J Lab Clin Med , 27, 840 (1942) See also Robinson and Hogden J Biol 
Chem 135 707 727 (1940) Mehl tbxd 157, 173 (1945) An improved biuret reagent and 
procedure has been described by Weichsclbaura Am J Clin Pathol 7,40 (1945) 

1,8 Reagents Required S3 Per Cent Sodium Sulfate Solution Dissolve 230 £ of anhydrous 
reagent grade sodium sulfate in GOO to 700 ml of water m a beaker b> heating and stirring 
W Inle still warm transfer to a l liter volumetric flask dilute with water to the murk and 
mix Transfer to a clean bottle and place in the incubator or water bath at 37° C Keep at 
this temperature at all times stoppered to prevent evaporation since Borne of the salt will 
crystallize out if kept at room temperature 

Special Bmret Reagent Prepare a saturated solution of sodium hydroxide which is car 
bonate-frec (see Appendix) This saturated solution should contain about 75 g of sodium 
hydroxide per 100 ml after preparation This may be checked by titration of a diluted por 
tion Measure 92 ml of the carbonate-free saturated solution of sodium hydroxide eontain- 
mg 59 g of sodium h> droxide mto a 500-ml graduated c> Under and add water to the 300- 
ml mark -\dd 100 ml of a 1 per cent solution of crystalline copper sulfate and stir to mix 
Transfer to a clean bottle fitted with a rubber stopper This reagent is stable for months at 
xoovo \ewvp«r&VaTe The lormaVicm oi a s’ngVit sediment does not appeaT toimpavr i\5j useful- 
ness particularly in photometric measurements run with a blank and standard as described 
in the text 

Standard Protein Solution Obtain a pooled lot of normal human serum (10 15 ml will bo 
needed) Determine the total protem content of a portion b> micro Ljeldahl or macro- 
Kjeldahl analy sis (see p 501) Dilute 5 ml of the remainder to 100 ml in a volumetric flask 
with 15 per cent sodium chloride solution and mix Label with the total protem content in 
grams per 100 ml of the original serum since this value is used in the calculations This 
solution is usable for about a month if kept in the refrigerator at all times A new solution 
may be standardized by colorimetric comparison with the previous standard if deterioration 
of the latter has not occurred If this procedure is followed check occasionally bv the Kjel 
dalil method to avoid the possibility of error Since with a particular photometer the 
density of a given standard is quite constant if the analysis is properly earned out this is 
ns good an index ns an* of possible changes in the standard 

1 or colorimetric measurement three colored standards are prepared representing the 
biuret reaction on sera at a level of approximately 3 C and 0 g per cent total protein re- 
spectively The<e standards are stable for at least one month if stored in the refrigerator 
(standard / To 1 ml of serum of known protem content add 30 ml of water and St) ml of 
the bmret reagent Standard Jl To 2 ml of the serum add IS ml of water and SO ml of 
bmret reagent Von lirtl III To 3 ml of serum add 37 ml of water and SO ml of biuret 
reagent The eqtuv nlent protein v aluea for these standards used in the calculation areas 
follows standard I C/2 Standard II C Standard IH 3C/2, where <7 Is the total protein 
content of the serum used in grams per tOO ml 



606 


VpAcncAh PiirsiotocicAt, Chemistjiy 


Cliap 23 


albumin determination Tor photometric measurement, place 2 ml of the 
standard protein solution in a third tube, and 2 ml of water alone In a fourth 
tube as a blank For colorimetric measurement these latter two tubes are 
unnecessary since the unknown 3s compared against standards which hate 
already been prepared (see below and footnote 165) To each tube add 4 ml 
of the special biuret reagent, followed by 2 to 3 ml of ether Stopper, shake 
vigorously, and centrifuge for 5 minutes By means of a plpet, transfer the 
solution under the ether layer to colorimeter cups or photometer cuvettes 1 * 1 
and read within the nest 10 to 20 minutes, preferably as soon as possible 
since on prolonged standing a slight turbidity may develop which requires 
further treatment with ether and centrifugation For photometric measure 
ment, set the photometer to zero density with the blank, at 520 mu 

If the total protein content alone is desired, the fractionation with sodium 
sulfate solution Is omitted Dilute 0 5 ml of serum to 10 ml with 0 9 per cent 
sodium chloride solution, mix, transfer a 2 ml portion to a small test tube, 
and continue as described for Tube 1 above Alternatively, 0 1 ml of serum, 
measured In a pipet calibrated “to contain,* may be pipetted Into 1 9 ml 
of 0 9 per cent sodium chloride solution in a test tube, the plpet being rinsed 
several times with the diluting fluid, and this 2 ml portion treated with 
biuret reagent as described above 

Calculation For colorimetric measurement use a green filter (with maximal trans- 
mission at 520 mu) over the cj epiece set the unknown at 10 mm and read again't 
those two of the three standards described in footnote 1C5 which appear on inspection 
to be low er and higher respectn cly than the unknown Calculate results as follows 


A X — + B X ^ 


grams protein per 100 ml 


where A and B represent the equivalent protein concentrations of lower and high" 
standards respectn ely in grams per 100 ml of scrum and Ii L and Pn are the re- 
spective standard readings If the unknown reading is within 10 or 15 per cent of 
cither standard tl c comparison with the other standard may be omitted in which 
case the calculation becomes 


Reading of Standard 

JO X L X / *=■ grams protein per 100 ml of serum 


where C is tl c total protein concentration of the standard serum u=ed in grams pet 
cent and / is 0 5 10 or 1 5 depending upon whether Standard I 11 or III is 
Calculations for Tubes 1 and 2 are the same the value for Tube 1 giving total 
protein in grama per cent and tie value for Tube 2 giving albumin in grams pet 
cent Globulin = Total protein Albumin 

F or photometric measurement 


Total P rot 'in 


Density of Tube 1 , 

Density of Standard X C " £ ram s total protein per 10(1 ml scrum 
tlhumin 


Density of Tube 2 

Density of Mandard x c ** Pa®* albumin per 100 ml serum 


«Z'L i‘7j PP T 1 ior us ** * ,U 8maU tubes Wj ict can be centnfor 

° developing t and «uW,uent reeling will out tl * necc^tl t 
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Globulin 

Total protein — albumin = grams globulin per 100 ml serum 

C is the total protein content of the (undiluted) standard serum, in grams per cent 
\t 520 mjj and in a 1-cm cuvette a serum containing 7 g per cent of total protein 
has a den^itj of approximately 0 400 w hen corrected for the den^itj of the blank 
(Tig 157) Up to 11 g per cent of total protein maj be determined accurate!} under 
the conditions described For higher a alues or \\ ith deeper cu\ ettes use 1 ml por- 
tions instead of 2 ml portions in Tubes 1 and 2 plus 1 ml of water, and multipl} 
the Tesults b} 2 



Wavelength (nya) 


Fig 157 Absorption Spectra of Colored 
Solutions Obtained in Kingsley Method 
for Protein 

For biuret reagent alone ( bl ) and for biuret 
reagent in presence of serum containing 3 5 g 
per cent total protein (a) and 7 g per cent 
total protein (6) Solution depth 1 cm 

Interpretation. Values for most normal and pathological sera bj this 
method show good agreement with micro-Kjcldahl determinations Dis- 
crepancies ha\ e been noted under certain conditions, but it is not known 
whether this is due to alteration in nitrogen content or m biuret reacting 
power The method is known to gi\e satisfactorj clinical results Tor 
further interpretation, see the preceding method 

3 Determination of Plasma or Scrum Protein, Hemoglobin, and Cell 
Volume ( Hematocrit ) by the Copper Sulfate-Specific Gratity Method “ T 
Principle The specific grawtj of whole blood, plasma, or serum is established b> 
allow mg small drops of the material to fall into a series of copper sulfate solutions of 
known and varjing specific gravit} and noting whether the drops n«e, fall or rematn 
suspended under the defined conditions From the specific gra\ it} thus established, 
the pla*»ma or renim protein, hemoglobin, and hematocrit a alues are obtained on the 
basis of an experimcntallj established relationship between these xarious quantities 
If the plasma or serum protein content alone ls to be determined, onl> plasma or 
•serum is needed Approximate hemoglobin and hematocrit \ nines (w itlun about 10 per 
cent) max bo obtained with a few drops of whole blood alone Vccurnte hemoglobin 
and hematocrit \ nines are obtained l»> determining the specific grant} of both whole 
blood and its plasma 

,,r As de\ eloped Plnllips AanSljkc Dole Fmerson Hamilton and Vrelubatd at the 
Hospital of the Rockefeller Institute for Medical Research I or a gradient tube method 
base 1 on a simitar principle but using nonaejueous solvents in a single tube and suits! le for 
xerj small amounts of serum see Lowr> and Hunter J Biol Chem 159 4G5 (1945) 
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Procedure. Venous blood Is C ""'^ 11 ^ ) , lc“r»l«v(* n «'r tlp) btoo4 t 

(tourniquet applied lor no. over one mlnote). P and hemamcxl 

be used! except In .hod. for ‘^e appioxlmol ..he , , , r 
determination. To obtain p • d film ot heparin .“tilde 

drawlnft to a container havlnft either a uric cxpc( . tcJ or a dried 

provide approximately 0.2 m2, for mcl( . n t to provide no' or 

film of the Heller and Paul and centrlfupe. If bo* 

IZt WooTondp^ma "e“ant'ed. <*«'" 

,rom — c 

'"prtp'LTltrle. of ..andard copper .ulfate 

,„2 specific eravlty.m For the mn accurate work^ ^ 0 001 

“mce.'por’plLma and ‘serum, the ranfie of .pec, he firavlty covered .hou 

1.015 to 1 035; for whole blood, 1.035 to . • , a hc | C ht of about I 

Allow a small drop of the >■" ” *' ^ .tandurd copper .ulf.« 

cm. above ,b. solution l S ;"^X.PPfOx.ma.e,y «»«£**'£* 
expected. The smaller the drop the ■ bett. T! 
medicine dropper with a drawn-out t IM 
Inqe needle. If the .ample Is » h “h“ , b . 

heparinized Wood, the cells and pla«m» ” mJ j,. 
thorouchly mixed by repeated ‘"v'”'™ ,, medi- 
ately before use, otherwise serious error"" J0 _ 

Observe the behavior of the drop n.lWn j 

recond period after ,t ho, toll k 
it! Jail. If the drop rise, at f “f '“Ju.lnuM 
It Is lighter than the test solution, “ 1 after 

to fall, It U heavier; If It remains « ta,, °"® ' tj 
momentum is lost, it has the same »P ecin °* {aA \. 
as the solution After the 10-second peri fi 

cated, the behavior of the drop has n due 
cance, because of changes In specific gr gjpt 
to diffusion through the copper protein op 
around the drop. If the specific gravity o c9 t 

is not established exactly by the first tes . - 0 f 

the procedure with a fresh drop on so «-« 



Fig 158 Method or 
Dropping Blood into 
Copper Sulfate 


tne proceuure wun a unit — t 

higher or lower specific gravity as the case 
until a solution Is found In which the 
remains stationary, which gives the spec j. 

Uopper bdwatis ity 0 f t he sample, or there are two adjacen^ ca , c 

ards In one of which the drop rises, and In the other it falls *“ * log {be 
Interpolation between the values of the two standards is u9e ° ; / >y sl ble to 
relative rate of rise and fall In the two solutions. It should be P theffl 
Interpolate to one-quarter of the difference in specific gravities betw {t be 

Thus by experience one should be able to tell whether the specific gra oth er 

drop is halfway between the two standards, or nearer to one than to 

,t> Dissolve 3 g of ammonium oxalate and 2 g of potassium oxalate m 
to 250 ml Pipet 0 05 ml of this solution for each ml of blood to be n a T& cU ' lfn 

(small te«t tube or bottle) spread in a film and dry in an incubator at 37 ^ ° 
desiccator See Heller and Paul J Lab Chn Med 19, 777 (1934) 

»»» Bee Appendix 
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If oxalated whole blood and plasma are used, correct the observed values 
for the oxalate by subtracting 0 0004 for each mg of oxalate mixture present 
per ml of blood, applying the correction to both ivhole blood and plasma 
results Heparinized blood or serum requires no correction Use the cor- 
rected \alues in obtaining results 

Calculation From the determined specific gravities, results are obtained bj refer- 
ence to the line chart show n in Fig 159 For approximate hemoglobin and hematocrit 



Fio 15*1 I t\E Chart for C^ltoutivo Plasm* Phot* ins Hfmoouibin, 
JIlmatocrit rnou *» rrctnc Gsomrs or Plasma uii Blood 
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to rn,un..onu»,ngw>ol^ 

Mood BpoaCo Rim Hies have boon dote™*"*d and hematocrit value* 

measured values on their nspectn o scales and the hem R content in grams p« 
the intercept on the middle scale bur ^ » -« h - ^ w , t 

100 ml , the left hand scale is u-e.1 II » rum la ^ m , „f serum 

,s 11-1 J the result* then being in term, el grams “ . P '° P to present evap«v 
The copp* r anllntc solutions are permanent ll kept ntopperm lts ,»1 

ration A given standard may be used over and over aga • “ ml Thu, * 

umo ol blood, plasma, or semm has been added 1 C , one i small C P P ^ „ 

100-ml portion serves lor about 100 tests or r standard and to discard l 1 

keep a reronl ot the number of drops added to a gnen B, “"d“ J prccipi 

when the indicated limit 1 an been reached The nobilionn arc ^ 1^ ££ m tl , 
tated material ordinarily settling to the liottom It any tapping 0 

surface film either during or alter an nn.ly.is it should bo idnlodgo 1 PI ^ 
remo, ed with a « ooden appl.eator sink before further use The -hen , g I rfet 

bloo 1 will impart a greenish color to used otnndards, this d«s P 1 >tandar d, 

tiveness Temperature control is necessary only in the preparatio t 
u dcscrihcd m the Appcn l,x once the standards are prepared, further temp 
control is ordinarily unnecessary 

Interpretation. Sec previous methods , ore 

Other Methods The micro-Kjcldahl method may be matt JC 

accurate by distillation followed by ncsslenzation or titration, gas 
determination of the ammonia may also be used Sec discussio o{ 

protein nitrogen determination on p 548 The colorimetric m 
Greenberg 170 is described in the eleventh edition of thnooo^ 
determination of the specific gravity is the basis of the lading , nlC al 
method of Barbour and Hamilton, 171 which has found considerable ,, 
application Tor a turbidimctric method sec Looney and > 


DETERMINATION OF HEMOGLOBIN 

Introduction. In spite of the great clinical importance of 
globin determinations as a rule they are the most poorly conductc ^ 
blood chemical analyses The majority of so-called office instrum ^ ^ 
the hands of the average w orker are know n to give errors as high as 'j 
cent The \ cry fact that a method is adapted for small amounts o 
should presuppose accurate calibration and use of pipets, careful * 
and color match and frequent checking of both instrument and 
cian on blood of known hemoglobin content , 

I he standard method for the determination of hemoglobin, ® n . 
one upon which almost all others are ultimately based is the " ctcr fl( . t jj) 
ttoti b j gasometne methods of the oxygen-binding power ipxygcncaV 
of tlio blood This method is described in dt tail in Chapter 2i An a 
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tage of this method is that Mhen properl y carried out the results represent 
the functional hemoglobin of the blood, or that portion which is capable 
of carrying oxygen, 173 and do not include such nonfunctional pigment as 
methcmoglobin, carbon monoxide hemoglobin, etc., as is the case with 
most of the other common methods Results by the oxygen capacity 
method may be expressed directly in terms of oxygen, as volumes per 
cent, i.e,, ml. of bound oxygen per 100 ml. of blood, or they may be con- 
verted to grams of hemoglobin by making use of the empirically estab- 
lished fact that 1 g of hemoglobin is capable of combining with 1 36 ml. 
of oxygen under optimal conditions. 17 * Thus an oxygen capacity of 20 
volumes per cent corresponds to a hemoglobin content of 20/1.36, or 
14.7 g per 100 ml. 

Another method for the determination of hemoglobin which is also 
suitable for standardization purposes, particularly in laboratories where 
gasometric equipment is not available, is to determine the total iron 
content of the blood. The iron content of hemoglobin has been accurately 
established at 0 340 per cent, 174 and the hemoglobin iron ordinarily repre- 
sents 98 per cent or more of the total blood iron. Thus if the iron con- 
tent is determined, the hemoglobin content may be accurately estab- 
lished. A simple and reliable colorimetric procedure for tills purpose, 
developed by Wong, is described elsewhere in this section. 

Direct colorimetric procedures for hemoglobin determination range 
from the most simple to the most complex, with a corresponding range in 
accuracy. They utilize either the color of the blood itself (diluted or un- 
diluted as the case may be) or the color produced by treating blood with 
various reagents The color is compared with, or measured in terras of, 
a standard color obtained from or representing a blood of known hemo- 
globin content. These procedures 
are best used in conjunction with the 
ordinary laboratory colorimeter or 
photometer as described below . For 
clinical purposes, a number of spe- 
cial “ hemoglobin ometers” of vari- 
ous types have been designed. The 
Dare hemoglobinometer, one of the 
simplest of the clinical instruments, 
is based on comparison of a film of 
undiluted blood of uniform depth 
w ith a red glass plate of graduated 
intensity winch has been suitably standardized. In the Spencer “Hb- 
Meter” (Fig. 100), the absorption of light by the hemoglobin in a layer 
of hemoiyzed blood of fixed depth is compared with light absorption of a 
standardized glass wedge. The widely used Salih type of clinical liemo- 
glob'mometcr (Fig. 101), is based on treatment of the blood with dilute 
acid to produce the brown “acid liematin” color, followed by dilution 
until the color exactly matches a standard brown glass plate. Trom the 

*** The desirabilitj of this distinction ma> be limited under certain condition*, as for 
example in methemoglobinemia Pec alio Itimington* Ann. Jlrc Btochtnu, 12, 410 (19-13). 

‘i* lhrnhaxt nnd Skegcs J. Biol. Chrm , 147, 19 (1943). 



Fig ICO AO Spencer IfB-AfETER. 
Court es} , American Optical Companj . Buffalo 
N Y. 
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dilution required, the hemoglobin .ontent is rcacUj 
strument is frequently icry carclcssl} used, iwtli rare h^^ 
capable of giving results accurate to within o per cent o ^ 

moot of the 1 photoelectric cell hns i produced hemoglobmometere of f _ 
the Fisher “Elcctro-hemometer” is an example (r.g 10-) Moo j 

scntially a onc-purpo‘e desk-model photoelectric photometer, 



Fio 1C1 Sahli Hemoolobivometek 

Courtly Klett Manufacturing Co 



tio 1C2 FisiierLlectro-iieiiometeb- 

Courtesy Ftaber Sc entifie Co 


sample, appropnately diluted in the glass tube is placed in the instru 
and the hemoglobin content read directly from the scale, which is 
brated by the manufacturers n 

Tor all hcmoglobinomcters supplied with a ready-made calibrfl ^ 
regardless of type or source, the desirability of checking the calibration 
intervals with blood of known hemoglobin content cannot be overemp 
sized Manufacturers do not use these instruments, they merclj ® ^ 
them, and the conditions of calibration and use may vary from tun® - 
tiftie and differ from laboratory to laboratory Only by careful chec 
under the conditions of actual use is it possible to eliminate errors » 
tins source . 3 

It has been the custom among clinicians to express hemoglobin va 
in terms of per cent of some arbitrarily established normal Unfortuna e ' 
there is no general agreement as to what the “normal” value should ^ 
for the very good reason that the hemoglobin content of the blood o 
normal individual depends upon such factors as age, sex, oceupati ^ 
climate, altitude and other environmental circumstances etc , an . ^ 
obviously also influenced by the red cell count of the blood and fac 0 t 
which cause normal \anation in this respect The confusion atten . 
to the use of “ per cent of normal’ is illustrated by the fact that a u 
hemoglobin content of say 14 5 g per 100 ml , which is an exact va 
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,0 ml of dilute hydrochloric odd Rinse tempo 

up the add and blowlni back scrcrat time, Allow o .mnd at ro ^ 

ature for at least 1 hour to complete color RK ,J In the 

sential, place in hot tap water (50 to 55 C ) for 1 , . „i u tlon 

colorimeter or photometer aSalnst the standard acid hemaun 
For photometric measurement, set the photometer to aero density 
water or dilute add as a blank, at 510 mn 

Caocclatios For colorimetric measure! lent 


Reading of Standard x „ 075 x J29 X ^ 
Heading of Unknown 0 0o 100 


— grams hemoglobin per 100 ml kloof 

In this calculation the 0 075 represent, the hcmoglol ,n content of ‘^ifloM 
per 100 ml the 0 0a is the r olumc of blood taken and the 10 (m * unll of 

represents the rolume to which the blood is diluted If smaller or Urgtr 



Fig 163 Absorption Spectra op Colored 
Solltions Obtained in Acid IIeuatis 
Method tor Hemoglobin 
For (a) 7 o g. per cent hemoglobin and (6) 
15 g per cent hemoglobin each at a 1 200 
dilution Solution depth 1 cm 


blood are used at the same or different dilution \olumca change the caleula 
accordingly A blue glass or gelatin filter o\er the eyepiece of the colorimeter imp 
the precision of color match 


For photometric measurement 


Density of Unknown 
Density of Standard 


100 lu 

X 0 07o X X = grams hemoglobin per 


100 ml Wood 


The acid hematin color which is really a colloidal suspension of hemm (see 
22) has no characteristic peak hght absorption in the wsiblc spectrum (Fig- 
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The choice of filter depends largely upon the sensitivity desired. At 520 m ft, and in'a 
1-cm. cuvette, the standard (equivalent to 15 g. per cent hemoglobin at a dilution of 
1:200) has a density of approximately 0 500, and agreement with Beer's law is excel- 
lent over the entire range of hemoglobin content apt to be encountered. 

This method has the advantage of a relatively permanent standard, in terms of 
which each unknown may be measured It will probably be found that for a given 
photometer and filter or w a\ elength setting the density of the standard will be con- 
stant and reproducible from day to day if mechanical or other changes do not occur 
m the photometer and if measurements are made under uniform conditions. In this 
event, the established density of the standard may be used in the photometric cal- 
culations without the necessity of reading the standard at each analysis. To eliminate 
error due to any changes in cahbration, however, it is advisable to check the standard 
reading at intervals. 

Interpretation. The hemoglobin content as determined by either the 
“acid hematin” or 4 ‘ alkali hematin ’ 1 methods represents total hemoglobin, 
i.e., the methods do not distinguish between hemoglobin itself and such 
nonfunctional derivatives as methemoglobin, carbon monoxide hemo- 
globin, etc. Thus the results are apt to be slightly high as compared to 
oxygen capacity measurements, particularly in the case of city dwellers 
and chronic tobacco smokers, whose blood may contain up to 5 per cent 
of its total hemoglobin as carbon monoxide hemoglobin The “acid 
hematin ” method as described is not applicable to the blood of species 
possessing nucleated erythrocytes (i e , birds) because of the turbidity 
caused by the nuclei; 180 the “alkali hematm” method does not have this 
disadvantage. 

In normal individuals, at birth the blood hemoglobin content may be 
over 21 g. per 100 ml. of blood, dropping to about half this value, or 
around 11 to 12 g per cent, during the first sLx months after birth, and 
remaining at approximately this level up to about three years of age, 
after which there is a gradual increase until the age of 1G or so is reached 
At this point, the hemoglobin content reaches a level which tends to be 
maintained throughout life; for males this level lies between roughly 14 5 
and 16 0 g. per cent; for females, 13.5 and 15 0 g. per cent. As indicated 
on p. 613, the sex dilTeience is due largely to differences in red cell count. 
This factor does not appear to explam the effect of age on hemoglobin 
content. 

Aside from age and sex, other factors which influence the normal hemo- 
globin content include climate, altitude, exercise, menstruation, diurnal 
variation, and in general any factor which influences the red cell count or 
plasma volume A decreased hemoglobin content is found in the various 
anemias, in pregnancy, after moderately severe or chronic hemorrhage, 
and following the excessive intake of fluids. An increased hemoglobin 
content, usually accompanied by an increase in red cell count (poly- 
cythemia) is found in hemoconcentration due to either shock or dehydra- 
tion, in anoxia caused by either low’ oxygen pressure (high altitudes) or 
failure to properly oxygenate blood because of cardiac or pulmonary 
involvement, and experimentally after the administration of cobalt salts. 


,M tor adaptation o[ the "acid hematm” method to chicken blood, see SchulUn and 
EUehjem: J. D Chtm , 105, 253 (1934). 
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2 Method oi Neucomer trine, pic The W » Stated »‘jh ‘ 

chloric acid to produce the liroiui acid hcnuitm co or ' J opiate u hich has 

procedure Thu is then matched in a colorimeter »6ami>t al.ro ^ P* ^ ^ , 

Z£U -tuc used, harm* been re- 
placed by the various photometric procedures 

3 Direct Photometric Method Principle Mood is S'the 

solution The color intensity is then measured in a photometor nt6W ^ j ^ 
hemoglobin content estimated train the established reading ot a bloo djote 

globin content under similar conditions In the procedure desen I . ^ 

ammonia toll, lion „ used tor diluting the blood 0 1 per cent «»l,u,n ea bonale ^ 
has also been proposed for this purpose "> II the diluted blood n treated 
with a bourcc of carbon monoxilc gas such as ordmar> illuminating g 
becomes the more exact carbon monoxide hemoglobin method of I aimer 


Procedure Collect 0 02 ml of blood In an accurate micropipet ca fe( 
* to contain Wipe oil excess blood from the outside of the plpet, anu 
the blood to 5 ml of dilute ammonium hydroxide solution"* In a e 
Rinse the plpet with the solution by filling and emptying 6evcra ‘ oin 
Mix, transfer to a suitable container If necessary, and read In t e P 
eter at 540 nv Set the photometer to zero density with a blank of t , n , 

ammonia solution alone For the Palmer procedure, bubble »HU dlB , 

gas through the solution (In the hood) for about 30 seconds befor 
In the photometer at 540 1(V1 ml bioo< 

Calculation Density of Lnknown X F = grams hemoglobin per iw ( 

F is a factor established by running the above-described procedure on a tcr0U n 
known hemoglobin content Obtain a sample of normal human blood and e 
its hemoglol in content by cither the gasomctric method (Chapter 24) or “8 as ® 
equipment is not availal le 1 y the method of \\ ong described on p 617 Trca ^ 
cate or triplicate portions of this standard blood by the procedure describ ^ 
From the determined density and the hemoglobin content calculate F as 0 


p ___ Hemoglobin content in g per cent 
Density 

Once established for a given photometer and filter or wavelength setting * ® ^ jj,e 
of F « ill ord nanly V e constant unless mechanical or other changes occur ^ an ge 
photometer Checking the calibration at intervals will eliminate errors due to c ^ 
in the v alue of F In general the calibration factor for one instrument and filter 
applicable to another instrument or filter even of the same make has® 

At 540 ro*i and in a 1-cm cuvette a blood with 15 0 g per cent hemoglo 
density of approximately 0 oOO when simply diluted as descnl ed after carbon ^ ^ 
ide treatment the density is approximately 0 550 For spcctrophotometric t o 

Fig 110 p 473 Beer s law is valid over the entire range of hemoglobin conteR ^ pj, 

be encountcre 1 For measurement using deeper cuvettes measure the blood mf° 
of ammonia solution instead of 5 ml establishing h on the same basis 

Interpretation In the absence of significant amounts of aboo 
blood pigments both the bimple dilution procedure and the 


Newcomer J Biol Chem 37 4G5 (1919) 55 oG9 (1923) 

** banfo 1 Shear*! and Oaterberg Am J Clin Path 3 40a (1933) 

»» Palmer J Biol Chem 33 119 (1918) d ml*- 

** lute 4 ml f coneer trated ammonium hydroxide to 1 liter with water 
able indefinitely 
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method are known to give satisfactory results The Palmer method is 
more accurate, since it is free from any error due to the presence of carbon 
monoxide hemoglobin m the blood as drawn The chief disadvantage of 
the Palmer method in the past has been the difficulties associated with 
the preparation and maintenance of a suitable standard, this is elimi- 
nated by photometric calibration The illuminating gas must of course 
be free from substances other than carbon monoxide which aie capable 
of reacting with hemoglobin If the blood contains significant amounts of 
methemoglobm, results wall be in error For the photometric determina- 
tion of methemoglobm and total hemoglobin in the presence of methemo- 
globin, see the method of Evelyn and Malloy (p 619) For other aspects 
of interpretation, see previous methods 

4 Method of Wong w * Principle The iron is detached from the hemoglobin 
molecule b> treatment with concentrated sulfuric acid in the presence of potassium 
persulfate, without heating \ftcr remo\ al of the proteins bj tungstic acid, the iron 
m the filtrate is determmed colonmetncall} From the total iron content the hemo 
globm content is readily obtained, since hemoglobin contains 0 34 per cent of iron, 
and only about 1 to 2 per cent or less of the total blood iron is nonherooglobin iron 

Procedure m With an Ostwald or micropipet, accuratel> transfer 0 5 ml of 
well-mixed oxalated whole blood to a 50 ml volumetric flask Add 2 ml of 
iron-free concentrated sulfuric acid Mix by whirling one to two minutes 
Add 2 ml of saturated potassium persulfate solution Mix and dilute to 
about 25 ml with water Add 2 ml of 10 per cent sodium tungstate solu- 
tion Mix Cool to room temperature under the tap, and dilute to volume 
with water Stopper and mix by inversion Filter through a dry paper, col- 
lecting the filtrate in a dry flask Prepare a standard in a second 50 ml 
volumetric flask b> adding to about 25 ml of water In the flask the follow- 
ing 2 ml of concentrated sulfuric acid, 2 ml of saturated potassium per 
sulfate solution, and 2 5 ml of standard iron solution containing 0 I mg 
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of feme iron per ml Cool to room temperature, dilute »« h 
mark, and mix For photometric measurement, prepare a blank s 
the standard except that the standard iron solution is omitted. 

Measure 10 ml of unknown filtrate, standard, and blank if 
Into separate test tubes To each add 0 5 ml. of saturated persu a 
tion followed by 2 ml of 3N potassium thioejanate solution Mix by in' 
and read in the colorimeter or photometer within the next 30 minu es 
photometric measurement, 6et the photometer to zero density wit 
blank, at 480 . . j, 

An alternative procedure for color development using thioglycollic 
as follows To the 10 ml portions in small flasks or test tubes as dcscr> 
above, add 0 1 ml of thioglycollic acid, 1,7 and 2 ml of concentrate a ^ 
momum hydroxide Mix well, coo! to room temperature by placing in c ®^ 
water, and read in the colorimeter or photometer at any time within 
next hour Just before reading, shake again, the color may fade on P 
longed standing but it can be immediately restored by shaking in air 
photometric measurement, set the photometer to zero density with 
blank, at 540 m/i ^ 

Calculation For colorimetric measurement, using either the thioejanate or 
glycollic acid procedure 

B3B x 1 »* ■ x & >< T3 - — * — p- »“ 

The value 1/3 4 represents the fact that 1 g of hemoglobin contains 3 4 nag of noBj 
If this factor is omitted in the calculations the result gn ts mg of total iron P c *’ , 
ml of blood Under ordinary circumstances, less than 2 per cent of the total b 
iron is from sources other than hemoglobin, this nonhemoglobin iron is fbere 
niglectcd in the calculation of hemoglobin content or a suitable correction may 
made 



■Wavelength (ayu) 

Fig 1G4 Vbsokption Spectra of Colored 
Solutions Obtained in Wong Method for 
Iron and Hemoglobin 
lor standards containing (a) 1 2-, mg. and 
(I*) 2 o mg iron in oG ml Solution depth 1 cm 
F or photometric measurement using cither procedure 


Density of Lnknoun „ __ 100 1 

Density of Standard X02 ' ,X cTr X 3l“ P 3 ™ 8 hemoglobin per 100 


inL blood 


The thioe janate color has maximum absorption at about 48(1 mu (Fig 1 64) At tM 

• *» Burme.ier iJ Bu J Chem I0S ISO (1914; adds sodium »ulfite solution prior to 
ng the ti ioeI> « Hie acid to reduce tl e pertullate Ttu does not appear to be neces*»0 
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w av elcngth andinal-cm cuvette the density of the standard described is approxi 
mately 0 7o0 Since the standard corresponds to a blood iron content of 50 mg per 
cent equiv alent to 14 7 g per cent hemoglobin all v alues of hemoglobin ordinarily 
encountered may be satisfactory determined under these conditions With deeper 
cuv ettes use a a ml aliquot of filtrate instead of 10 ml add 5 ml of the reagent blank 
solution used to set the photometer to zero density develop and read the color as 
described and multiply the results by 2 If, a filter at 4S0 m/i is not available equally 
satisfactory results at about 40 per cent lower scale reading may be obtained at 420 
or 520 iiifi. 

The thioglycollic acid color has maximum absorption at 540 m/i As compared to 
the thiocyanate color the density of the standard under similar conditions is con 
siderably less bemg approximately 0 240 at peak absorption This is not too low for 
accurate photometric measurement however and the color is superior in many 
respects to the thiocyanate color for analytical purposes Excellent agreement with 
Beer s law is found up to double the standard concentration at almost any w a\ elength 
betw ecu 400 to oSO m n The only disadvantage appears to be a tendency of the color 
to fade on standing as already mentioned restoration to the original value is easily 
accomplished by brief shaking in air 

Interpretation. This method is recommended for standardization of 
other hemoglobin proceduies m the absence of facilities for determining 
oxygen capacity For other aspects of interpretation, see previous 
methods 

5 Photometric Determination of Methemoglobm and Total Hemoglobin 
( Method of Exelyn and Malloy ) u * Principle Methemoglobm has a characteristic 
light absorption at 635 mp (see Fig 110 p 473) this absorption is abolished in the 
presence of cyanide which converts methemoglobm to cy anomethemoglobm The 
difference in light absorption at 635 before and after adding cyanide is a measure of 
the methemoglobm present Total hemoglobin is determined by converting all the 
hemoglobin present to cyanomethemoglobin and measuring the light absorption at 
O40 mu Evelyn and Malloy aLo describe a procedure for measuring sulfhemoglobm 
with the same sample this is omitted here because of the uncertainty associated 
w ith standardization For details see original article 
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(a) Metheuoglobis Determine the density of the Mtutlon In ^ read . 

at 635 m,, setting the photometer to zero density with wat^ ^ ^ ^ 
lna Di Add 1 drop of neutralized sodium cyanide to th & 

“ t m alto, to stand 2 minute, and make a second re ading, D„ w n ^ 
Hie' same conditions as the first reading. The dllIe ""' e aIcula ,ed as de- 
„ the measure ol the methemoglohin content which is 
scribed below. Any slight turbidity present I. immaterial, since 

same in both readings. r-vanide as ju»t 

(b) Total Hemoglobis Use either the sample treated with O' !obln 

described, or the original 1 101 dilution ol the blood U 
alone is to be determined. Add 1 drop ol concentrated ammonium 
,de to the entire 10-ml. sample to clear It, mU, and transfer a nh P 
to a test tube containing 8 ml. ol M/15 phosphate buffer at pH 6 6 and 
ol 20 per cent potassium lerrlcjamde. Mis and allow sodium 

to conyert hemoglobin to methemoglobln. Add 1 drop ol 10 per c 
cyanide, mm, and again allow to stand 2 minute, lor the Io "na' io " sitting 
methemoglobln Determine the density in the photometer at mp, 
the photometer to aero density with a blank consisting ol 10 ml a 
phosphate buffer plus 1 drop each ol the letrlcy anlde and the sodium C) 
solutions. Let this reading be D,. 

Calcllahos (o) Methemoglobln 

(Di — Di) X Fu = grams methemoglobln per 100 ml blood 

iv here Pu is a factor expressing the relationship between a known amount 
mo glob in and the change in density at 633 mji after adding cyanide This a 
established as described below 

(6) Total Hemoglobin 

DiY.Pt = grains total hemoglobin per 100 ml blood 
w here Ft is the calibration factor for hemoglobin as c> anomcthemoglobin, determ 
as described below hu rnflH 

Determination or Calibration Factors 1,0 Obtain a sample of normal i 
blood and determine its hemoglobin content by cither the gasometnc method (C a 
24) or the iron method of Wong (p 617) Of the well mixed blood, transfer 
to a tube containing 9 2 ml of M/CO phosphate buffer at pH 6 6 and 0 1 ml o 
cent potassium femcj anide solution Mix allowr to stand 2 minutes, and then 
mine the density (■= Di) in the photometer at 635 m/i setting to zero density » 
blank consisting of 10 ml of the phosphate buffer plus 0 1 ml of the femcj an> ^ 
Mter the reading has been made add t drop of neutralized sodium cy anide 8olut \° e ^ ef 
both the entire sample and blank mix and allow to stand 2 minutes and again ^ 
mine the density ( = Di) against the blank at the same wavelength The factor M 
calculated as follow s 
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The factor is therefore 


(0 357 - 0 055) 0 302 


To obtain Fr dilute a 2 ml portion of both the feme} amde-cj amde treated stand 
ard and blank to 10 ml with water and mix Set the photometer to zero densit} at 
540 him with the blank and determine the densit} of the standard (= D s ) 

_ _ Hemoglobin content of standard in g per cent 


To illustrate the Dj reading for the blood containing 15 2 g per cent hemoglobin was 
0 211 Therefore Fr - 15 2/0 2U = 72 0 

Once the> have been carefully established for a particular photometer and filter or 
wavelength setting these factors should be valid indefinitely unless mechanical or 
other changes occur in the photometer Checking at interv als w ill eliminate errors due 
to such changes 

Interpretation The limit of precision of both the methemoglobm and 
total hemoglobin methods as described here is about 0 1-0 2 g per 
cent Using these methods with a Beckman spectrophotometer, m a study 
of 14 normal young men daily over a four day period it was not possible 
to find even 0 1 g per cent of methemoglobm m any except three random 
samples Paul and Kemp, 191 using a similar procedure but at a lover 
dilution of blood (and therefore possibly increased sensitivity), claim 
that small amounts of methemoglobm (0 03 to 0 13 g per cent) are regu- 
larly present in normal blood Increased methemoglobm content ( methe - 
vioglobincnna) is associated with the administration of a variety of drugs, 
such as mtntes, aniline and derivatives sulfanilamide acetanilide, etc 
When the drug is discontinued, the methemoglobinemia begins to 
decrease, it is thought that methemoglobm can be converted back to 
hemoglobin in the red cell, hence any evident methemoglobinemia pre- 
sumably represents a balance between rate of production and rate of 
reconversion to hemoglobin 192 

The cyanomethemoglobm method for total hemoglobin is considered to 
be one of the most accurate of the colorimetric methods Results will be 
slightly in error m the few instances where the relatively rare pigment 
sulfhcmoglobm is present, Evelyn and Malloy ( loc cit ) discuss this possi- 
bility of error and describe a correction for it Tor further aspects of 
interpretation, see previous methods 

Other Methods. Hemoglobin may be quickly and accurately de- 
termined along with, the total plasma protein, by the copper sulfate- 
specific gravity method (p 607) The use of pyridine hemochromogen has 
also been adv ocatcd as a basis for colorimetric or photometric measure- 
ment 191 Among the advantages claimed is that the method may be 
accurately standardized using pure hcmin Ultramicromethods based 
on the benzidine color test for blood (sec Chapter 22) have been described 


m Paul and Kemp Proe Soe hzp/l Biol Med 56 55 (1944) 

1,1 Cos and V endci J Biol Chem HI 331 (1942) 

IM llituington Brit, Med J 1 , 177 (194-) 1 link and V at*on J Bud Chem 146 171 
(194.) 
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by Wu"‘ and by B.n g and Baker - Tor the 

of carbon monoxide hemoglobin, bee p U5 Govom P ’ d 

the dctermiiution of hemoglobin, carbon monoxide hunofcloDi , 
methemoglobm arc described in Chapter 2 1 

DETERMINATION OF LACTIC ACID 

Introduction. Blood lact.c acid is ordinarily ^™ ,n ^ 0 f c0 “n 
vcrbion to acetaldehyde, rvhicl, is then measured by mt l 

metnc methods A sasomctr.e procedure based upon « dat.o ^ ^ 
permanganate to produce carbon dioxide has also bee descri d ^ 
various methods, the eolonmetnc method described here is y 
most sensitive, being readily applicable to 0 1 ml or less of Mood ^ 
obtaining blood for lactic acid determination, precautions ; must oe 
served against the conversion of blood glucose to lactic acid t 

(gljcobj sm) The use of fluoride as anticoagulant (sec p 541) P shoul d 
glycolysis, if oxalate or hepann are used, the protein free Ultra 
be prepared as soon as possible after drawing the blood 

1. Method oj Darker and Summerton >'» Principle The glucose and od 
interfering material of the protein free blood filtrate is removed by the t 

Salkow ski method of treatment w itli copper sulfate and calcium hj droxule An 
of the resulting solution is heated with concentrated sulfuric acid to convert ^ 
acid to acetaldchj de, which is then determined colonmetrically by rcactio 
jvhjdroxy diphenyl in the presence of copper ions 

Procedure ,M Deproteimze the blood sample (whole blood, plasma) 
either tungstic add (p 543), trichloroacetic acid (p 631), or zinc hydro 

1,4 \Y u J Buichcmutlry (Japan) 2 189 (1022) w.milto® 

Bing and Baker J Biol Chem 92 680 (1031) bee also McFarlanc and 
Durchcm J 2* LOoO (1932) 

**• Avery and Hastings J Buil Chem 94 273 (1931) «hid' 

>” Fnedemann and Haugen (/ Biol Chem 144 G7 (1942)) describe a procedure i ^ 
t) e drawn blood is ejected directly from the syringe into the protein precipitating 

Barker and bummerson J Biol Chem 138 53 a (1941) kH*0 10 

i" Reagents Required SO Per Cent Copper Sulfate Dissolve 400 g of CuSO* 
about 1 liter of water with the aid of heat cool dilute to 2 liters and mix Stable inde , y0 | 

4 Per Cent Copper Sulfale Dilute 1 volume of 20 per cent copper sulfate solution 
umes with water and mix. fetore in a bottle fitted with a stopper carrying a 1 ml pip* ^ 
lehvers approximately 20 drops per ml If this is done 1 drop may be used instead 
0 05-ml portion specified in the text 

Calcium Hydroxide Powder Either tl e U S P or C P grades are satisfactory 1* et act 
vemcntly dispensed sitb a spoon spatula known to hold approximately l g- a* 100 
measurement is unimportant & 

Sulfuric Acid C oncer lr at td. Reagent-grade iron free sulfuric acid is satisfactory 
dispensed from a buret suital ly protected against absorption of atmospheric mo 
The buret stopcock is cleaned th< roughly of grease and lubricated with a little of 0 f 

itself In delivering precautions should be taken against error due to the slow dram ^ 
the 'viscous acid According to Russell (J Bud Chem ISA 463(1944)) nitrates a “ d , D ' pi r 
in the acid will interfere only grades with low nitrate content are selected and i 
tieular lot shows poor color development it is discarded . » r0 in 

p-llydroxydiphtnyl Reaaenl Dissolve 1 o g. of p-hy droxy djpheny 1 (obtamab® n 
Eastman Kodak Co II Chester N Y ) in 10 ml of 5 per cent sodium hydroxide so iQ t 
plus a little water by warming and stirring and dilute to 100 ml with water ato ^ 
brown bottle Cited with a stopper and pipet capable of delivering 20 drops P*(.r' fe ^est 
u done 2 drops may be used instead of the 0 1 ml portion specified in the text The 
is stable for many monti s deterioration is evidenced by high blank readings hicb 1 * 
Standard Lactic And Sol dion This is prepared preferably from lithium lactate w 
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(p. 572) at a 1:10 dilution. Transfer 2 ml. of the protein-free filtrate, repre- 
senting 0.2 ml. of blood, to a centrifuge tube graduated at 10 ml. In a second 
similar tube place 5 ml. of standard lactic acid solution, containing 0.01 
mg. of lactic acid per ml. In a third tube place a little water; this is a blank, 
and serves to control the small amount of color yielded by the reagents alone. 
To each tube add 1 ml. of 20 per cent copper sulfate solution and dilute to 
the 10-ml. mark with water. Add 1 g. of powdered calcium hydroxide to 
each tube, stopper, 201 and shake vigorously until the solids are uniformly 
dispersed. Allow to stand for one-half hour, repeating the shaking at leasf 
once in the interim. Centrifuge down the precipitate, and transfer dupli- 
cate l-ml. portions of the supernatant from each tube to thoroughly clean 
and dry test tubes having an internal diameter of 18 to 23 mm. 101 To each 
tube add 0.05 ml. of 4 per cent copper sulfate solution, followed by 6 ml. of 
concentrated sulfuric acid from a buret. The sulfuric acid should be added 
drop by drop at first, mixing the contents of the tube well during the addi- 
tion. The tube contents will become hot; it is not necessary to cool the tube. 
After the acid has been added to all the tubes, place them upright in boil- 
ing water for 5 minutes, then transfer the tubes to cold water (preferably 
running) and cool to 20° C. or below. When the contents of the tubes are 
sufficiently cool (but not before) add 0.1 ml. of the p-hydroxydiphenyl rea- 
gent, drop by drop, to each tube. The reagent precipitates out on entering 
the concentrated acid; it is dispersed throughout the solution as quickly 
and uniformly as possible by lateral shaking. When the reagent has been 
added, place the tubes in a beaker of water at 30° C. and allow to stand for 
30 minutes or longer. Redisperse the precipitated reagent at least once 
during this period. Finally place the tubes in vigorously boiling water for 
exactly 90 seconds, remove, and cool in cold water to room temperature. 
Transfer the colored solutions to suitable containers and determine the 
photometric density at 560 mp, using water for setting the photometer at 
zero density. 

Calculation. Average the duplicate results on the blank to obtain the blank 
density. Subtract this value from the a\ erages of standard and unknown to obtain 
their true densities Since the l-ml portion of coppcr-lime supernatant used for color 
development contains 0 005 mg of lactic acid in the case of the standard, and this 
represents 0 02 ml of original blood in the unknow n (i e , a dilution of 50), the calcu- 
lation in this case is as follows. 


Density of Unknow n 
Density of Standard 


X 0 005 X 50 X 100 = rag lactic acid per 100 ml blood 


anhydrous (For tlio method of preparing pure lithium lactate see Chapter 31) For tho 
stock standard, dissohe 0 213 g of pure dry lithium lactate in about 100 ml of water in a 
1 -liter volumetric flask, add about 1 ml. of concentrated sulfuric acid, dilute to tho mark 
with water, and mix This solution contains 1 mg of lactic acid in 5 ml , and is stable in- 
definitely if kept in the refrigerator To prepare tho working standard, dilute 5 ml of Btock 
standard to 100 ml in a glass-stoppered volumetric Oosk with water and mix. This solution 
contains 0 01 mg of lactic acid per ml , and is best prepared fresh daily. 

148 Glass-stoppered tubes may bo used or, if these are unavailable, cover tho mouth of the 
tube with a small square of 11 Parafilra,” fresh surface down, held in place by the finger tip 
"Parafilm” may bo obtained from laboratory supply houses In this and other phases of 
the procedure, contact of the solutions with tho skin must be avoided becauso of tho possi- 
bility of contamination w ith lactic acid from the skin surfaces 

*** W ide test tubes arc specified to facilitate thorough mixing by literal shaking, this is 
more important than usual because of the viscosity of tho concentrated acid used as solv ent 
After use, tho tubes arc best cleaned by simply rinsing in hot tap water, followed by dis- 
tilled water, and drying by drainage or in an oven None of the glassware Used in tins pro- 
cedure should lie cleaned with chromic arid cleaning mixture Hot soapy water followed hy 
thorough rinsing with distilled water is adequate 
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H is recommended that Ac nvcr. B e blank 
described to — error do. to poioblc to sero density, m »Wt 

blank tube may be run and used for Betting « P kw>vin arc used directly » 

case the average measured densities of standard a standard color 

the calculation The blank color is ordinarily about 10 per ccn cent 

ta.TS cuvette at 500 mil the ; «t«ndard described (e,u.i ***££* Ua , 
blood lactic acid) has a density of approximately 0 4 ( t > vaiuMb or in* 

per cent blood lactic acid may be accuratdy detcrmin cd ror b gb tone 

deeper cuvettes use smaller aliquot. same amounts 

treatment but keep the final volume at 10 ml at tta state 8 t lbe 

of 20 per cent copper snlfate solution and calcium hydroxide as descr.nc 
calculations as necessary 



Fig 165 Absorption Spectra or Colored 
Solutions Obtained in Barker Summerson 
Lactic Acid Method 
For standards containing (o) 0 002 mg and 
(b) 0 004 mg lactic acid Solution depth 1 cm 

Interpretation. Vcnoua blood of normal individuals in the 
state contains 5 to 20 mg of lactic acid per 100 ml 202 During 6 * 

exercise this may nse to well over 100 mg per cent, decreasing ra P / j 
during recovery Pathologically, increased blood lactate content is 
in general whenever there is a deficient supply of oxygen to the tis^^ 
(pneumonia, heart failure) or the organism is unable to maintain the ^ 
mal equilibrium between lactate production and utihzation, as aite ^ 
administration of anesthetics and in liver disease Usually the presen^^ 
excessive amounts of blood lactate is at the expense of equivalent amo ^ 
of blood bicarbonate, and an acidosis results This disappears as 
lactate is utilized 

2 Method of Frledemann and Graeser Principle The glucose of 
trates is removed with copper sulfate and calcium hydroxide the lactic acid j* 

to acetaldehyde, which is then combined with sodium bisulfite The bound fe 
determined lodometncally, as m the method for unne (see p 916) 

Procedure. To 10 ml of Folln-Wu or Somogyl filtrate representing 1 0 f 
blood add 2 ml of 10 per cent CuSO« and 2 ml of 5 per cent suspens 

*•* To con\ert mg per ccot lactic acid into mdliequivalenta per liter divide by jj,#/ 
*“ inedemonn and Graeaer J Biol Cfum 100 291 (1933) See also Wen del 
Chem. 101,47 (1933) Edward* #nd 133,571 (1938) 
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Ca(OII)i Shake at intervals for one half hour and centrifuge Of the filtrate 
5 ml duplicates are taken for analysis as in the method for urine (page 916) 
using 0 002 N iodine For the blank treat 10 ml of 0 1 per cent glucose in the 
same manner as blood filtrate 

Interpretation. See the previous method 

Determination of Lactic Acid in Tissues, Tissue Extracts, Etc. 
Either of the procedures descnbed above is suitable for the determination 
of the lactic acid content of various types of biological matenal For tissue 
analysis, precautions must be taken against post-mortem changes m lactic 
acid content, by prompt freezing in sohd carbon dioxide (“dry ice”) or by 
adequate treatment with acid to destroy enzyme systems present Pro- 
teins present may be removed by any of the common methods For the 
colonmetnc procedure, an aliquot of the protein free fluid containing 0 02 
to 0 10 mg of lactic acid is treated by the copper-lime procedure descnbed 
at a volume of 10 ml , and 1 ml of supernatant is analyzed as described 
for blood For the lodometnc procedure the aliquot should contain about 
0 5 mg of lactic acid This is diluted to 10 ml and treated as descnbed 
for blood 


DETERMINATION OF CHLORIDES 
Introduction. The chlondes of whole blood are distnbuted to the 
extent of about one- third of the total m the red cells and two-thirds in 
the plasma Plasma or serum is therefore ordmanly used for analysis, if 
whole blood were used, variations m red cell content would affect results 
out of proportion to their clinical significance In obtaining plasma, 
excessive amounts of anticoagulants such as oxalate must be avoided, 
since they influence water and chlonde distnbution between cells and 
plasma, heparm does not have this effect For precise work, where small 
changes m chlonde content are of significance, blood should be collected 
under oil to minimize changes m carbon dioxide tension, since this also 
affects chlonde distribution between cells and plasma (< chlonde shift, 
see “ Role of the Red Cells,” Chapter 2k) This precaution is not necessary 
in routine clinical practice, but it is important that measurements be 
made carefully, preferably using volumetnc flasks for dilution as m the 
preparation of protem-free filtrates, because of the high chlonde content 
of plasma or serum and the slight vanations which are of significance 
Chlonde content is commonly expressed in terms of milligrams of 
sodium chlonde per 100 ml of sample It is more exact, and preferable, 
to express chlonde concentration m terms of milliequivalents of chlonde 
per liter, since the major functions of chlonde in the body are concerned 
with osmotic pressure regulation and acid-base balance One milliequi va- 
lent of chlonde ion corresponds to 35 5 mg , or 58 5 mg of sodium chlo- 
nde A plasma with a chlonde concentration of 585 mg per cent expressed 
as sodium chlonde therefore contains 100 milliequn alcnts of chlonde per 
liter The general relationship between these two methods of expressing 
chlonde content is as follows 

milUcqun alents of chlonde per liter X 5 85 

= mg chlonde as sodium chlonde per 100 ml 
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1 Method of Whitehorn »* Principle The chlorides arc precipitated from ^ 
blood filtrate by means of silver nitrate m the presence of nitric acid, and the 
silver titrated with standard thiocyanate solution, using feme ammonium sul a 
indicator 


Procedure 50 *Pipct 10 ml of the Folln-Wu filtrate into a porcelain dish A^ 
with a pipet 5 ml of the standard silver nitrate solution and stir thoroufi 
Add about 5 ml of concentrated nitric acid (sp gr 1 42), mix, anil let s ^ 
for 5 minutes, to permit the flocking out of the silver chloride. Then a w * 
a spatula about 0 3 g of powdered ferric ammonium sulfate and titrate 
excess of silver nitrate with the standard thiocyanate solution unt 
definite salmon red (not yellow) color of the ferric thiocyanate persists^ 
spite of vigorous shaking for at least 15 seconds A microburet should be us 
in the titration ^ 

Calculation Subtract the number of ml of thiocyanate required fron* ° , e 
(= ml of silver nitrate added) and multiply the result by 100 to obtain the c 
content expressed as mg of sodium chloride per 100 ml To express results in terms 
millicquiv aknts of chloride per liter calculate as abov c and div ide the result by a >> 


Interpretation. Plasma or serum normally contains fro 
G20 mg per 100 ml , expressed as sodium chloride, or 98 to 
equiv alents of chlondc per liter The corresponding figures for w 
are 450 to 500 mg per cent, or 77 to 80 mtlhcqtm alents pel — - 
creased plasma chloride is noted in nephritis, and this determinate 
may aid in deciding whether or not salt should be restricted in the die 
Decreased plasma chloride may occur in gastrointestinal disturbance^ 
associated with vomiting or diarrhea, in pneumonia, and m Addison 
disease Because of the close association between water and chlon e > 
marked disturbances in water distribution (hydration dehydration) m*) 
not necessarily be accompanied by changes from the normal P^ 01 
chloride level 


m 570 to 
JOG du 111 

hole blood 

r lifer 1° 


2 Method of Schales and Schales “« Principle The sample is titrated 
standard mercuric nitrate solution at the proper acidity in the presence of dipben) 
carbazonc as indicator Chlorides present react with the added mercuric ions to ^ 
soluble but undissociated mercunc chlondc When an excess of mercuric ion has bee 
added, the indicator turns purple The end point is sharp and relatively stable 


Procedure *•» Transfer 2 ml of Folin Wu filtrate of plasma or serum («q°‘* 
alent to 0 2 ml of original sample) to a small flask, and add 0 06 ml (4 drop > 


«« Whitehorn J Biol Chem 45 449(1921) , f 

Iteagente Required Standard Sitter V Urate Solution Dissolve 2 905 g of C P 
nitrate m distilled water Transfer thjs solution to a liter volumetric flask and make uP 
t “ r?‘ c : ' luc ^horougl 1> and preserve in a brown bottle 1 ml - 
NaCl (U is to be noted that the sflver nitrate and nitric acid are not added to the 
free filtrate simultaneously To do so may result in tl e mechanical enclosure of «1' er 
solution within tl e curds and 1 ei — ■ 


Standard Thiocyanate txJuUon Because tl .oc> anates are 1 j groacopic the standard 
lion should be prepared volumetrically DumIu about 1 7 g of KCNS or X 4 g, of N««J' o0 , 
in a 1 ter of water T.trate against standard silver nitrate solution under the eoo*« { 
specified under I rocedure and dilute accurately so that 5 ml are equiv alent to 5 
tl e silver nitrate ttt lution 

Sr lid feme alu n is used ratf er than a solution in order to insure a very high conccnU^ 
Uo " l 1 to be titrated It u powdered to facilitate iu solution- 

... o’ 1 * 1 ” „ ° chaJc * J Chem U9 879 (1941) . rb *. 

Heagenta Required HtphenuUarbaiane Solution Dissolve 100 mg of *-diph eo > lc 
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of diphenylcarbazone indicator solution Titrate with the standard mercuric 
nitrate solution, using a microburet capable of being read to 0 01 ml. and 
delivering small drops At the end point, the color of the solution changes 
from light yellow to deep purple 

The plasma or serum may be titrated directly without previous depro- 
teinization This procedure eliminates errors in the preparation of the fil- 
trate Transfer 0 2 ml of sample to a small flask, add 1 8 ml of water, 0 06 
ml. of indicator, and titrate as above. The color of the solution undergoes 
several changes during the titration, becoming light yellow just before the 
end point is reached, and changing to pale violet at the end point Results 
by the direct titration are slightly higher than when a filtrate is used, pos- 
sibly because of slight loss of chloride during deproteimzation 

Calculation Results for either the protein free or direct titration are calculated as 
follows 

100 

ml mercuric nitrate solution used X — t- = milliequivalents chloride per liter 

where 4 equals the number of mL of mercuric nitrate solution required for 2 ml of 
standard sodium chloride solution If l equals 2 00, the calculation simplifies to 

ml mercuric nitrate solution used X 50 = milliequivalents of chloride per liter 

If results are desired in terms of mg of sodium chloride per 100 ml the calculation 
is as follows 

ml mercuric nitrate solution used X X 5 85 = mg AaCl per 100 ml 

Interpretation. See the previous method This method, though not 
quite so accurate as the lodometnc method described subsequently, is 
relatively simple and is Know n to give satisfactory results It has definite 
advantages o\ er the Whitehorn method It may be applied to spinal fluid 
analyses, ordinarily without deproteimzation For the application to 
urine, see A-^per, Schales, and Schales 108 

3 Method of Sendroy, Modified by Van Slyke and Hiller.™ Principle. The 
plasma or serum is treated with phosphoric acid containing cither tungstic acid or 

zone (obtainable from Eastman Ivodak Co Rochester NY) in 95 per cent alcohol and 
dilute to 100 ml Store m a dark bottle m the cold Lqinp the bottle with a rubber bulb 
medicine dropper whose tip is adjusted so as to deliver Co to 70 drops of solution per nil 
Prepare fresh solution each month 

Standard Sodium Chloride Solution Drj some reagent grade sodium chloride in an o' 3 * * 6 ** 
at 110° to 120° C overnight Cool and weigh out 5S4 5 mg Dissolve in a little water and 
transfer with rinsings to a 1-liter volumetric flask Dilute to the mark with water and mix 
This solution is stable mdefimtelj and contains 10 milliequivalents of chloride per liter or 
5S 45 mg of sodium chloride per 100 ml It is used to standardize each new lot of standard 
mercuric nitrate solution 

Stan lard Mercuric V Urate Solution Place a few hundred ml of water in a 1 liter volumct 
no flask and add 20 ml of 2 N nitric acid \dd 3 g of reagent grado mercuric nitrate dis 
solve bi shaking dilute to volume with water and nux Standardize as follows transfer 
2 ml of standard sodium chloride solution to a small flash add 4 drops of ihplienj Icarba 
zone solution and titrato with the mercuric nitrate solution from a mtcroburet as described 
in the text The number of ml of mercuric nitrate solution required equals the value 
A used m the calculations above If the strength of tho mercuric nitrate solution u ad 
iusted so that A equals 2 00 cither b\ adding more mercuric nitrate or bj dilution with 
water containing -0 nil of 2 N nitric acid i er liter as tho case ma> be tl e calculations are 
simplified (mmj text) This standard mercuric nitrate solution is stable indefinitely and need 
not l»c protected from light so that large amounts maj be prepared at one tune 

*•* J Bud Chem 168 770 (1947) 

J0 *fcendro> J Biol Chem 120 335 405 419(1937) ibid , IJ0, G05 (193J) ibid 142,171 
(1912) Nan and Hiller (personal comn \miralion) 
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picric CCiil, winch prcupiutc, ll,C '"“‘““j ” [' «rth •*“ 

of wild mlvcr lodcto end MUred c,| U>n P »| llc h pence* !«*» <** 

rc ~ u 10 ,,r “ IU " 

iodine, which is then titrated with bUndard thiosulfate 

Procedure Tran.fer 1 ml of pla.ma or aerum to a 50 
flask Add 25 ml of plio.phorlc-tunfl.dc acid or ^ j alth 

filtrate In a dry flask. 


«• llcagonts Required Pko»j>honc^Tuna$lxe Aa l Tf on “ ' r ? 0<il Ll>e follo* ed 

chloride free sodium lunette to a 1 l.tcr volumetric ‘ 1 ^\ B 'J d ^ tC %Illcr< .ni* Tu« 
bylO.nl of rea Rent- grade phosphoric «id make up to 1 l.tcr »»Jk £ 2 0 ml of cor 

state ma> bo tented for el lor.de by dissolving 1 K »» nA ofwtX . a b cent *Uier 
contmted nitric acid and fdtcnng into a test tu»« containing a few ml « * ^ c , Jonde- 
nitrate If the filtrate dote not ahovr a precipitate of uher chloride *“"*“/ «, lut , 0 n «»* 
free Tungstate may lw freed from chloride b> treating a hot concentrate ^jut.on 

an equalTolume of 95 per cent alcohol Cl term g of! the cry stal. from the cooler! ao 

washing with alcohol and drying in air . , M id reagent ** 

Photphoric Picric Acid Solution Thu may be used in place i of the twfteUo c|llorl df 
clilondb-freb tungstate w no! obtainblde nice and a eu hkelyto -1 “ , *h.» 

0 ml of phosphoric acid and 2 g of picric acid in a 1 liter flask add water eo 

10 Silver lodaleThi* must be free from more soluble lodatc* To test shake 0 * * fi 7 t r»to »» tb 
of phosphoric tungstic acid solution for 1 minute filter and titrate 10 ,nl °* * jf w ore 
0 02308 N tl losulfate after adding iodide as described above for plasma filtra ,-itb 

than 0 50 ml of thiosulfate w required at a temperature of 20 C or 1 00 ml * en0U *b 
approximately linear variation at intermediate temperatures the »odate u nos p« ^ 

To prepare pure silver lodate dissolve 42 8 g of potassium lodate in a liter 01 w off 

to it with stirring a liter of silver nitrate solution containing 34 g of silver n,t *“ 0 f the 
the preen itated silver lodate by suction and wash with water until a 10-ml P ^ >e re- 

washings when titrated with thiosulfate in the presence of iodide as dc “ r,w '“ 
quires no more thiosulfate than corresponds to the solubility of silver lodate { ulU iel 
above Stir Up the washed precipitate in 500 ini of water suck dry on tl e l» ut 
transfer to a vacuum desiccator to dry thoroughly and store in a brown bottle wa tcf 
■Sodium Iodide Solution Dissolve 50 g. of reagent grade sodium iodide in M ml ^ jo 
Store in a 1 rown bottle This solution must be discarded when a 1 ml portion ^ l0 p of 
10 ml or phogphoric-tungstic acid solution gives a blue color in the presence o ^ q 5-g 
starch solution lor occasional analyses tie dry reagent u» more economical ^ j^^er 
portion is used for each analy sis Dispense from a spoon spatula previously found 
approximately the right amount ■J.ssolvd 1 * 

Standard Sodium Thiotulfalt Solution Prepare a stock thiosulfate solution ay . ^ 5 
57.3 g of crystalline sodium thiosulfate NaiSiOj 5IIiO in water diluting to 2 "jV .osulf*** 
volumetric flask and mixing This solution is stable indefinitely To prepare the gask. 
solution used in the titration transfer 25 ml of stork solution to a 1 -liter volum e 
add 1 g. of borax as preservative dilute to volume with water and mix , )on b>' 

should be 0 02308 N Standardize as follows prepare a standard 01 N iodateso ^j uO0 jj 
dissolving 3 5G7 g of pure potassium lodate in water and diluting to 1 liter To 1 ® 0 f 
is stable indefinitely Transfer 5 ml to a small flask ad 1 about 20 ml of water an ^ ya 
1 N acid (sulfuric or hydrocl lone) Add 1 5 ml of sodium iodide solution and t> ^ 1<JB ul 
mediately with the thiosulfate solution using starch as indicator If the volume ° , ot a t 
fate required is 21 07 ml the thiosulfate is 0 02308 N and is used mt ' ,ou V. a .j lc fact® 1 
described in tl e procedure above If tome other volume of tl losulfate is required ^ ^ 0 f 
is obtained by dividing 21 07 by the vr lume of thiosulfate required Thus if ZB .„ 2 40 of 
thiosulfate were use 1 for titrating the 5 ml f standard lodate the factor is 21 01/ g,j u te 
0 007 Tins factor is tl en used in the calculations as described in the procedure b< 

thiosulfate solution undergoes slow deterioration over a period of months 1* f tsa0 ed d 
cl ecked at intervals against the standard lodate solution and a new factor o 
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Transfer 10 ml of the water-clear filtrate to a small flask Add 1 ml of 
sodium iodide solution (or 0 5g of solid sodium iodide) Mix carefully with 
one or two swirls, and titrate the liberated iodine immediately with standard 
sodium thiosulfate solution. Add the thiosulfate in rapid drops, with careful 
mixing, until the yellow color of the iodine has almost disappeared Add 2 
drops of starch solution and continue titration until the blue color disap- 
pears and the solution is colorless, or, if picric acid was used for deprotelmza- 
tion, only the yellow color of the picric acid remains 

Calculation In this procedure, 1 equivalent of chloride ion leads to the production 
of 6 equivalents of iodine requiring 6 equivalents of thiosulfate for titration Therefore 
1 ml of thiosulfate represents }£ milliequiv alent of chloride Since the 10 ml of 
filtrate titrated represent ml of sample the formula for calculation of results in 
terms of milhequrv alents of chloride per liter is as follows 

ml thiosulfate X normality X *4 X 2 !Ko X 1000 

= milliequiv alents chloride per liter 

If the normality of the thiosulfate is exactly 0 02308, the calculation simplics to 
ml thiosulfate X 10 = milhequn alents chloride per liter 

If the thiosulfate is not exactly 0 02308 \ and a factor is used as described under 
‘'Standardization,” the calculation becomes 

ml thiosulfate X factor X 10 = milliequivalents chloride per liter 

To express results on the basis of milligrams of \ T aCl per 100 ml since 1 milli 
equivalent of chloride corresponds to 58 5 mg of NaCl the calculations become 

ml 0 02308 Is thiosulfate X 58 5 = mg VaCl per 100 ml 
or 

ml thiosulfate X factor X 58 5 = mg \aCl per 100 ml 

Interpretation. See under the method of Whitehorn above This 
method may be used with Folm Wu filtrates (10 ml of filtrate made up 
to 2G ml with phosphonc-tungstic reagent, treated with lodate, filtered, 
and titrated exactly as described above, with the same calculations) , it is 
directly applicable on au unchanged basis to the analysis of spinal fluid, 
gastric contents, urine, etc , and it may be used on a microscale with 
proportionate decrease m amounts of reagents used, and suitable change 
m calculations 

4 Determination of Total Chlorides in Blood and Tissues ( Van Sly ke) *» 
Principle. The proteins are oxidized, and the chloride is precipitated, bj wet digestion 
\\ ith concentrated nitric acid in the presence of silver nitrate The excess sdv er is then 
titrated with thioc>anatc, as described in Whitehorn ’a method 

DETERMINATION OF PHOSPHORUS 
Partition of Blood Phosphorus. Whole blood contains about 
10 mg of total phosphorus per 100 ml , present chiefly as inorganic phos- 
phate, organic acid-solublc phosphate esters, and Upulc-phosphorus, with 
other phosphate-containing compounds possible present m small amounts 
The distribution of phosphorus between cells and plasma is quite uneven, 

*n Van Sl> ke J Biol CUm . 58, 523 (1023) Wilson and Ball J 11 uA Chein.. 79, 221 
(19.$) 
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for example, cells contain much more organic and total phwpl ‘ u . 
plasma, ulnlc the inorganic phosphate of "hole blood is P™ J j 
tirely m the plasma lor the determination of inorgamc f hosph^ 
total acid-soluble phosphorus, protein is precipitated » th t nd Morot 
acid and the I, ltrate used For lip.de phosphorus lie c ™‘ “ t: T 
alcohol-ether extract is obt nned In the determination of total ae^o.^ 
ble, lipide, and total phosphorus, organic matter is dcstroj td by t^ 
noth sulfuric acid and 30 per cent l.j drogen peroxide 1 hc / '* »c, 1 fiUrale 
taming solutions thus obtained (as »cll as the tnchloriucctic a b 

used for the direct determination of morgiinic phosphate) are taw ^ 
molybdic acid, ivlicrcby pliosphomoli lidic acid is formed from J 
organic phosphate present On the addition of suitable reducing agen ^ 
phosphomolyhdic acid is teh.UlM.ly reduced to yield a deep blu 
(“molybdenum blue”) ninth is apparently a mixture of ■«»« ?»““ 
molybdenum Una color is used as a measure of the amount of pho p 

P Behind Doisy m earned out the reduction with hydroquuionc in ^ 
line solution Briggs 11 * made the color more stable by using a ” at,a 
tion Benedict and Then. 11 * intensified the color by heating Inw P ^ 
dure is satisfactory where only inorganic phosphate is P rc ^! for 
scrum or plasma filtrates, but cannot be used on whole blood *“tm 
example, since any phosphate esters present may be hydrolyzed by 
heating in acid and thus lead to high values Tiskc and SubbaKow 
gested the use of 1,2,4 aminonaphtholsulfonic acid as reducing agent, ^ 
room temperature This method has been widely used, and is the o 
desenbed here Kuttner and Cohen 11 * revived the original suggestion ^ 
Denigfcs that stannous chloride be used as reducing agent, and this 
likewise found much favor Stannous chlondc has the advantage o\ 
aminonaphtholsulfonic acid that the stock reagent is quite stable a. 
the color produced with phosphomolybdatc is more intense, thus perjn 
ting the estimation of smaller amounts of phosphorus For examp . 
Shmowara, Jones, and Reinhart 117 have described procedures for p 
phate determination, using stannous chlonde as reducing agent, w 
require as little as 0 06 ml of serum A disadvantage of stannous cnlo ^ 
is that the color intensity changes continuously with time, so that care ^ 
control of the time factor is essential, and deviations from Beer's la' v a 
found, usually requiring correction factors In the authors’ expenen » 
the method of Fiske and SubbaRow has proved superior to any ° 
method thus far described 

1 Determination of Inorganic Phosphate ( Method of Fiske and 
flow 1 ’*) Prtnctple The proteins of blood arc precipitated with trichloroacetic 
'lhc protun free filtrate is treated with an acid molybdate solution, which form* P 


,1 * Bell and Doisy J Biol Chem 41 45 (1920) 

Briggs J Bui Chem 5J 13 (1922) 59 255 (1924) 
in Benedict and Theu J Biol them 61 63 (1924) 

’ * l lake and bul hallow J Bui (hem 66 375 (1925) . _ J 

11 • Kuttner and CoVien J Bwl Chem 75 ol7 (1927) also Kuttner and Liclitenst* 

Biol Chem B6 671 (1930) 

*** hi inowara Jot es and Ileml art J Biol them 142 921 (1942) 
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phomolybdic acid from any phosphate present The pho^phomolybdic acid is reduced 
by the addition of 1 2 4-aminonaphtholsuIfomc acid reagent, to produce a blue color 
whose intensity is proportional to the amount of phosphate present 

Procedure m To 8 ml of 10 per cent trichloroacetic acid solution in a small 
flask, add slowly, with mixing, 2 ml of whole blood, serum, or plasma Stop- 
per, shake, and filter through a low ash filter paper Transfer 5 ml of filtrate 
to a cylinder or other container graduated at 10 ml , and add 1 ml of the 
Molybdate II reagent Mix Add 0 4 ml of aminonaphtholsulfonlc acid rea 
gent, and again mix Dilute to the mark, mix, and allow to stand 5 minutes 

For colorimetric measurement, compare in the colorimeter against a 
standard prepared at the same time, as follows Transfer 5 ml of standard 
phosphate solution, containing 0 4 mg of phosphorus, to a 100 ml volu- 
metric flask, and add from a graduate 50 ml of water Add 10 ml of Molyb 
date I ( not Molybdate II), mix, and add 4 ml of aminonaphtholsulfonlc acid 
reagent Dilute with water to the 100 ml mark, mix, and allow to stand 5 
minutes Compare the standard against itself in the colorimeter before 
reading the unknown If the color of the unknown is particularly strong re- 
peat the reading of the unknown a few minutes later, to be sure that maximal 
color development has taken place 

For photometric measurement, transfer a portion of the colored solution 
to a suitable container and read in the photometer at 660 to 720 m>i (see 
Fig 166) Set the photometer to zero density with a blank prepared by 
treating 5 ml of 10 per cent trichloroacetic acid with 1 ml of Molybdate II 
and 0 4 ml of aminonaphtholsulfonlc acid reagent, followed by water to a 
volume of 10 ml Establish the density of a standard phosphate solution as 
fallows Transfer 5 ml of the stock phosphate standard, containing 0 4 rag 
of P, to a 50 ml volumetric flask, make up to volume with 10 per cent tri 
chloroacetic acid, and mix Transfer 5 ml of this dilute standard, containing 
0 04 mg of phosphorus, to a suitable container, add 1 ml of Molybdate If 


1 * Reagents Required W Per Cent Trichloroacetic And Dissolve 10 g of reagent grade 
trichloroacetic acid in water and dilute to 100 ml 

10 \ S If uric Acul Carefully add 450 ml of concentrated sulfuric acid to 1300 ml of 
water To check dilute 10 ml of ti is solution to 100 ml in a volumetric flask mix and 
titrate a 10-ml portion with standard 1 N sodium hy droxide Trom the titration results 
adjust the original solution if necessary to make it exactly 10 N 

Molybdate I Dissolve °o g of reagent-grade ammonium molybdate in about 200 ml of 
water In a 1 bter volumetric flask place 500 ml of 10 N sulfuric acid Add the molj bdate 
solution and dilute with washings to 1 liter with water Mix Stable indefinitely 

Molybdate II Dissolve 25 g of reagent-grade ammonium molybdate m about 200 ml of 
water In a 1 liter volumetric flask place 300 ml of 10 N sulfuric acid Vdd the raoly bdate 
solution and dilute with washings to 1 btcr with water Mix Stable indefinitelv 

Aminonaphtholsulfonlc Acul Reagent Place 19a ml of 15 per cent sodium bisulfite solu 
tlon (see below) in a glass-stoppered cylinder Add 0 5 g of 1 2 4-aminonaphtholsulfonic 
acid (satisfactory material can bo obtained from Eastman Kodak Co Rochester N" \ ) 
Vdd 5 ml of 20 per cent sodium sulfite (see below) Stopper and shake until the powder is 
hssolvcd If solution is not complete add more sodium sulfite 1ml at a time, with si nking 
but avoid an excess Transfer the solution to a brown glass bottle and store m the cold 
This solution is usable for about four weeks if kept as described 

to Per Cent Sodi tm Bisulfite To 30 g of reagent-grade sodium bisulfite m a beaker add 
200 ml of water from a graduated cvbnder Stir to dissolve and if turbi 1 allow to stand 
vell-stoppered for several days and filter Keep well sloppcre 1 
°0 Per Cent Soihum Sulfite Dissolve 20 g of reagent-grade anhydrous sodiu n sulfite in 
w ater d lute to 100 ml and filter if necessary Keep w ell-stoppered 

&lo ulard Phosphate Solution D saolve exactly 0 351 g of pure dry monopotassium phos 
1 hate in water and transfer quantitatively to a 1 liter volumetric flask Vdd 10 ml of 10 \ 
sulfuric acid dduto to the mark with water and mix This solution contains O 4 mg. of phos- 
pi orus in 5 ml It is stal to indefinitely 
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photometer whose zero U set with a Mank as dcscrlbed toUn rcp re- 

Calcllation For colon tnclnc mcature merit bmcc f j, M m tcn tim« 

sent lml of original Bamplc, and the standard containing 0 4 k 
the % olutnc of the unknown, the calculation Incomes 


lteailin); of Unknown _ P pc r 100 m. .hole Wuod. ptan». »' ■“»“ 


For photometric meaturement 


Density of Unknown ^ qqj ^ joo 

Density ot hlnndarJ _ ^ ^ j, ^ wholes Mood, pins'"-. <* K " a 


Thu density o! the standard at 000 »» m a 1-cm e.in lte II 
I ig 100), at 720 mu, the iioah position o[ the rune, the density u nbout 1 I 



Fia 10G Absorption Siectba ok Colored 
Solutions Obtained in Fiske-SlbbaIIow 
P iiosiiiATE Method 

For standards containing (a) 0 02 mg , 
and (b) 0 04 mg phosphorus Solution depth, 

1 cm 

greater Under these conditions the limit of accurate measurement corresponds to ** 
inorganic phosphate content of approximately 7 to 8 mg per cent and this ra-Dge 
proportionately reduced with photometric measurement at greater depth of so u i ^ 
To permit the covering of a greater range of phosphate concentration, the araou^ ^ ^ 
sample taken for protein precipitation may be decreased e g., 1 ml (or 0 5 m ^ g 
whole blood scrum or plasma is treated with 10 per cent trichloroacetic aci * ^ 
final \olumc of 10 ml and 5 ml of filtrate taken for analysis as described If 1 ^ 

done the calculation is the same except that the final result is multiplied by 
4, if 0 5 ml of sample was taken) The color obtained in this procedure shows 
change between 5 and 20 minutes after adding the aminonaphtholsulfonic acid reag ^ 
and the agreement with Beer a law is excellent permitting calculation of resu 
terms of the density of a simultaneously prepared standard and eliminating the n 
sity for a calibration curve 

Interpretation. The normal inorganic phosphorus content of ^ 
blood plasma or serum is about 5 mg per 100 ml in infants and c »“ 
and 3 7 mg in the adult In severe nephritis inorganic phosphorus n 
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rise 15 to 20 mg. and may bear a relation to the acidosis found in such 
cases Clinically, the most important changes are those in rickets. In the 
rickets of children or in experimental rickets produced in animals by low- 
phosphorus diets the inorganic phosphorus of the blood may fall to 2 mg. 
or loner. Treatment with antirachitic vitamin or ultraviolet radiation 
increases the phosphorus of the blood and leads to recalcification of the 
rachitic lesions. Occasionally rickets may be accompanied by high inor- 
ganic phosphorus of the blood, and the tendency of irradiated ergosterol 
to restore normal phosphorus values may be independent of its calcifying 
activity. During the healing period following fracture of a bone, an in- 
crease in plasma phosphates is sometimes observed. The phosphate level 
of the plasma of children rises during the summer and falls during the 
winter. Rickets has its greatest incidence during the late winter, reaching 
its peak in March. These findings may be correlated with the degree of 
exposure to solar ultraviolet rays Injections of insulin decrease the phos- 
phate of the plasma. 

2. Determination of Total Acid-soluble Phosphorus: Principle. The organic 
matter in an aliquot of a trichloroacetic acid filtrate is destroy ed b> digestion w ith 
sulfuric acid and subsequent oxidation with 30 per cent hydrogen peroxide The 
phosphate-containing solution is then analyzed for phosphate by the method of Fiske 
and SubbaRotr. 

Procedure.™ Prepare a trichloroacetic acid filtrate of whole blood, plasma, 
or serum as described for the determination of inorganic phosphate. Transfer 
2 ml. of this filtrate to a test tube, 200 by 25 mm., and add 2.5 ml. of 5 N 
sulfuric acid and a quartz chip to minimize bumping. Place in a slanting 
position over a microburner, with the burner tip about 2 cm. below the 
bottom of the tube, or suspend In a wire basket about 1.5 inches above an 
electric hot plate. After evaporation is complete and the mixture turns brown 
or black with no further change, remove the tube, cool slightly, and add 1 
drop of 30 per cent hydrogen peroxide, allowing the drop to fall directly Into 
the digestion mixture. Replace the tube and continue heating. The contents 
of the tube should become colorless; if not, repeat the addition of hydrogen 
peroxide and heating. When colorless, cool the tube, add a few ml. of water, 
and heat to boiling momentarily. Cool again and transfer the contents of the 
tube to a 25-ml. volumetric flask, with washings until the flask is about half 
full. Add 2.5 ml. of 2.5 per cent ammonium molybdate solution, followed by 
1 ml. of amlnonaphtholsulfonlc acid reagent. Dilute with water to the 25-ml. 
mark and mix. Allow to stand 5 minutes, then read in the colorimeter or 
photometer. 

n * Reagents Required: 10 Per Cent Trichloroacetic Acid Solution, Molybdate I Solution, 
Ammonaphtholtulfonic Acid Reagent, and Standard Phot phate Solution as described for tbe 
determination of Inorganic Phosphate (p. 631). and in addition. 

5 jV Sulfunc Acid. Till a 250-ml volumetric flask to the mark with 10 N sulfuric acid 
solution (see p. 031). Pour the contents of the flask into a 500-ml \oIumetric flask, with 
rinsings, and dilute to the mark with water. Mix. Stable indefinitely. 

2-5 Per Cent .immonium Molybdate Solution Dissohe 2 5 g. of reagent-grade ammonium 
moljbdato in water, transfer to a 100- ml. votumetnc flask, fill to the mark, and mix. As 
soon as an) appreciable amount of sediment forms in this solution, it should be discarded 

SO Per Cent llyiirogen Perorute. Onl) the lushest punt) , essential 1) phosphate-free ma- 
terial maj lie used. The products of Merck and of J T. Raker are known to be satisfactor) 
Thit reagent t» extremely eorrotite fo the thin and must bo handled carcfull) . Keep m the 
cold, 5m d use a medicine dropper for dispensing 
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For colorimetric measurement, compare against a , tankard PTCP^‘^ 
described abote lor the determination ol blood Inorganic pl>« P al . 

photometric measurement, the most accurate procedure l. to run 
jested blank and a digested standard along vslth each series ol 
This corrects lor an) phosphate or other lactors in the reason • , 

atlect the final results Dt Jested blank 2 ml. ol 10 per cent 
add, treated with sullurlc acid, evaporated, oxidized with hydroge P ’ { 

and color reagents added, exactly as described lor the “A h01 . 

standard 1ml ol standard phosphate solution, containing 0 08 ng. P ^ 
phorus, plus 2 ml of 10 per cent trichloroacetic acid, treated [ ^ ith df 

acid, evaporated, oxidized with hydrogen peroxide, and color de«P 
exactly as described for the unknown. The cotor of the digested b 
standard is developed at a final volume of 25 ml , as with the un 
Set the photometer to zero density with the blank, and deter . ^ 
densities of the standard and the unknown, using the same waveieng 
specified for the determination of inorganic phosphate on p. 632. 

Calculation For colorimetric measurement Since the standard contains 
of P in a final volume of colored solution four times that of the unknown, and 
of unknown filtrate represent 0 4 ml of original sample, the calculation is aa lo 


Reading of Standard x 0J x J_ x 100 M mg tola i ac.d-solublc phosphorus p<* 
'Heading tii Unknown 1 01 100 ml blood, photo*. 

If the reagents, particularly the trichloroacetic acid and the h> drogen peroxide, co ^ 
tain significant amounts of phosphorus, the quantity present must be established > 
blank digestion and analy sis and suitable corrections made 


For photometric measurement 

Density of Unknown x 0 08 X X 100 » mg total acid-soluble phosphorus I** 
Density of fetandard 0 4 , 

100 ml blood, plasma, or senm* 

The conditions for photometric measurement have been presented in connection 
the determination of inorganic phosphate 

Interpretation. The acid-solublc phosphorus content of normal blood 
is approximately 25 to 30 mg per 100 ml of whole blood The total act 
soluble phosphorus includes the inorganic phosphate as w ell as tho 
organic phosphate esters which are not present as lipide or nuclcoprot ^ 
material Such esters include hexosephosphate, diphosphoglytenc acidj 
certain free nucleotides, and other compounds which have not bee ^ 
characterized In the plasma, the total acid-soluble phosphorus is rep re 
sented largely by inorganic phosphate In the celLs, the reverse is tru c » 
ester phosphate being relatively much more abundant, thus interpret'* 
tion of total acid-soluble phosphorus values for whole blood must mem 
a consideration of the relative volume of cells to plasma There is s* 010 
evidence that the acid-soluble phosphorus of blood is of significance m 
acid-base balance m the body, since it is found to be considerably deplete** 
dunng experimental acidosis 


3 Determination 0/ Lipide Phoiphorur See p. 589. 


Greeowil 1 J DuA Ch cm , 43, 339 (1933) 
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4 Determination of Total Phosphorus Dilute 1 ml of blood, plasma, or 
serum to 10 ml with 0 9 per cent sodium chloride solution and mix Trans 
fer 2 ml of this diluted solution to a 200 X 25 mm test tube, add 2 5 ml of 
5 N sulfuric acid and a quartz chip, and heat over a microburner or electric 
hot plate as described for the determination of acid soluble phosphorus on 
p 633 Foaming may be minimized by blowing clean compressed air into the 
digestion tube through a fine tipped glass tube When the water has been 
driven off and the contents of the tube turn black, continue with the diges 
tion, oxidation, color development, and measurement as described for the 
determination of acid soluble phosphorus Calculation of results Is the same 
except that since the 2 ml of sample taken for analysis represent 0 2 ml of 
original sample instead of 0 4 ml as in the determination of acid soluble 
phosphorus, results are multiplied by 2 to give the total phosphorus, in mg 
per 100 ml 

Determination of Phosphorus in Tissues and Other Biological 
Material The colonmetnc method described above may be used for 
tissues and other biological material Dry ashuig may sometimes be 
necessary If little organic matter is present, ignition with a small amount 
of sodium carbonate will suffice In other cases magnesium nitrate (1 ml 
of 10 per cent) is satisfactory For tissues, carbonate nitrate fusion mix 
tures are perhaps best Porcelain dishes may generally be used, but blanks 
should be run on them Some silica will not interfere If platinum is used, 
dissolve most of the ash with water before adding acid to remove the last 
of the material, since nitrous acid attacks platmum Evaporate the total 
solution to dryness in a beaker or porcelain dish (coiered with a watch 
glass as long as carbon dioxide is evolved) Dissolve the residue in water, 
make to volume, and determine as usual 

DETERMINATION OF SERUM PHOSPHATASE ACTIVITY 

Introduction. Normal blood serum contains several enzymes or 
groups of enzymes which catalyze the liberation of inorganic phosphate 
from phosphate esters such as glycerophosphate phenylphosphate, etc 
The most active phosphatase, and the one longest recognized has an 
optimum pH of approximately 9, and is now known as ‘alkaline” phos 
phatase to distuiguish it from a second or “acid” phosphatase which is of 
limited activity m normal serum but whose activity is of significance in 
certain pathological conditions and which has an optimum pH of approxi- 
mate^ 5 Neither type of enzyme has any significant activity at the 
optimum pH of the other, although both are active at the pH of normal 
blood 1 he cnzj matic activity of serum or plasma with respect to either 
or both enzymes is established in terms of the rate of hydrolysis of suitable 
phosphate ester substrates buffered to the proper pH 

Various methods have been proposed for the determination of phospha- 
tase activity of serum Tor “alkaline” phosphatase, the method of 
Bodanshy* 11 has perhaps found the widest application In this method, 
the phosphate liberated on incubation of serum with buffered glj ccrophos- 
phate at pH 8 0 is used as an index of phosphatase actn ity, one Bodanskj 

* » UoSanstj J Btol Chtm 99 197 (1932) 101, 93 (1933) This method is described in 
U o eleventh edition of tins book. 
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unit corresponding to the liberation of 1 mg- uhntfon under these con- 
100 ml. of scrum during a ono-hour period of incubation und ‘ ^ 

ditione. In the Uodansky method, the liberated Uon3 for the 

m ith stannous chloride as reducing agent, and van01 f t °, p hatc deter- 
influence of protein precipitant and substrate on the P P 
ruination are necessary; these have been established l by the ^ 
Shinouara, Jones, and Reinhart-” claim that these correoUn 
become unnecessary under the proper conditions and bkc'Mlccl 
“alkaline” phosphatase activity should he determined at , be 
optimum pH for this enzyme. They haio desenbed procedural ^ 
determination of inorganic phosphate, alkaline P h ^p > 
“acid” phosphatase on as little as 0 00 m . of serum. King ‘ ly 
strong” 1 proposed the determination of alkaline phosphata ho , 
in terms of the phenol liberated on incubation ulth buffered phe i P ^ 
phate, and Gutman and Gutman”* have applied this pro«dur ^ 
determination of “acid" phosphatase. A disadvantage of the . -S 
Armstrong procedure is that the berum inorganic phospha ^ 

which is usually of importance along with phosphatase activity, ^ 
determined separately with an entirely different set of reagents, 
procedures described here, the incubation procedure of the 
method is used for “ alkaline” phosphatase determination, with mou 
tion to permit the use of the method of Fiske and SubbaRow (sec p. 
for the determination of phosphate liberated; for “acid” ph°s p i» ’ 
the conditions prescribed V>y Shinowara, Jones, and Reinhart are to ' 
likewise modified to permit the use of the Fiske and SubbaRow phoap 
method. 


1. Determination of “Alkalintf' Phosphatase .*** 

Procedure. Collect about 5 ml. of whole blood in a centrifuge tube, at ^ 
to clot at room temperature, remove clot, then centrifuge (twice if 
sary). The separated serum may be kept for several hours in the refrig e 
or for several days If frozen. 


111 SInnciH’-ira, Jones, and Reinhart J Biol Chem . 142, 921 (1912) 

*»» King and Armstrong Can .1 ted. At toe J , 31, 376 (1931) 

>•* Gutman and Gutman J Bud Chem , 136, 201 (1910) flad* 

n* Reagents Required ‘ Alkaline Photphale" Suhetraie Into a 100-ml volume , ^ 

introduce sucteshivelj 3 ml of petroleum ether (B P 20® to 40® C , J T Baker 
Special), about SO ml of distilled water, 0 5 g. of sodium 0-gI> ccrophoephate (t« as ^ & 
0 124 g. of sodium diethyl barbiturate (Merck), and water to volume (read t® 
between petroleum ether and aqueous solution) Empty (out of doors) into 3 lOO-mi*^ 
stoppered pyrex bottle containing an inch layer of petroleum ether Keep in the reinC 
\\ hen multiples of 100 mL are prepared, it is ad t isaUe to distribute the substrate m 
bottle*. j j 0 

30 Per Cent Tnetdoroacetie Acid Dissolve 30 g of reagent-grade trichloroacetic 
water and dilute to 100 ml Stable indefinitely To prepare a 10 per cent solution iro ^ 
dilute 1 volume with 2 volumes of water To prepare a 5 per cent solution, dilute 1 ' 
with 5 volume* of water j f 0 r 

Simulant Photphale Solution Place 6 26 ml of the standard phosphate solution ul v^ nis , 
the determination of inorganic phosphate (see p 631) containing 0 5 mg of p “ OSP < jd ul * 
in a 100-ml t olu metric flask. Add 16 7 ml of 30 per cent trichloroacetic acid solution, ^ 
to 100 ml with water, and mix Tin* solution contain* 0 04 rag. of phosphorus in 
5 per cent trichloroacetic arid It should be stable indefinitely if stored in the coin 
Holi/xloU It AminonaphlKoUulfonxc Acid Reagent See p 631. 
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(a) Incubated Symple Measure 9 ml of "alkaline phosphate" substrate 
mto a glass-stoppered cylinder”* and place in an incubator or water bath 
at 37° C until the fluid reaches incubator temperature Add 1 ml of serum, 
mix, note the time, and incubate for exactly 1 hour Remove, cool in ice 
water for several minutes, and add 2 ml of 30 per cent trichloroacetic acid. 
Mix, let stand a few minutes, and filter through a low ash filter paper 

(b) Control Sample At or near the end of the incubation period, prepare a 
control sample as follows Measure 9 ml of substrate into a glass stoppered 
cylinder and add 2 ml of 30 per cent trichloroacetic acid With mixing add 1 
ml of serum, stopper, shake, and filter as above 

When both filtrates are ready, transfer 8 ml of each to cylinders or test 
tubes graduated at 10 ml In a third similar container place 8 ml of stand- 
ard phosphate solution, containing 0 04 mg of phosphorus For photometric 
measurement, a fourth or blank tube is necessary This contains 8 ml of 
5 per cent trichloroacetic acid alone When all the tubes are ready, add to 
each 1 ml of Molybdate II reagent, and mix Add 0 4 ml of anunonaphthol- 
sulfonlc acid reagent to each, dilute immediately to 10 ml with water, and 
mix Allow to stand 5 minutes for color development 

Calculation Far colorimetric measurement compare both control and incubated 
unknowns against the standard Since the 8 ml of filtrate represent two- thirds of the 
total sample, the calculation is as follows 

of uS X 0 0i X 2 X 100 " mE ““Si™ pbo.pl.ilto per 100 ml 

serum (control or incubated) 

For photometric measurement read the unknowns and standard in a photometer 
which is set to zero density with the blank using the same conditions os for the deter 
mmation of inorganic phosphate described on p 631 The calculation is as follows 

Density of Unknown ..3 , , . , 

Densit y Vf Standard X 0 01 X 2 X 100 - m 8 inorganic phosphate per 100 ml 

serum (control or incubated) 

The phospl alase activitj is the difference between the inorganic phosphate content of 
the incubated and control sarap’ca expressed in mg of phosphorus per 100 ml Thus 
if the control result is 4 0 mg per cent and the incubated result is 8 5 mg per cent 
t!ic phosphatase activity is S 5 — 4 0 = 4 o Boifansi.y units per 100 ml scrum 

In colorimetric measurement with the standard set at 20 mm the control tube 
usually reads approximately 30 mm and a phosphatase activity up to about 8 units 
maj be accurately determined In photometric measurement in a 1-cm cu\ ette the 
limit is about 12 units For activities greater than this the phosphate analysis is 
repeated on a smaller portion of filtrate from the incubated scrum making up to S ml 
\olume with 5 per cent trichloroacetic acid and correcting the calculations accord 
mgly If the liberated phosphate is 60 mg per cent or higher inhibition of hydrolysis 
occurs and the incubation is repeated with the time shortened to 30 or 15 minutes in 
which ca*e results are multiplied by 1 8 or 3 3 respectively The result on the control 
sample 13 essentially an analysis for scrum inorganic pho pliate but includes any 
effect of glycerophosphate on color development This effect is frequently very low or 
ncgl giblc in which case the results on the control scrum may be accepted os the mcas 
urcof the serum inorganic phosphate an 1 reported as such along with tl c phosphatase 
values 

Interpretation. The ‘•cram "alkaline" pho pint iscacti\it> m normal 
adults ranges from 1 3 to 4 0 units per 100 ml (at cragc 2 7) and in normal 

**• Or l uiry tost tubes and clean rul l<cr etoi pers may bo Used 
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children i to 12 unit, (average 8 0) Ihcsc 

polyostotic Paget’s disease (up to o0 times), rickets , amim - 

hyperparathyroidihm (10 turns) Smaller mu-eases are jobsuved ^ 

her of other diseases of ob«.oua origin High scrum phospliaU 

testation of processes that cause rapid growth .of b“ “ “ «^ oglo l 
young, of new bone (repair), and of calcified and u nhosphatau: 

bone Among nonos-coua conditions in uhich ‘"“case p P 
activity is obsened are acute catarrhal jaundice and , olhe ”f “ ctm ty 
involvement Under certain conditions the scrum phosphata 
may be used in the differential diagnosis of liver disease 

2. a/ "MM" Jh‘« 

same as for “alkaline- phosphatase, except that the bufler !„ r the Jn cuba 
phate” substrate of Shlnuwara, Jones, and Relnhar, to used for the IM ^ 
lion and for the control sample Calculation of results s . jn , Je 

“alkaline" phosphatase, the unit of “acid' phosphatase activity b 
fined as equivalent to the liberation of 1 me per cent of InorCanle ph 
during 1 hour Incubation at p!I 5 0 

Interpretation. In terms of the unit above defined, normal 
contains from 0 0 to 1 1 units of acid phosphatase activity, win i" ‘ 
mficant elevation observed except in cases of carcinoma ol tnc P . 
with metastascs, when values as high as 30 units or more have 
served It should be pointed out here that the King and Armst™ s ^ 
as used by Gutman and Gutman” 4 is defined in terms of the libera 
1 mg per cent of phenol, and is approximately double the value 
phosphate unit here described Results by the method described her ^ 
therefore tend to be about half as high as those obtained by the u 
phcnylphosphatc as substrate 

DETERMINATION OF CHOLINESTERASE ACTIVITY 


Introduction. Enzymes which catalyze the hydrolysis of acetylc io ^ 
are known as cholinesterases and arc found in both the red cells an ^ 
plasma of the blood, as well as in most other body tissues They 
particularly active in nervous tissue, as discussed on p 297 Aval ^ 
evidence indicates that cholinesterase is not a binglc enzyme but rat ^ 
name for a group of enzymes which can be further characterized as 
cholinesterase and pseudochohnesterase in terms of tissue location, ^ 
logical function, and substrate specificity The red blood cell enzym^ ^ 
considered to be a true cholinesterase, as is the brain enzyme, sine 6 ^ 
found that these enzymes act more rapidly on acetylcholine than ^ 
other choline esters such as butyrylchohne and benzoylcholinc 


1,1 Ileagents Ueqiiired Acul Phot] hale 8u> tlralc This is identical wilh the 
phosphate substrate already described except that sufficient acetic acid u* 1Dcor . p< l/ peti^ 
bring the pl£ to 5 0 Into a 100-ml volumetric flask introduce successively 3 ml j, u jo 
leura etJ er alx ut SO ml of water 0 5 g. of sodium /5-gIycero phosphate 0 434 *', 11 . M f to 
diethjlbarbituratc and 5 ml of 1 N acetic iu id Dissolve by mixing and add 0 f the 
bring tl e aqueous meniscus to tl e 100-ml u ark Keep in the refrigerator The P . , It>0 of 
final solution eh ul 1 bo cl ecked and if it is n >t o 0 adjusted to tl at value by the ao 
dilute acid or alkali an necessary p j off 

Otl er reagents requ reri are tl oso dcscnlicd t r tl e leterrn nail >tt of alkaline 
pi stase will tl e exception of tl e substrate 


Chap 23 


Blood Analysis Colorimetry and Photometry 


639 


plasma enzyme is a pseudochobnesterase m the sense that it will act 
rapidly not only on acetylcholine but also on a variety of other esters 
Since the red cell and plasma enzjmes differ m ph j siological function 
(see discussion below) as well as in substrate specificity, determination of 
whole-blood cholinesterase activity is relativ ely meaningless, the analysis 
being carried out on the separated red cells 01 plasma as required 
Estimation of cholinesterase activity is based on measuiement of the 
rate of hydrolysis of the substrate (usually acetylcholine) under specified 
conditions When acetylcholine is hydrolyzed, acetic acid is formed, and 
measurement of rate of enzyme action is conveniently made in terms of 
rate of acid production The standard method for measuring cholinester- 
ase activity is that of Ammon, 228 based upon the use of the Warburg 
apparatus (see p 334), for the manometnc measurement of C0 2 liber 
ated from bicarbonate by the enzymatic production of acid 4. variety of 
simpler methods based upon acid production have been described, of 
which the method of Michel, 229 described here, is believed to be one of 
the most satisfactory A colonmetnc procedure based upon the deter- 
mination of acetylcholine present before and after treatment with the 
enzyme has been described by Hestnn 2,0 It is not always possible to 
compare cholinesterase activities obtained by various methods because 
of the sensitivity of the enzyme to temperature, pH, and particularly 
substrate concentration, and these conditions are rarely the same from 
one method to another 

Method of Michel 1,9 Principle The enzyme m an aliquot of diluted plasma or 
red cell hcmolyzate is allowed to act on acetylcholine m a standard buffer solution for a 
measured time (usually 1-2 hours) The pH of the mixture is measured at the begin 
nmg and at the end of this time The action of the enzyme on the substrate produces 
acid which lowers the pH of the mixture the rate of change in pH is therefore a meas 
ure of enzymatic activity 


Procedure 1,1 (a) Separation of Red Cells vnd Plasma. Place approximately 5 
.otJ of freshly draws blood, heparinized to prevent clotting, m a graduated 
centrifuge tube and centrifuge at 2,000 r p m for 15 minutes Remove the 


*** Vmmon Arch f d. get Physiol 333 a7 (1933) 

* » Michel J Lab Clin Med 34 15G4 (.1949) 

*“ Hestnn J Biol Chcm 180 249 (1949) 

5,1 Reagents Required Buffer Solution 1 (for Red Cell*) Dissolvc4 12g soil mm barbital 
0 54 g KHtPOi and 44 7 g KCl in about 900 ml of distilled water Vdd 2S 0 ml 0 1 V 
hj drochlonc acid solution with mixing dilute to 1 liter and mix Cl eck the pH which 
should bo 8 10 at 25° C if necessary adjust to the proper pH by tie careful furtl er addition 
of 0 1 't acid or alkali as required Vdd a few drops ol toluene and keep in tl c refrigerator 
Buffer Solution II (for Plasma ) D ssolvo 1 24 g sodium barbital 0 17 g KHsl’Oi and 
17 6-1 g NaCl ui about 900 ml distilled water Vdd 11 0 ini 0 t \ hydrochloric acid with 
mixing dilute to 1 liter and mix Tho pH should be 8 00 at 25° C if not adjust as described 
above Preserve with toluene and keep in tl e refrigerator 

leciylchohne Substrate (Oil M) for Ret CilU Dissolve 2 00 g of high-grade acetyl 
choline chloride in 100 ml of distilled water Vdd toluene as preservative and keep in the 
refrigerator 

Icrt&fcAofine Substrate (0 tho V) for Plasma Dissolve 3 00 g acetylcholine chloride in 
100 ml of distilled w nter Preserve with toluene and store in the cold 
Saponin Solution 0 01 per cent saponin in distilled water 

Both Buffer Solution I and Buffer Solution II «how a slow deereaao in pH and buffer 
caj acity after standing for ■•overal weeks aud should bo checked with a pll meter before 
use If tho p!Ii reading in a deteri unation is more tt an 0 03 pH units below 8 00 a fresh 
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supernatant plasma with a capillary plpet anil set It aside * f g 

analyst, as described under (c) below Add 2 to 3 volume, ol 0 9 per cent 
solution to the red cells, «... well, and aaaln centrllufie for 15 
card the supernatant saline and repeat the wa.hinft procedur, *«W f 

centr.fuelns for 20 minute. Note the volume of packed red cel i, <• „ 

the supernatant saline to a point where the volume of cells Une , 

twice the volume of cells alone Mis the cell, well In the remolnlnlS 
thus olitalnlnji a 1 1 dilution of the washed cell suspension !n saline . 
fer 0 4 ml of this cell suspension to a test tube containing 9 6 
cent saponin solution This hemolyzed red cell solution, of which 
gents 0 02 ml of red cells, Is used for the procedure described under W ^ 
Oj) Measurement of Uei> Cell Vcn\ it y Transfer 1 mi of hem y 
cell solution, prepared as described above, to a small beaker c 

ml of Buffer Solution 1 Mix and place the beaker in a water bat 
for 10 minutes, for temperature equilibration Measure the pH o tJje 

ture, using a pH meter and reading to the nearest 0 01 unit c * c ho 
beaker to the thermostat Note the time, and add 0 2 ml ofOllMace) 

Une solution with rapid mixing Allow the beaker to stand In the tner 
for 1 to 1H hours Again measure the pH and note the time Calcula e 
as described below , -. lt h 

(c) Measurement of 1’lasma Vcrcvmr Dilute 0 2 ml of plasma to iu m 
water, and mix Transfer 1 ml of this diluted plasma to a small heaker 
taming 1 ml of Buffer Solution II Place in a thermostatically * e 6 u f 
water bath at 25° C for 10 minutes, then measure the pH as described u 
(b) above Note the time then add 0 2 ml of 0 165 M acetylcholine solo 
with rapid mixing Carry out the subsequent steps as described under 

Calculation The cholinesterase activity of the sample in units of ApH per bour 
is calculated as follows 


ApH /hr 




'pH, - pH, - b ' 


)> 


where pH, and pH* are the initial and final pH readings respectively t is the 
hours between the mixing w ith acetylcholine and the time of reading pH 2 aD ^ ^ aD o0 
are correction factors obtained from the following table b being a correction for 0 ^ 
enzymatic hydrolysis of substrate and / correcting for the effect of pH change 
enzyme activity relative to buffer capacity ^ 

The results obtained by the procedure described here represent the cholines ^ 
activity for 0 02 ml of red cells or plasma expressed m units of ApH per hour __ 
actlv lty per ml of red cells or plasma 13 desired multiply the results by 50 To esp ^ 
results in terms of per cent activity relative to some normal or prev ious v alue 
game individual multiply the ApH /hour value found by 100 and divide bj the nof 
or previous ApH /hour value tor example Michel found the mean normal ApH/ 
value for red cell cholinesterase activity in 12 subjects to be 0 7o3 If » n un , 1 be 
sample gave a value of 0 5o0 then the activity in terms of per cent 0/ normal "° u 
0 550/0 753 X 100 or 73 per cent 

buffer solution should be prepared Pure acetj lchohne chloride solutions wall produce 
change of less than 0 01 pH units when added to Buffer I or Buffer II m the prop® 
specified in the text and in tl e absence of enzyme Any greater change indicates decora 
*--n of the solution and a fresh solution should be prepared jj on 

" D ““' e supplied with most commercial pH meters for determining P^ tbe 

>n are very satisfactory It is necessary to 6h3 . 

order to obta n rapid equilibrium 
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Correction Factors for Cholinesterase Determination 



Red CeU 

Cholinesterase 

Plasma Cholinesterase 

pH, 

b 

f 

b 

/ 

7 9 

0 03 

0 94 

0 09 

0 98 

7 a 

0 02 

0 95 

0.07 

1.00 

7 7 

0 01 

0 96 

0 0G 

1 01 

7 6 

0 00 

0 97 

0 05 

1 02 

7 5 

0 00 

0 98 

0 04 

1 02 

7 4 

0 00 

0 99 

0 03 

1 01 

7 3 

0 00 

1 00 

0 02 

1 01 

7 2 

0 00 

1 00 

0 02 

1 00 

7 1 

0 00 

1 00 

0 02 

1 00 

7 0 

0 00 

1 00 

0 01 

1 00 

G 8 

0 00 

0 99 

0 01 

1 00 

G 6 

0 00 

0 97 

0 01 

1 01 

6 4 

0 00 

0 97 

0 01 

1 02 

G 2 

0 00 

0 97 

0 01 

1 04 

G 0 

0 00 

0 99 

0 01 

1 09 


Interpretation. In a series of 12 normal adult males, Michel found a 
mean value of 0.703 ApH per hour units for plasma and a value of 0.753 
for red cells, by the method described here Studies by a variety of 
methods on the red cell and plasma enzyme activities of normal adults 
have shown that there is no sharply defined level of cholinesterase ac- 
tivity which may be called “normal”; though the enzymatic activity of 
the blood of a particular individual does not vary significantly during 
health, wide variations exist between individuals in a normal group. The 
method is therefore more satisfactory when used for following changes in 
cholinesterase activity within a particular individual than for establishing 
whether enzymatic activity is normal or abnormal. The factors determin- 
ing the maintenance of cholinesterase activity are not too clearly under- 
stood, particularly with regard to the red cell enzyme. The plasma enzyme 
appeals *iu be snmW to the other p'lasma p rote ms which originate in tht; 
liver, since it decreases during liver disease and returns to normal levels 
On recovery. Low plasma levels have also been reported in malnutrition*” 
and pernicious anemia.* 34 The most striking lowering of both plasma and 
red cell enzyme is found after treatment with the anticholinesterase 
drugs (DFP, physostigmine, neostigmine, etc.; sec p. 298) and after 
exposure to certain organic insecticides such as Parathion and Schradan. 
Determination of blood cholinesterase levels is of significant diagnostic 
value in these conditions. 

DETERMINATION OF SULFUR 
Introduction. Of the total sulfur of whole blood, a portion h present 
as the inorganic sulfate ion, another portion is in the form of various 
nonprotein organic compounds which may be present (glutathione, 


*“ Mi Cantc* Proe Hoy Soc \fnl , 4i. 27J (tOoO). tSw* however SuundrMcl al.'.J. Nutri- 
tion, 47. 191 (1UV) 

1,4 Cline, Johnson, and Johnson. Southern Med. J., 41, 374 (1343). 
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crcothioneinc, etc), most of which arc found chiefly in the red ^ cells, 

and the remainder ,s represented by the .sulfur-conta.nmg ammo a^of 

the protems present In the analysis of serum or plasma, mor6 £ c su^ 
is ordinarily determined by isolation as the benzidine salt f° ’ „ c „t 

colorimetric 215 or titnmetnc’ 1 * estimation of the benzidine comp 
Nephelometric-' and gasometric- methods for inorgamo sulfate ^ 
also been described. Ethereal or conjugated sulfate (l.e., the mere® , e) 
inorganic sulfate produced by add hydrolysis of the protein-free a mP j 
appears to be present, if at all, in such brnall amount in human p ^ 
to come within the limits of error in the two analyses neccbhaiy o 
estimation Significant values may be found for the plasma P j 
other than man Total sulfur is determined by complete oxidatio. 
organic matter, followed by estimation of inorganic sulfate present 

1. Determination of Inorganic Sulfate in Serum ( Method of te* 
and Reinhold):™ Principle. Serum is doprotemized with uranium acct • ^ 
sulfate in the filtrate is precipitated as benzidine sulfate, then washed, < “*“® ' ’ ^ 

determined colomnctrically after treatment with sodium 0 -naphthoqui 
sulfonate 

Procedure. Six ml. of 0.4 per cent uranium acelate solution » r « mea ®“^ e 
Into a 15-ml. centrifuge tube, 2 ml. of nonhemolyzed serum are added s ^ 
and, after mixing by Inverting four times, the mixture is centrifuge ^ 
10 minutes. Four ml. of clear centrifugate are measured Into another c ^ 
trifuge tube (selected so that the tip will retain precipitates). One • ^ 
glacial acetic acid and 9 ml. of benzidine solution* 4 ® are added. The D . 
capped, placed In ice water for at least Vz hour, then centrifuged for 15 
utes at 3000 r.p.m. The supernatant fluid is decanted and discarded, an^ ^ 


tube permitted to drain In an Inverted position for 3 minutes. Fourteen 
of acetone are added. The precipitate is suspended In the acetone, then a 


ml. 



centrifuged for 15 minutes at high speed. The acetone is decanted add 
tube allowed to drain 5 minuses. After the mouth of the tube has been vnp ^ 
1 ml. of a 1 per cent solution of sodium borate in 0.1 N sodium hydroxi ^ 
added and the precipitate dissolved by stirring. (The tube may be . 

warm water at 60° C. if solution is slow.) Finally, 10 ml. of water and ^ 

of the color reagent*" are added. The solutions are mixed and allo we 
stand 5 minutes, then 2 ml. of acetone are added. At the same time, 2 sta 
ards are prepared by measuring 2 and 5 ml. of benzidine hydrochloride »° 


*" For a colorimetric method different from the one described in the text, eee Cut bbe 
son and Tompsett Biochem J 25. 1237 (1931) Fine Biochem J , 28. 1003 ( 1J34 ' 

**• Power and Wakefield J Biol Chem 123, 005 (1938) 

* ,T Denis and lteed J Biol Chem 71, 191 (1926) 

”* Van Slyke Hiller, and Bcrthelsen J Biol Chem 74, 059 (1927) . . g,s,e 

1,1 Letonoff and Itemhold J Biol Chem, 114, 147 (1936) This method is * a, “ 1 { ^id 
lower results than other methods because of the absence of the hydrolytic effect ° 

protein precipitants frizc^' 

**• One per cent benzidine m acetone, filtered and stored in a brown bottle u» the re 
ator It should be discarded when it becomes highly colored ate >° 

*" Color Reaaenl Dissolve 0 15 g of pure sodium 0-naphthoquinooe-4-J«d»®° p Je 
100 ml of distilled water The solution mil keep about 2 weeks in the cold Each 
of Una reagent should be tested by treating 2 ml and 4 ml of the working ® ta loD e 
solution of benzidine hydrochloride with the color reagent, borate, water, » n “ ® y^r’* 
as described I elow Acceptable preparations do not deviate from the theoretics 
’ relationship by more than 5 per cent 
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tIon 21J into 2 test tubes One ml. of borate solution is added to each, fol- 
lowed by 8 ml. and 5 ml. of water respectively. One ml of color reagent is 
added and the development of color carried out as described The unknown 
solutions are compared with standards in the colorimeter. 

Calculation When colorimetric comparison is made with the 2 ml benzidine 
standard 

Reading of Standard w .. 100 lf . . 

^ — = — 5 — , _ _ , X 0 02 X — r* = mg sulfate sulfur per 100 ml serum 

Reading of unknown 1 

For the stronger standard replace 0 02 in the abo\ e equation by 0 05 

Precise photometric data for this color are not available Since the reagent and re- 
action resemble that for the ammo-acid determination (p 5G5), satisfactory photo 
metric measurement should be possible at 400 m/i against a blank prepared by treat- 
ing 10 ml of water with 1 ml of borate 1ml of color reagent and 2 ml of acetone 

Interpretation. Normal human blood serum contains approximately 
1 mg of morgamc sulfate (as S) per 100 ml In nephritis with retention, 
the inorganic sulfate values are increased High values have also been re- 
ported m pyloric or mtestmal obstruction, in leukemia, and in diabetes 

2 Determination of Total Sulfur in Biological Material ( Method of Stock- 
holm and Koch) 141 Principle The complete oxidation of biological material for 
the sulfur determination is often a difficult procedure The follow mg method m which 
strong hj drogen peroxide and mtnc acid are used is beheved to be the most effective 

Procedure. Into a 100-ml nickel crucible (50 X 70 mm ) containing 10 ml 
of 25 per cent sodium hydroxide solution, introduce 0 5 to 2 0 g of the sub- 
stance The covered crucible is then heated on the steam bath until the mass 
is almost dry This requires several hours, but causes considerable decom- 
position of the complex substances present, so that the sulfur in particular 
can later be easily oxidized In case the evaporation has proceeded too rapidly, 
it is best to add again 10 ml of water and to repeat the slow evaporation To 
the slightly moist material 5 ml of 30 per cent HjOj 144 are added very gradu- 
ally. In some cases it is necessary to stir the mass with a glass rod or to add a 
few drops of water so as to distribute the reagent properly During this treat- 
ment the heating is continued on the steam bath 

The material thus partially oxidized Is next transferred to a 300 ml Kjeldahl 
flask, acidified with nitric add, and concentrated over a free flame until salts 
begin to separate This concentrated solution Is then oxidized, while boiling, 


Standard Dcnzulinc Hydrochloride Solution OlGOGg of benzidine hy drocliloride pun 
fied as described below is transferred to a 200 nil volumetric flask dissolved m waterpre 
viously warmed to about 50® C cooled and diluted to \ olume The solution should be stored 
in the cold Ten ml are equivalent to 1 0 mg of sulfur I or a working standard 10 ml of 
this solution aro diluted to 100 ml with water One ml contains benzidine equivalent to 
0 01 mg of sulfur The solution should be stored in tho cold 

The benzidine hydrochloride is purified as follows 5 g of benzidine hy drocliloride aro 
dissolv cd in 200 ml of o per cent hydrocl lone acid by w arming to about 50® C Any in- 
soluble residue is filtered Tw enty ml of concentrated hy drochloric acid are added with 
conUnuous stirring The solution is cooled in ice water for about 30 minutes when tho 
crystals that have formed are collected on a Buchner funnel The material is washed with 
cold diluted hydrochloric acid (15 ml of concentrated and to 100 ml of water) Vfter 
removing the hydrocl lone acid by suction the crystals are washed with two 2o-ml por 
turns of cold ethyl alcohol and four portions of ether \ftor all traces of ether are removed 
the dry cry stals are transferred to a brown bottle 

*** Stockholm and Ivoch J tin Chem Soc 45 10o3 (1923) 

'•* Merck s bupcroxol 
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1« ba-sctl upon knowledge of the tcruni pho^plutc and protein t aluo, ua ' 
lu >3 these .ire known to be normal. 

2. Method of Roe and Kahn*' Principle. Calcium « preeipitAtfd from t£ 
protein free scrum filtrate as tricalcmm pbo-phatc, which u then iliUrmi * ^ 

oninetricall) by a procedure similar to that u*cd for the dftrrmini ion ^ 

organic pho=pliatc (p C30) KttUiur and Colun hate daubed a tnicrom 
using this principle, in connection w ith their ini thod for pho“phonu « e i nn 

Procedure,** To 8 ml of 10 per cent trichloroacetic acid In a * mal ' ** f 1 '* 

2 ml of serum. MU yell b> shaking Filter through a Ca-free aiW PV 
(Whatman No. 42 Is satisfactory). Transfer 5 ml. of flltrate to a 15- uBJ 

leal graduated centrifuge tube, add I ml. of 25 per cent Ca- re ^ 

hjdroxide solution, mil by tapping, and let stand 5 minutes. A ^ 

of 5 per cent trlsodlum phosphate solution, mil thoroughly b> » ^ 

and set aside for 1 hour. Centrifuge for 2 minutes. Decant supernatant 
place tube in an inverted position In a small beaker containing a mat 0 ^ 

gauze or filter paper, and allow to drain 2 minutes. Wipe mouth of 
with a clean cloth. Add from a bulb pipet with a fine tip 5 ml. of f 

alcoholic wash reagent, forcing the wash fluid In at first so as to break p ube 
mat of tricalcium phosphate, and then washing down the sides of t e ^ 
If necessary, use a stirring rod to break up the precipitate, rinsing uo* , 
rod with a little of the wash fluid. Centrifuge 2 minutes, decant, dra « ^ 
■wipe the mouth of the tube as before. Repeat the washing proce u 
centrifuging, etc , with a second 5-mI. portion of wash reagent, centxi u u ^ 
decanting, draining, and wiping oil excess fluid as above. To the res 
the centrifuge tube add I ml. of acid mol>bdate reagent and tap again* _ 
palm of the hand to eflect complete disintegration and solution of the P 
cipitate. When dissolved, add 10 ml. of water, mix by tapping, and set 


Prepare a standard by transferring 10 ml of the standard phosphate solu 
containing phosphate equivalent to 0 1 mg of calcium, to a second si ^ 
graduated tube, add 1 ml. of the acid molybdate reagent, and 
photometric measurement, prepare a blank tube containing 10 ml. of ^ 
and 1 ml. of sad molybdate. When all the tubes are ready, add to eac 


’ ,1 Roe and Kahn J Bud Chem SI 1(1920) Ruttncr and Cohen J Biot CA**** 

(1927) The latter procedure as applied to tbe Hoe and Kahn method is described 
eleventh edition of this book. rhoi' 

**’ Reagents Required Tlie trichloroacetic acnl sodium h> droxide and trisodliun P ^ 
pirate (Na,PO» 12 1 1 rO> solutions are prepared on the indicated bans from rea6 *°j. B1 eSl 
chemicals The two alkaline solutions should he decanted occasionally from any s® 01 
which forms and which might lead to errors if included in the anal) ms , j-ehiJ 

Alkaline- Alcoholic M’ath Rtogerd Mix ^8 ml of ethjl alcohol with 10 rnL of * mil ^L c eDt 
and dilute to 100 mL with water \dd 2 drops of 1 per cent phenol phthalein and o pc* 
Ca-free NaOII a drop at a time to a distinct pink (usually 2 to 3 drops) rotate ** 

Acid Molybdate Reagent Dissolve 12 o g. of reagent-grade ammonium mol) YZ-ncev 
400 ml of water in a uGO-ml volumetric flask. Add slowly with shaking 100 ml of 
t rated sulfuric acid. Stable indefinitely mins' 

Aminonaphlfudtulfonic Acid Iteagerd The same as described on p 631 for the deter 
turn of inorganic phosphate h t« *° 

Standard Pf*otjAate Solution Dissolve 2.265 g. of pore dry monopotassium P ho * p "^, r r»- 
water dilute to 1 liter in a volumetric flask. 3nd mix Add a little chloroform as a U 

tive This stock solution contains 0 ol7 mg. of P per ml equivalent to 1 | 0llC m 

calcium phosphate Tbe working standard is prepared by diluting 1 mb of stock ^ 
to 100 ml with water This standard should be prepared fresh dail) 10 mL contain v 
phate equivalent to 0 1 tag. of Ca. _ a 

“* Roe and Kahn state that onl) one washing is necessary Two washings p 
greater margin of safety 
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ml of sminonaphtholsulfomc acid reagent, followed by water to the 15-ml 
mark, and mix immediately by inversion Allow to stand 10 minutes before 
reading In the colorimeter or photometer For photometric measurement, 
set the photometer to zero density at 660 m/i with the blank 

Calculation For colorimetric measurement 

Reading of Standard w 100 T inn , 

- — - — 2 — , , T , X 0 1 X - = mg calcium per 100 ml scrum 

Reading of Unknown 1 

The standard corresponds to 10 mg per cent serum calcium and w ill be satisfactory 
for practically all "values encountered in analyses For very low values (below 5 mg 
per cent) dilute the unknown after color development to 12 ml instead of 15 ml , 
and correct the calculations accordingly 
For photometric measurement 

Density of Unknown .... . . 100 , ... , 

— j-ft : — i X 0 1 X — = rag calcium per 100 ml serum 

Density of Standard 1 

The characteristics of the color and the conditions of photometric measurement are 
the same as those described for the determination of inorganic phosphate (p 632) 
\t GG0 mil, in a 1-cm cuvette the standard has a density of approximately 0 400, 
and all values of serum calcium may be accurately determined under these conditions 
The photometric blank will correct for any phosphate present in the color-pro- 
ducing reagents, but not for contamination by calcium in the earlier stages of the pro- 
cedure Since it is very difficult to obtain absolutely Ca free reagents or filter paper 
for precise work a correction for calcium already present should be made This is 
best done by running a standard calcium solution*** through the entire procedure 
(treatment with trichloroacetic acid filtering etc ) and comparing the value obtained 
with that expected Thus if a standard equivalent to 10 mg per cent calcium giv es on 
analysis a v alue of 10 5 mg per cent, the correction to be subtracted from serum results 
is 0 5 mg per cent It is sometimes suggested that using such a calcium standard 
instead of a phosphate standard as described, will mclude the calcium present in the 
reagents and hence serve as a correction This is only true if the unknown and stand- 
ard should happen to contain exactly the same amounts of calcium, otherwise it is in 
error Since the constant calcium correction becomes a variable and unknown fraction 
of the total calcium present in the unknown 

Interpretation. See previous method 

Other Methods. Numerous other methods have been proposed for 
the determination of serum calcium, some of which require only \erj 
small quantities of serum Instead of titrating the oxalate directly, Fiske 
and Adams'** redissolve the washed oxalate in nitric acid, dry, add oxalic 
acid, dry again, ignite, and titrate the residue as calcium oxide Kuttner 
and Cohen ( [foe cit ), m a method applicable to 0 1 ml of serum, asli the 
material, precipitate the calcium as phosphate, and analyze for phosphate 
colonmetncally Gasometnc methods include measurement of the carbon 
dioxule evolved in the reaction between oxalate and permanganate** 7 or 
cenc sulfate, 2 * 8 or in the combustion of calcium picrolonate,*** the latter 

m bus pend 0 -50 g of pure dr> calcium carbonate in a bttle water in a 1 liter volumetric 
flask add dilute (1 10) 1IC1 to dissolve add a few ml of acid in excess dilute to 1 liter with 
water and mix. This solution is stable mdefinitcl> and contains 0 1 mg of Ca per mi It 
corresponds therefore to a serum with a Ca content of 10 mg per cent. 

,l * 1 iske and Warns J 1m Chtm Soc , 53 .510S (1931) 

*** Van Sljkeaml *-e» lro> J fl.of CKcm 81 217 (1929) 

,M Vndroj J Biol Chem 151 5o“ (1914) 

s ‘* \an blj ke and kreysa J Ihot Chem , 142 70 > (1913) 
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Prior to isolation of the sodium as the tnple salt indicated, the 
are precipitated” 1 5 or the sample is ashed,” 7 electrodialysis may also 
used for separation of the sodium from interfering material ^ e . 
salt may be determined bj gnu imetnc ” 7 titnmetnc or colonmetnc' 
methods Another reagent which has been proposed for the determma 
of sodium is pj roantimonate * 0 In the analjsis of serum sodmm, p ^ 
cj-sion is essential because of the relatively small variations which a 
chmcal significance r lhe determination of sodium in tissues is sun r 
the procedures used for blood 271 

I. Determination by Flame Photometry. Principle The sample in £0 ^ u ^ 10 r ^ 
introduced in the form of a fine continuous spray into a nonluminous gas flame 
various ions present produce their characteristic flame spectra By the use o Pj° 
color filters or other means the emitted light characteristic of the ion being e ^ 
mined is isolated and allowed to excite a photoelectric tell The response of the p 0 
electric cell 13 measured on a suitable meter Under controlled conditions, the eb 
reading is a measure of the concentration of ion being determined A calibration ^ 
is established by analyzing a senes of standard solutions of the ion being detenau® 
From the meter reading of the sample being analy zed, the concentration is estabU-t-w 
by reference to the calibration cur\ e 

Procedure The procedure vanes with different types of instrument Ot^ 
narijy a dilution of 1 250 Is used for sodium analyses, i e., 1 ml of pla** 51 * 
serum is diluted to 250 ml with water If an Internal standard, e g , a litb ,u 
salt, is required for the successful operation of the photometer, the reqt» ir ^ 
aliquot of a stock solution of such a substance is added to the volume 
flask before diluting to the mark. The solution is then analyzed according 
the directions which accompany the instrument In order to get the sodm 
content of the sample, the reading obtained is referred to a calibration 
previously obtained by the same procedure on a senes of solutions of ho 0 * 
sodium content. 

Standards. Standard solutions covering the range from 100 to 150 miUiequival eflls 
of sodium per liter, at a dilution of 1 2o0 are usually adequate for calibration P 37 
poses Prepare a stock standard containing 100 mDliequivalents of sodium per U 
by dissolving 5 85 g of \aCl in water and diluting to 1 liter Working standard** 7 ' 
prepared from this stock standard by measuring out 4.0 50 and 6 0 ml. 
into 1 liter volumetric flasks and diluting to the mark with water These *dand»^ 
represent respectively 100 125 and Io0 milliequiv alents of sodium per liter »* ^ 
1 2o0 dilution If the analytical procedure requires an internal standard *0“* *“ 
lithium sulfate solution, add to each working standard 4 tunes the volume of IithM® 
sulfate solution routinely added to the diluted plasma or serum, before diluting * 


««Wetnbacb J Bui Chem lit <J93o) Ball and Sadoak OuL, II* 661 U 936) ' 
Dregus Biochem Z Z03 09 (1939) 

«' BuUer and Tuthffl J Biol Ct«m vs 171 (1931) Barber and Koltboff J 

» 5 j« 32 ^ < 19 29) An im proved version of the Butler and^u 
method ha, been described by Kafa* and Speier Arch Block and Biophj, 37, 2oS (iSj’Jj, 

’ *?>* J *!?<**" , »*.«9U#36) CobsoUzio and Talbott ihuL tf* 7-S 
Sobel Kraus an 1 Kramer On d lie A)t (1941) 

**• McCanee and bhipp Biocl^tn J ls +49(1931) Saht J Biol Ckem. ** (m9 ’ 

3a> (1VZ4) 


, JW 4 *? 4 * !o amount* of tissues and blood . 

Levitan Gleason and Creenber* J B xU Chen. US. So (1942) 


eCUrk. 


Chap 23 


Blood Analysis Colorimetry and Photometrt 


651 


the mark and mixing To prepare a calibration curv e, read each of these standards in 
the photometer, plot readings against equnalent sodium content m mdhequnalents 
per liter, and draw a smooth curve to include the points 

Standards should alwa> s be run both before and after anal} zing a series of unknown 
solutions, to be sure that the calibration is constant, if there is considerable fluctuation, 
each unknown solution should be followed b} a standard closely equivalent to it 

Routine precautions in the use of flame photometers include the use of gas and air 
for the flame which are as free from contaminating ions as possible, maintenance of a 
constant gas and air pressure installation of the photometer m a room free from air- 
borne contamination, particularly tobacco smoke and continual checking of the zero 
setting and standard readings Cleaning of the atomizer and flame chimney may also be 
neceasat} from time to time 

Interpretation. See under 2, below 

2 Method oj Weinbach ut Principle After deproteimzation the sodium in the 
filtrate is precipitated m alcoholic medium as the triple salt uran>l zinc sodium 
acetate, which is washed dissolved in water and titrated with standard sodium 
hydroxide It is claimed that phosphates present do not interfere For a similar method 
m which phosphates are first removed see Dregus S6S 

Procedure * 7 * To 1 volume of whole blood or cells (or 2 volumes of serum or 
plasma) in a small flask, add 7 (or 6) volumes of water, shake, and let stand 
until hemolysis is complete Add rapidly, with shaking, 2 volumes of 20 per 
cent trichloroacetic acid, making a total of 10 volumes (This deprotemiza- 
tion may be done with as little as 0 1 to 0 2 ml of material ) Mix, let stand 
10 minutes, and filter through ashless filter paper (or centrifuge If the sam- 
ple is small) Transfer 1 ml of the whole blood filtrate (or 0 5 ml of the 
serum filtrate) to a 15 ml centrifuge tube and add 5 ml of the uranyl zinc 
acetate reagent From a 1-ml graduated pipet add 0 3 ml of 95 per cent 
alcohol and let stand for 5 minutes Again add 0 3 ml of alcohol and let stand 
for a few minutes This procedure is repeated, without greatly disturbing the 
precipitate, until 2 1 ml of alcohol have been added, the entire process of 
precipitation taking about ^ hour Centrifuge, decant, drain by inversion on 
a pad of filter paper, and wipe the mouth of the tube with a cloth Wash the 
precipitate once by blowing in 10 ml of acetone wash reagent, centrifuge, 
decant, drain on filter paper, and wipe the mouth of the tube The precipi- 
tate, which is readily soluble In water, is then transferred quantitatively to a 
100-m] Erlcnmeycr flask by blowing in three or four 5 ml portions of water, 
which has been recently boiled and cooled, to drive off dissolved carbon diox- 

1,1 Reagents Required Uranyl Zinc Acetate Reagent Solution V 77 g. uranj I acetate 
UOj(ClI»COO)» 211 O and 14 ml of glacial acetic acid are dissolved in about 400 ml of 
wotcr by stirring and heating on a steam bath and diluted to 500 ml m a volumetric flask. 
Solution B 231 g of 2 inc nectate (311,0) and 7 ml of glacial noetic acid are likewise di» 
solved and made up to 500 ml Tho two solutions aro mixed n tulo hot allowed to stand at 
least 24 hours and filtered 

Adtone Wanh Reagent A small amount of the triple salt uranyl zinc sodium acetate is 
prepared by adding 15 ml of the uranyl zinc acetate reagent to 1 ml of approximately 
5 per cent haCl with subsequent addition of about o in] of Do per cent alcohol in small 
portions l liter with suction and wash tho precipitate with 4 or 5 small portions of 9o per 
cent alcohol and then with 4 or 6 small portions of ether sucking dry after each addition of 
alcohol or ether Idd tl is amount of triple salt to a liter of acetone shake let stand over- 
»*ght, and filter 

Slat Jard Sodium Solution I xactly l g of c p sodium chloride is dissolved In water and 
made up to a liter in a volui ictrio flask Tach nil of tl is solution contains 0 393 mg of 
sodium 
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Procedure ."* Transfer 0.5 ml. of scrum toa small clean test tubecontabfi 
7 ml. of distilled water, add 1 ml. of 1.5 per cent 
tapplns, and follow with l ml. of 2.5 p«r cent copper .ollatc 
per and .hake well; then add 0.5 ml. of 2.5 per cent .liter ■> 1,ra '* * 
stopper and .hake aaaln; then allot, to .land 15 to 20 mlnnlc.. P 
small dry filter (Whatman No. 5 is recommended), returning th 
tion of filtrate to the funnel to ensure obtaining a clear mtrate. t 

Transfer 3 ml. of the filtrate to a clean 15-mi. graduated conical ^ 

tube, ,u and in a second similar tube place 3 ml. of the standard P ^ 

solution, containing 0.03 mg. of potassium. Add 1 ml. of 95 per cen , 

and 1 ml. of distilled water to each tube, mix b> tapping, and pi , 

water bath at 18° to 22“ C. for five minutes. Add 2 ml. of the freshlj p P ^ 
and filtered silser cobaltinltrite reagent, mix by tapping, and replac ^ 
water bath. Allow to stand 2 hours, then centrifuge for 15 minutes 
r.p.m. Carefully remove the supernatant fluid down to the 0.2-m • ^ 

with a capillary plpet. Add 7 ml. of wash reagent down the sides oft c 
slanting the tube but disturbing the precipitate as little as possi ^ 

centrifuge for 15 minutes, decant the supernatant fluid, Invert 1 ,e ^ 
and allow to drain on filter paper for 5 minutes. Wipe excess fluid fro 
mouth of the tube, and repeat the washing and draining twice more. 

To the washed precipitate in the centrifuge tube, add 10 ml. of 0.2 n° ^ 
sodium hydroxide, breaking up the precipitate by blowing the alk^ ^ 
by tapping the tube. Place in a boiling water bath for 10 minutes. Re ^ 
cool, and make up to 10 ml. with water. Mix well and centrifuge. ”* ran ^, 

2 ml. of supernatant to a 100-ml. volumetric flask. Add 5 ml. of * ater ' ctD t 
lowed by 1 ml. of 50 per cent hydrochloric acid, and 2 ml. of 0.5 P er 
sulfanilamide solution. Mix by lateral shaking, allow to stand 3 mm 
then add 1 ml. of the naphthylethylenediamlne reagent. Dilute with * 
to the 100-ml. mark, and allow to stand 5 minutes before reading 

*** Reagents Required TLe sodium tungstate copper sulfate (CuSOi 5II-OJ, jjte? 
nitrate solutions are prepared on the indicated basis from reagent-grade chemical*- 
the wiser nitrate solution in a brown bottle j p-r* 

Standard PiAauium Solution Prepare a stock standard b> dissolving 2 229 g. jo&rl* 
dry potassium sulfate m water m a 1-bter volumetric flank dilute with water to t >e j-J. 
and mix. Preserve with a little toluene This solution contains I mg of pota>--ium f^oei 
and is stable indefinitely Prepare a working standard fresh daily by diluting I - of 

standard to 100 mL with water in a volumetric flask. This solution contains OO-t 
potassium in 3 mL 

Siher CoSaltiniinU Reagent Prepare a sodium cobaltimtnte solution as f°“°^° 
Dissolved g. of crystalline cobalt nitrate in uO ml of water and add 12 o ml of of B 
(B) Dissolve 120 g. of reagent-grade sodium nitrite in ISO ml of water Add 210 nu oJ ,Jf 
to all of \ , place in the hood and blow air through the soluLon until all of the nitrous ^ 
fumes have been driven o*I This solution is stable for about 1 month if stored m 
frigerator It must be filtered each time before using. To prepare the silver cobaiunj^^ 
reagent add 1 ml of 40 per cent silver nitrate solution to 20 ml of filtered sodium co 
trite solution, shake well and filter Prepare fresh for each senes of analyse*- 

X?a*k Reagent Mix 2 volumes of 90 per cent ethyl alcohol with 1 volume etB ^ 

2 volumes of water 

SO Per Cent HudroelUortc Act d Mix 1 volume of water 1 volume of concen 
hydrochloric acid. tj ts) i® 

Sulfanilamide Solution Dissolve 0 5 g. of pure sulfanilamide powder (not the Ud»* 
a mixture of 30 ml of glacial acetic and and 70 ml of water Prepare fresh * e Y J * oirrf 

\ ajJ'th'Jtthvlmediamine Reagent Dissolve 0 1 g. of N-U-naphthy1)-etbyl«*ediainn~ 

hydrochloride (obtainable from Eastman Kodak Co Rochester NY) U» a 1:011 
30 ml of acetic acid and 70 ml of water Prepare fresh weekly . -a 

*** Tubes should be cleaned with bichromate-sulfuric acid cleaning mixture an 

«** l * , “' of .TOO tr,<« of ”"* “ 

avoided since ammonia likewise forms an inaol bla cobaltinitnte 
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colorimeter or photometer. For photometric measurement, set the pho- 
tometer to zero density at 520 mu with a blank prepared by treating 2 mi of 
water in a 100 -mi. volumetric flask by the procedure described above for 2 
ml. of supernatant from the alkali treatment. 

Calculation For colorimetric measurement 

Beading of Standard .. nM 10 100 . , . 

Readme of Unknow n X003 X J X 05 ‘ m 8 potasmm per 100 ml serum 

The standard corresponds to a serum potassium of 20 mg per cent, cov ering the range 
from 10 to 40 mg per cent satisfactorily To convert mg per cent potassium into 
niillipqim alents per liter, divide by 3 9 

For photometric measurement 

Density of Unknown .. 10 . , 100 , ... , 

— v“- i X 0 03 X -x- X = Rig potassium per 100 ml serum 

Density of Standard 3 05 

At 520 mji, and in. a 1-cm cuvette, the standard has a density of approximately 0 160, 
and the agreement with Beer’s law is such that up to 35 mg per cent may be accurately 
determined For lugher values, or for photometric measurement at greater depth of 
solution, develop the color on 1-ml instead of 2-ml portions of the final standard and 
unknown supernatants. No change in calculations is involved 

Interpretation. The potassium concentration of human blood serum 
or plasma is rclativ ely constant, ranging from about 16 to 22 mg per cent, 
or 4 1 to 5 6 milliequivalents per liter The potassium content of red cells 
is from 15 to 20 tunes as great as that of plasma This indicates the essen- 
tial uselessness of whole blood potassium determinations, depending as 
they must largely on the red cell count, and also emphasizes the impor- 
tance of prev enting hemolysis in obtaining serum or plasma for potassium 
analyses The potassium content of plasma gradually increases on stand- 
ing in contact with red blood cells, this is of importance in connection 
with the storage of whole blood m blood banks Pathologically, mcreased 
serum potassium has been noted in acute bronchial asthma, in uremia, 
and m Addison’s disease Decreases have been noted at the time of seizure 
in familial periodic paralysis The role of potassium m plasma is unknow n, 
the plasma level may reflect to some extent the level in the body tissues 
and cells where potassium is abundant, being in fact the chief base 
present In the body tissues and cells potassium appears to be the physio- 
logical equivalent of the plasma sodium in osmotic pressure regulation 
and acid-base balance 

DETERMINATION OF IRON 

Introduction. The iron-containing compounds of biological mate- 
rial may be divided into two mam groups, heme compounds and non- 
heme compounds Heme iron is found in such substances as hemoglobin, 
cytochrome, catalase, etc , where it is firmly bound in organic combination 
with the porphj nn nucleus (see Chapter 22) and docs not react with iron 
reagents until after liberation from such combination Nonheme iron on 
the other hand appears to be largely extractable from tissues by suitable 
me ms and can be determined chrectlj in the extracts as inorganic iron 
There appears to be a rough correlation between the extractable iron of 
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Iso bulfoiuimclui arc found in blood or urine unless they liaie been 
administered , the level attained depends upon such factors as the size an 
rate of administration of the dose, the body weight of the individual, 
the rates of absorption and elimination The therapeutically efleeme 
level depends upon both the disease and the drug, blood anal > sis pc 
definition of blood sulfonamide eonccntration so that a gi\ en level m ) 
be altered or maintained as conditions warrant V -variable portion o 
total blood sulfonamide, the exact amount depending largely upon 
type of sulfonamide being used, is usually present as the acetj a 
derivative 289 (e g , aeetylsulfanilamidc) Acetylation involves the am “ 
group attached to the benzene nng Marked differences exist between 
free and the acetylated compound in respect to both therapeutic aD ^ 
toxic properties, distinction is therefore important Acetjlution a PP ea . c 

to occur largely in the liv er Other metabolic derivatives of certain of 

sulfonamides are known, such as hydroxy derivatives, possibly com bin 
with glucuronic acid,* 00 the significance of these is somewhat obscure 


Determination of Sulfonamides (Method of Bratton and Martha ) 
Principle Blood is doprotemizcd with trichloroacetic acid The protein free 
ia treated with nitrous acid to diazotizc any free sulfonamide present excess *>* 20 
acid is destroyed and the diazotized sulfonamide is coupled with N (I napn* 5 
ethylencdiamine to form a stable red color which is then compared with that develop*- 
in a standard treated in the same way The procedure is the same for all the comm 
sulfonamides which have a diazotizahlc amino group in the molecule the only ^ 
cncc being that a standard containing the particular sulfonamide being deterro' 0 
used in each case Since acetylation renders the sulfonamide incapable of diasoti»b° 
only the unacetylatcd sulfonamide will react in the colorimetric procedure To " c 
mine acetylated sulfonamide total sulfonamide is determined after acid hjdroi)®^ 
which frees the amino group The difference between free and total sulfon 3 ® 1 
represents acetylated sulfonamide 


Procedure Measure 2 ml of oxalated blood into a small flask and f tota 3 


*»* Marshall Bratton and Litchfield Science 88 597 (1938) 

m Scudi Science 91 480 (1940) aUo Scudi and Jelinek J Pharmacol 81 2lS (I s * 

•' ,1 Bratton and Marshall J Biol Chem 128 537 (1939) , . , ot , 

*** Reagents Required Saponin Solution Dissolve 0 5 g of saponin in water aoa au 
to 1 liter This solution is not absolutely necessary the saponin merely serving to ji* 3 
hemolysis of the red cells The blood may be lated with water instead of saponin scJ “. ^ 
in which case the diluted Wood is allowed to stand 15 minutes before adding the tncW« 
acetic acid , . 

IB Per Cent Trichloroacetic Acid Dissolve 150 g of reagent-grade trichloroacetic ad 0 
water and dilute to 1 liter Stable indefinitely To prepare a 3 per cent solution from 
dilute 1 volume w th 4 volumes of water ,, 

Sodium At true Solution. Dissolve Olg of pure sodium mtnte in water and d Jot ® 
100 ml Prepare fresh daily . 

Ammonium W/We Solution Dissolve 0 5 g. of ammonium sulfamate in w*«*r 
dilute to 100 ml stable indefinitely 

V (1 SaphtkyD-Hhylened amine Solution Dissolve Olg nf X (1 naphth>»- eth>J *L 
.baimne dd ydroeUonde (obta nabte from Eastman Kodak Co Rochester N Y ) 

a d .t rk bottle in tl e cold Prepare fresh each ^f^ t l 


4 If Hydrochloric Acid Dilute 40 
water \lu and titrate a 5-ml port 
exactly 4 S Stable indefinitely 

Standard* Prepare a dock elardard as follows <WU 


3 100 nil ' 


[Kent rated 1 ydrochlonc acid to iw . p 
standard 1 sodium hydroxide Aaj 

a^tVdSle ^ ^f ter,n "* d •«**"» wfrT iAth Q r^L e ui C a > l 0 htef 

flask Dilute toll e mark with water and mix. In preparing this standard use the 
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buret add 30 ml of saponin solution Allow to stand for several minutes, 
then add 8 ml of 15 per cent trichloroacetic acid solution Mix well, allow 
to stand 5 minutes, and pour onto a dry filter 


Free Sulfonamide Transfer 10 ml of the protein free filtrate to a small 
flask or wide test tube, add 1 ml of sodium nitrite solution, and mix Allow 
to stand 3 minutes, then add 1 ml of ammonium sulfamate solution and 
again mix After 2 minutes’ standing, add 1 ml of the N (1 naphthyl)- 
ethjlenediamine solution and mix The color develops almost immediately 
and is stable for several hours if not exposed to direct sunlight Read the color 
in a colorimeter or photometer as described below 


Total Sulfonamide Transfer 10 ml of the protein free filtrate to a test tube 
or other container graduated at 10 ml and add 0 5 ml of 4 N hydrochloric 
acid Place in a boiling water bath for 1 hour, cool, and adjust the volume 
to 10 ml with water Treat with sodium nitrite solution, etc , just as de 
scribed above for free sulfonamide 
Calculation *«* 

For colorimetric mens irement compare the color developed on the uuknow n with 
that obtained by treating a 10-inl portion of standard solution in the same manner 
as the unknown Since the concentration of sulfonamide m blood may varj widely 
several standards should be prepared and the unknown matched against the most 
suitable one Satisfactory standards contain 1 0 0 5 and 0 2 mg per cent of the sul 
(onamvdw At a Wood dilution of \ 20 these staudaids coTTespond to b\ood lev els of 20 
10 and 4 mg per cent respectively It is convenient to set the 1 mg standard at 
10 mm m the colorimeter the 0 o mg standard at 15 mm and the 0 2 mg standard 
at 20 mm 


Reading of Standard 
Reading of Unknown 


X 20 X mg per cent concentration of standard 

= mg per cent free (or total) sulfonamide in blood 


For photometric measurement, transfer the colored solution to a suitable container 
and read m a photometer at o30 m>i * B1 Set the photometer to zero density with a blank 
obtained bj treating a 10-ml portion of 3 per cent trichloroacetic acid with nitrite, 
snlfamite etc as jn the treatment of the unknown Prom the photometric density of 
the unknown and the densitj of a know n standard preferably determmed at the same 
time calculate as follows ,M 

Density of Unknown . . , . , , , , 

tv r — i — i X 20 X mg per cent concentration of standard 

Density of Standard b * 

=■ mg per cent free (or total) sulfonamide in blood 


dcred drug not the tablets This standard is stable for months in the cold To prepare dilute 
standards containing 1 0 0 o and 0 2 mg per cent measure 10 5 and 2 n 1 respectively of 
tie stock standard into 100-ml volumetric flasks containing IS ml of lo per cent tn 
cl loroacctic acid Dilute with water to the 100 ml mark and ran Store in the cold and 
prepare fresh ever> few da>s 

10 * \S ith some of the sulfonamides correction factors are necessarj to correct for drug 
lost during the prccu itaUon of the proteins. With sulfanilai u le sulfaguamdmc sulfa; j n 
dino at levels less tl an 5 mg per cent and free sulfathiazolc no correction factors ore 
needed For sulfapj rtdine levels grealer tl an 5 mg per cent multi pl> the results for both 
free and total drug b> 1 1 to obtain tl o correct values tor acetjlated sul fall lasolc sub- 
tract tl 0 uncorrected free value from the uncorrected total value and multiplj tl e differ 
enco b> 1 3 

*°* I liters or wavelength settings fro n 520 to 540 iyi give equally satisfactor> results 
(seo tig 107) 
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The density of a standard contammgO 2 mg ' ^ ct ^\ S q^ h, s meat* 

1 cm cmette is approximately 0 300 at o6U m/x jr t ' 10 to 12 

that at tins solution thicknea Mood*' smcc agreement with 
mg per cent aulfonam.de may be read ^‘^^' eoncentrftioris produce 
Beer’s Uw is excellent over a 'vide range H &•> guch cases the 

colors rvluch are too deep for precise measurement d Uood (or of 
determination must be repeated at a greater dilution solution 

thl i ao filtrate d.luted u.th 3 per cent trichloroacetic mud) 

thickness greater than 1 cm » «*d 'Lddutn oXTthanZO^ased 
reading is proportionately reduced If some dilution oth Bratton 

this dilution should replace the 20 m the above j"“ S cinplo) ed 
and Marshall point out that dilutions of 1 oO or 1 100 I m y Anting 
m this procedure if photometric measurement is used, thus p 



Fig 107 Absorption Spectra of Colored 
Solutions Obtained in Bratton Marshall 
Sllfonaiiide Method 
For standards containing (a) 0 2o mg per 
cent and (6) 0 oO mg per cent sulfadiazine 
Solution depth 1 era 


the use of fingertip blood (0 1 to 0 2 ml ) The only precaution is t ^^ c „ 
final concentration of trichloroacetic acid in the protein free aliquo 
for analjsis should be 3 per cent blo0 d 

Interpretation The major factors influencing the level oi . n g 
sulfonamide content hav c already been presented (p 6 >8) , depe^^ 
upon circumstances the total blood sulfonamide concentration may 
from a trace to as high as 20 mg per cent or more w ith a variable p* - ^ ^ 
tion of this in the acctylated form It is the level of free drug 
therapeutic importance it is usually considered clinically that c ^ 
levels of free sulfonamide range from 3 7 mg per cent for sulfatlna 
as high as 13 mg per cent for sulfanilamide and sulfadiazine ^ iUs 
metabolic derivatives other than acetjlated forms which liax ® in 
far lietn recognized do not appear to require h> drolj sis before rcac j uC f r 
the colorimetric procedure and will therefore be included in the ' a 
free sulfonamide content the extent to which this occurs, and the I 
significance of these derivatives has not as jet been evaluated 



Chap 23 


Blood An altsxs: Colorialdtra and Photometry 


C61 


DETERMINATION OF PROTEIN-BOUND IODINE 
Method of Chaney:™ 1 Principle. Thu iodine-containing hormones (thyroxine and 
triiodothyronine), along with other organic compounds containing iodine, if present, 
arc precipitable with scrum proteins by tungstic acid, zmc liy dr o vide, etc 
By digestion of the protein precipitate with chromic-sulfuric acids, the iodine is 
oxidized to iodic acid which remains m the acid digest. Other halides and volatile 
products of oxidation are distilled off during the digestion 

On adding an excess of reducing agents, the iodic acid is reduced, and iodine dis- 
tilled off in a special still and collected in dilute alkali and arsemte The concentration 
of iodine m the distillate is measured b> its catalytic effect on the rate of i eduction of 
ceric salts by arsemous acid This may be done by a senes of colorimeter readings at 
5-mmute inter\ als, or by a continuous recording colorimeter The method is suitable 
for determination of trace quantities of iodine in serum, tissue, or other biological 
material, m the range of 0 01 to 1 pg 

Procedure. The proteins in 3 ml. of serum or plasma are precipitated by 
30 ml. of tungstic acid (1 volume 2 3 N sulfuric acid, 1 volume 10 per cent 
sodium tungstate, 16 volumes water), or 24 
ml. of zinc sulfate (1.25 per cent) and 3.0 ml. 
of sodium hydroxide (0.75 N) in a 50-ml. 
centrifuge tube, and the clear supernatant 
liquid is tested by the catalytic method 
(see below) for the presence of interfering 
quantities of inorganic iodide If the serum 
contains more than 25 pg. of inorganic iodine 
per 100 ml., additional washing of the pro- 
tein precipitate is required. 

The protein precipitate is then dissolved 
in 20 ml. of sulfuric acid (78 per cent by 
weight and iodine-free) and transferred with 
the aid of 15 ml. additional sulfuric acid to 
a 300-ml. two- necked digestion flask con- 
taining 2 ml. of chromic acid (concentration 
100 g./lOO ml.). Digestion is carried out for 
a period of about 10 minutes over a 350 watt 
electric heater till the temperature reaches 
about 230° C. The digest is allowed to cool, 

15 ml of water added, and the flask reheated 
to a temperature of 200® C. 

After cooling and diluting with 20 ml. of 
water, the flask is attached to the special 
still and condenser and each of the follow- 
ing added through a side tube, to reduce 
iodic acid and the excess chromic acid In the 
digest. 1 ml. 8 M phosphorous acid, 1 ml 0 45 N arsenious acid and 1 ml. 1.5 
per cent hydrogen peroxide. To the still trap is added 1 ml. of 1 N potassium 
hydroxide and distillation Is carried out for 6 minutes. The distillate in the 
trap is run into a tube calibrated at 12 ml , containing 0.25 ml. of 0.15 N 
arsenious acid, and diluted to volume. 

,#l Chaney InJ h ng Chen, .4 not El 12, 179 (1940). Taurog and ChaikoU J Biol 
Chetn lsi, J13 (194<>), Barker J Bid Chen. 173, 715 (191S), Connor Curtis el at 
Surgery 2S. 510 (1949) , Kjdd, Man and Peters J Clin lnre*t 2V, 1033 (1950) . Chaney 
inal Chrm . 22, 939 (1950) 



Fig 1G8 Iodise Distillation 
Atparatls. 

Courtesy. Dr Albert L Chaney 
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The iodine concentration in the distillate '. ^enlou".^! ati 

aliquot In a colorimeter tube, addins 0.5 ml. of 0.15 the rate 

o!s* ml. of 0.10 N ceric an, fate in 5.5 N ^’and “mparts thie »“ 

of color fading at a constant temperature (50 .), d|kjt P ed with slm iiar 

tilth that of known quantities of iodine (0.01 0.6 M80 

amounts of alkali, arscmous acid, and “ r ‘ p j the rate of color 

made at 5 -minute internals, using a blue Biter (ISO ■»), and the 
change calculated or plotted. necessary so that 

Reagents should be specially selected and pur fie ? “ does oot 

iodine content of quantities required for a complete determination 
exceed 0.03-0.05 

Interpretation. Normal scrum protein-bound iodine ” $ 

from 4 to 8 «. per 100 ml. In hyperthyroidism, nta >»P from St ^ 
pg. per 100 ml , while in hypothyroid states, levels are 0 to ■» « / ioDS 
Lot values are also sometimes found in nephrosis and l other io . 

with very lmv serum proteins. In pregnancy a mild e , a dmmist»- 

bound iodine occurs. False high values may Mltnvmg adtoi „ 

tion of “Liptodol,” x-ray diagnostic agents ( Pnodax, 

“Skiodan”), “Itrumil," and “Diodoqutn.” 

CLINICAL MICROCHEMICAL ANALYSIS 
The following discussion of clinical microchcmical analysis is a 
introduction to the field, offered to the reader to encourage him «> 
ture in and apply his ingenuity in solving problems related to 
ysls ol btnall amounts of biological fluids. Brevity precludes adeq 

Scales or Measl reheat IV Micbociiemical Avaltsis, Tebmivologt, 
Examples in Clinical Chlmistrt 


Quantity 

Measured 


'Win-nations 


20 Milligrams 
1 Milligram* 

1 Microgram 

0 001 Micro- 
gram 

0 000001 
Microgram 

1 Millililcrt | ml 

1 Mirroliter , bimlnla, 


mg. 

mg. 

>tg , gamma, 
or t 

mpg 


Current I Suggested 
Terminology ] Terminology 


I Examples in Clin ted 
Chemistry Currently 


htmimicro 


Ultramirro 


Submicro 


Micromicro 


Milligram 

chemistry 

Milligram 

chemistry 

Microgram 

chemistry 

Millx- 

microgram 

chemistry 

microgram 

chemistry 


Used 


Macro-Kjeldahl anab * 13 

for nitrogen 
Micro-Kjcldahl aoab H 
for nitrogen 
Fluonmetnc anal>«« 

for urinary copr°P« r 
phr> nns . . 

Catalj tic al “h“, 1I>t 

protein-bound iod 

Microbiological a**? 

for sitanun Bit 
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recognition of the numerous original workers, who did the pioneering The 
definition of microchemical analysis is difficult because of the prevalence 
of numerous descriptive terms The table on page 662 contains some of 
the terms, abbreviations, and usages The examples of analytical micro 
techniques used m clinical chemistry reflect the range of measurements 
encountered Where concentrations are high (e g , protein m plasma 
= 70,000 pg /ml ), minute volumes may be used for analysis, however, 
where low (e g , protein-bound iodine in plasma = 0 05 /ig /ml ), larger 
volumes must be used 

It should be noted that many clinical chemical determinations of neces- 
sity are microtechniques, because thej deal with trace amounts of ma- 
terial For example, quantities as small as 0 5 pg of coproporphyrm in 
q ml of unne, 0 I pig of tryptophan m 0 02 ml serum or 0 03 pg of 
iodine in I ml serum may be concerned in a routine analysis These 
figures indicate that minuteness of sample volume is not a consistent guide 
to the minuteness of substance measured 
The advantages of microchemical procedures in clinical chemistry are 
numerous For example, where serial chemical data on infants are de- 
sired, standard procedures and their required volumes of blood are im- 
practical Sobel 306 and Isatelson 307 have developed routine procedures 
requiring but a few drops of blood, readily obtained from the fingertip or 
heel of the infant Lowry, Bessey, and co workers developed micro- 
methods for mass nutritional surveys, using fingertip blood for serum 
proteins,* 08 alkaline phosphatase, 309 vitamin A, 310 vitamin C, 311 iron, 312 
riboflavin, 313 tocoplierols, 314 and thiamine 3,0 

In addition to savings in equipment (syringes glassware reagents, and 
laboratory, refrigerator, and centrifuge space) it was possible to make 
great savings m time and perform these analyses at the commend- 
able rate of 50 per hour Blood chemistry m small animals also requires 
microtechniques 

Certain characteristics of microchemical analysis are uniquely favor- 
able For example, dry ashing of 10 pil of serum takes a few minutes 
whereas larger amounts require considerably more time In the analysis 
for calcium, if proteins are to be removed, ashing is easier than protein 
precipitation and collection of the supernatant fluid In analyses using 
microdiffusion for separation, the rates of diffusion can be increased b> 
reducing the reaction volumes 

Some disadvantages are the special requirements of apparatus skills 
and methodology Ixirk m has pointed out, however, that there is no 
sacrifice of accuracy m microchemistry 

,M Sobel and Hanok Mikrochcmie ter MiLrochim -tc/a 39 51 (!9o2) 

»« Natelson Am J CUn Path 21 1153 (19^1) 

* 8 * Lowrj and Hunter J Biol Chttn 159 (194j) 

Beic?c> Lowrj and Brock J Biol Chem 161 321 (1940 

* • Bea.'Cj Lowtj Brock and Lope* J Biol Chem. 166 1 (1910) 

* * Bcs~ey Lowrj and Brock J Biol Chem 168 19 (19 r”) 

' * Burch Lowrj Bcs^ej and Berson J Biol Chttn. i“4 7JI (191S) 

** Burch Bchscj and Lowrj J B ol Chem. 175 45“ (19 IS) 

*** Quanlc Serin shaw and Lowrj J BioL Chem. 180 1--J (191 J) 

*** Burch Bcsocj Loie and Lowrj J Biol Chem 198 4"“ (19*> ) 

* * Kirk Quaniitalirc UUramicroanalyeu NcwXork John W ilcj A *»oi a Inc 1950 
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No new phys.cochcm.cal lens apply ‘° 
methods requiring about 1 null, mole o ™ Measured, 

measured, in m.crochcmistrj about 0 X . that reactions 

whirl, is still a large number of molecules lhis implies uuu 
which take place btoiclnometncally with large quantities O b 
ought to work with smaller amounts, anil in practice, 
clinical chemical procedures can be performed on b > final 

material Most of the facilities for measurement are limited 
concentrations of the desired sulmUnee A major device, For c j- 

ehemistry is to limit tile volume of the final reaction mixtul re 
ample, in the titration of 50 ml of 001 X HC1 w ith 0 101 i •* obta , n cd 

methyl red as the indicator, 100 ml of final reaction mi\tu h 

at the end point With the addition of 0 05 ml (0 1 P« 
titrating agent) a visible change in end point occurs By 
volume from 100 ml to 0 1 ml , an increment of 0 1 per cent of the « ^ 
mg agent should visibly affect the end point If there is no saenlic ^ 
accuracy of measurement, the analysis is reduced from the mca o j 
of 500 /ie<i to 0 5 ncq with no loss in sensitivity at the small 
analysis The same is true for colorimetry 1 or example, M pi oiu 
blood (1 0 ml of 1 20 filtrate) containing about 50 #ig of glucose, ^ 
analyzed for glucose, will give sufficient blue color in a final ' 01U 
25 ml to be measured in any colorimeter Reducing the reaction m ^ 
to 1 ml and measuring the color in a suitable colorimeter allow 
measurement of 2 *ig of glucose (equiv alcnt to 2 pi of blood) y 

Other approaches include the use of special sensitive measure® 
such as fluonmetnc, microbiologic, catalytic, enzymatic, spcctrop 
metne, and other methods of analysis which use specific chc ^ 
biological, or physical properties of the substance being measure ^ 
possible adaptations to microcbnical chemistry arc innumerable an 
facilitated by the ingenuity of the analyst and good equipment 

APPARATUS AND TECHNIQUES 
Precise microwcighing in clinical chemistry is possible but not 
sential Measurements involving microprecipitatcs are made colon® 
cally or titnmetncally For example calcium precipitated as the phosp 
is measured colonmetncally, and calcium precipitated as the oxa 
measured titnmetncally Most standards are weighed on orcu 
analytical balances and diluted to suitable volumes , 

Trace matcnals can usually be isolated, punfied and concentrat 
chromatography (resin, paper, silica gel, alumina, etc ) or countercur 
distnbution (see Chapter 1) Special methods may require special e< l 
ment which can either be made by the analyst or purchased , an j 

Micropipets. Several excellent micropipets** 7 have been describe ^ 
successfully used Three are shown in Fig 169 The pipet (A) of 55 ^ 
Cunningham, and Kirk,*** which delivers from 1 to 1000 id is widely 


*>’ M icrocl emical Specialties Co 1834 University Ave Berkeley Calif , 1“ 
12 types o! micropipets ranging; in volume from 0 25 to 1000 jJ 
*'* Sisco Cunningham and Kirk / Bui Chem 139 1 (1941) 


aboa‘ 
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and readily available commeicially The straight tube pipefc (B) is simple, 
is easy to construct and calibrate, and can deliver accurately volumes of 
1 to 1000 pi or more C represents a self-filling pipet used for automati- 
cally measuring 1 to 10 pi This type may also be used as an overflow 
pipet The constriction type pipet made by Levy 319 is a very convenient 
micropipet delivering from 1 to oOO pi when properly made and used 
Levy, 319 Lowry, 3 u9 and Natelson 307 provide details of construction As an 
alternative, straight tube blowout pipets (Tig 169, B) with fine tips may 
be used \\hen rinsed with water or reaction mixture, they will deliver 
contained volumes with errors of 0 1 to 0 5 per cent Pipets of over 20 pi 
when emptied by drainage alone 
wall deliver volumes with 1 per cent 
error or less The error is smaller m 
the larger pipets Siliconed pipets 
deliv er the contained volume with 
out drainage error, 320 hence they 
can achieve excellent replicability 
down to 0 1 per cent error Further 
more, the complete drainage clinn 
nates the need for rinsing between 
samples This advantage fails with 
whole blood but holds with blood 
filtrates Pipets are calibrated to 
contain or to deliver, depending 
upon their use The delivered or 
contained (as desired) weight of 
water is a convenient basis for 
calibrating pipets The weight of 
water in mg XI 004 (at 25° C ) 
gives the volume m pi Mercury 
weight (in mg ) delivered X 0 0739 
lb the volume in pi Other conven 
lent methods involve measuring the 
delivered quantity of chloride, acid, 
or dye from a solution of known 
concentration Unsiliconed pipets 
used to deliver should be emptied slowly and for the length of time 
specified in the calibration, and then the remaining contents should be 
emptied by gently blowing while the pipet is rotated slowly to transfer 
the tip contents onto the wall of the container A fine tip allows excellent 
replication 

Microburets There arc a number of suitable, ingenious raicroburcts 
described m the literature, many of which arc made commercially 
Especially bitibfactory is the Scholandtr 3 1 type, an example of which is 
shown in Tig 170 This buret w is made from a machinist’s 1-mch microm- 


***Lo\y Com ft renj true lit Carls>>rra Sr chim 21 101 (1036) 
m I) kk ll hi 1 b ill Snow lib (1<W) 
lander Sctenee 95 1 (I *1 ) 
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ABC 

Fig 169 Microfiplts. 

.4 Pipet of Sisco Cunningham and 
Kirk B straight tube pipet C self 
filling or overflow pipet depending upon 
how it is used 
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ear, which can be obtained with a scale cabbed m 
of a millimeter or inch As the micrometer is turned clock nse P 
the spindle into the mercury as shown m r.g 170 and dupM* » ^ 
equivalent to the volume of the shaft that enters lon above the 

taneously displacing an equal volume of the standard so ut n 0 h( . 

mercury V fine opening in the buret tip prevents back ditluMon 
reaction mlUure into the buret A titration is made to the desire 



FlC 170 bCHOLASUKK MlCROBCKET AH UfiED 
with the Mickotituation Table Shown in 
Fig 171 

The setup si own is for the electrometric 
determination of cl loride a 1 inch microm 
tier and rod used for 1 older b gasket c set 
screw an 1 metal plate d glass l urct e mcr 
cur} / carbon tctracl Ion lc g special dec 
trodcs h lo X 1 > nun \ lal which holds 1 ml 
of reaction mixture » v lal holder attached to 
si aft r f titrator 

point whereupon a reading of the micrometer is made and a new tit ration 
w begun The tip ih not washed between titrations After the k urct 
emptied more standard reagent is added bj turning the micromct^ 
handle counterclockwise The tip should be wide enough to allow" rap 
filling without pulling in air through the joint The usual micrometer" 
deliver about 30 *d per mm (or 7 o pi per 0 1 inch) and the buret will o 
liver this \olume to ±00.5 *d or 0 1 per cent lor ordinary work on 
filling i f standard solution will provide for 8 to 2o continuous titratio 
Smaller diluents with equal precision can l>e achieved by reducing 
diaini It r < f tin shaft which enters the mercury ^ 

Hie inert urj di place tnent buret has been cnticircd on three I** 1 * 1 
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(1) expansion, -with heat, (2) leaks through couplings, and (3) reaction of 
mercury with reagents above it. Expansion errors are negligible when wide 
temperature fluctuations are avoided. Leaks are rare in properly main- 
tained burets. The problem of reagent interaction with mercury is com- 



Fia. 171. Microtitration' Table with Mounted Sciiolandek 


Blret. 

The \ ial fits into a holder attached to the rotator. T he 1 itter can be 
raised and low cred. The buret tip functions as a stirring rod 

Courtc»> , Walter Recti Array Medical Center, W oaLiasUin, D. C. 

pletcly eliminated for most aqueous reagents by interposing a 3 to o mm. 
(about 0.3 ml.) layer of carbon tetrachloride between reagent and 
mercury. 

A microtitration table,*" devised so that the buret described here can 
readily be mounted, is show n in Fig. 171. When the \es*el into which the 

*** Made by 11. Kuglcr, College Part. Md. 
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Fic 1 2 Diagram of 
Conway Diffusion 
Clu. 


buret t.p .» immersed ,3 rotated raprdlj the buret trf , 3t,r3 the 

mixture reaction \exxel-J from 0 1 to j ml ma> be pce.nl 

^ ^ *>00 to 900 r p m \n> fccnsitiv e indicator or I 

electrodes u«ing standard equipment and circu. 
can be used for titrations At the end poi ^ 
rotating shaft is lowered, a new titration ' ' 
inserted into the holder, and the shaft is ral ^ 
position for the new titration Glass vials “ 
able diameter are cut to \ertical size for 
\essels A white penicillin bottle stopper” asm* 
ble for holding v olumcs of 100 pi Acidimetn 
tions in 1 ml volumes maj be performed as *6 
standard pH meter fitted with glass <JUinh>dro 
or antimony electrodes, the latter t«o 
electrodes have been used routinely in 1WJ , 

umes litration curves of excellent quah •> 

a< curacy are obtained The calomel half cell (see p 47) ,s ma V up 

sidcarm test tube with the sidcarm bent and drawn out to a 

Vgar is used to plug the tip which is in 
Mirted intJ the titration vessel along with 
the opp< itc electrode and the buret tip 
Reaction Vessels Titration vessels can 
l>e made fr m glass v lals cut to a suitable 
size Standard small test tubes of 3-ml 
(10 X 7o mm ) or 1 ml (G X j 0 mm.) 
volume serve as reaction vessels which 
can be heated, cooled or otherwise mampu 
latcd Such test tulies can also be made 
into volumetric flasks 'small centnfuge 
lubes from 0 1 ml up and high fc peed mi 
croccntnfugcs are available commercially 
Microdiflusion \pparatus The Con 
wa> cell* 4 (I lg 172) for diffusion has been 
well and uiuversallj studied and applied 
III conventional use the reaction mixture 
is placed m the outer chamber and the 
reccivn ►, s< lution in the inner chamber 
The dish is sealed with a lubricated glass 
plate \n> liberated gas diffuses from the 
outer to tl c inner chamber In the deter 
munition cf Nil* the inner chamber con 
tains IIC1 or other uuital le acid for the 
determination < f CO* the inner chamber 



Fig 1"3 Microdiftcbion C*^- 

t lx v K mm xial ^ 
i la x la m libera ** 5 

action mixture » h,ch _ U T, t U* 

gas or alisorlis it C 

pen c Uin l>ottle stopper u ^ 

m the stopper .1 cb 

sol It on that receives #*“ „ 

1 Urates .t In the detenm^^ 

of CO*, gas is liberated 

acid at B and received 1 0 

(OH), at D In the determ n» p 

of ethanol blood is pkf . n 

and the 1 berated et , .g 

u 1 l yacdd chromate* 


coi tains Lla(Oil), Hie determination is made bv titrating the solution 

• • * • - anno 


the int tnlumUr « r » thdrawing the cr ntents for colonmetric 


rid 
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(A) to contain the reaction mixture, and a pemciilin-bottle stopper (C) 
for the receiver In the determination of bicarbonate, 325 acid is placed at B, 
and a measured quantity of Ba(OH) 2 is placed at D The sample (blood) 
is introduced into the vial and the liberated C0 2 is received by diffusion 
into the Ba(OH) 2 above The stopper (Z>) is inverted and placed on the 
titrator and the excess Ba(OH) 2 is measured acidimetncally Another ex- 
ample of the use of this cell is in the measurement of blood alcohol where 
50 to 100 pi of blood are placed m stopper D and 0 500 ml of standard 



A B C 

Fig 174 Diffusion Bottles for tue Deter 
MIVATION OF N H| 

/I Penicillin type bottle B streptomycin 
type bottle C glass receiving rod 6 X 90 mm 
with a constriction 10-la mm from the end The 
stippled area represents a roughened surface 
(ground) to aid in retaining the film of acid \\ bich 
rccenes the diffused NH, D cap for bottle B 


acid dichromatc in the vial at B The diffused alcohol is measured by 
titrating the excess dicliromate remaining after oxidation of the ethanol 
Another group of diffusion cells 32 * is shown in Tig 174 1 is a standard 
penicillin bottle 327 C is a glass rod fitted into a penicillin bottle stopper 
The rod has a constriction at one pole The tip surface is ground so that 
when inserted into acid it wall retain a film of the acid A sample con- 
taining \Hj is introduced into 1 The final v olume is adjusted to 1 0 ml 
The solution is made alkaline with Iv-CO* crystals, the receiving rod, 
previously dipped into 1 X H-SO« to the constriction, is inserted into A 
and closed *lhc entire cell mij be placed m a rotator (hig 175) and 
rotated so that diffusion is accelerated The Is II* collected on the reccn 


*>» s 'eligaon anil s 'digson tnot Chrm 23, ISi7 (19ol) 

,1 * ’ylitpu [i an 1 Nil gion J L*tb Clin \fed IS 1.1 (Uol) 

*» T> fM> S- Oo XO*J>OLfV IT bottle T C W 1 talon Co Millwile V J 
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mg rod is measured eolonmetnealiy B is a streptomycin bottl 
uhleh a Kjeldahl determination may be mrnci oat color 

Photometry. \ny one of the several a' t nibble adap ,a 

lmtters may be u«ed for microchemistry Thc Loiiry J volumes 

tion for the Beckman spectrophotometer has the • ; th ^ ^ ^ 

down to 2o n 1 can be examined over a wavelength ® ment s) 

935 mg Microcuvettes”* (3 X 10 X 2o mm 
hold 0 S ml and may be used in some of the newer ins 



Fio 17o Rotator for Facilitating Difflsion or NH, in Bottles b 
in Fig 174. 

Courtesy Walter Heed Army Med cal Center Washington, D C 

special earners For smaller volumes a sheet of metal with a 1 , 

hole narrows the beam of light so that it will pass through 100 p ^ ^ 
Lowry states that rinsing between samples is often unnecessary 1 ^ 

determinations of similar samples Sihconed cuvettes eliminate 
for rmsmg 

CLINICAL MICROCHEMICAL PROCEDURES ^ 
Determination of Urinary Ammonia Nitrogen **• Principle 
art* contorted to Nil, by alkahnization the hi e rated Nil, gas is collected y ^ b* 
an i measured eolonmetnealiy The working range is 5 to lo jig of Nil** . c3 ple ,0 
r«*d lied to 0 5-1 5 «; by suitat le adjustment# This basic method is “PP 

"•Tjpe S-281 NO-nOI^VIT boltle T C WleatonCo Millville V 3 
••MjroeellMa ufeetunng Co 207 F 81th Si NYC 


am 
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every sjstem which liberates NH* stoichiometrically For example urease will hy 
drolyze urea acid will hydrolyze amides (glutamine urea etc ) and mnhydrm « ill 
oxidize ammo acids to liberate NH, The classical Itjeldahl method can also be applied 
as illustrated below 

Procedure 330 Add 50 pi of urine to a diffusion bottle (A, Fig 174) , add water 
to I 0 ml and 1 g h. CO s 1 JjjHjO Stopper with the receiving rod (C, Fig 174) 
previously dipped to the indentation in 1 N II SOi Place the bottle on the 
rotator (Fig 175) and rotate for 30 minutes (complete diffusion) Transfer 
the rods to clean bottles or cuvettes and wash the acid into the bottle or 
cuvette with 10 0 ml of diluted Nessler reagent Read in 5 minutes at 420 
and compare with a standard (1 0 ml ) and a blank (1 0 ml of water) treated 
as described for the diluted urine sample 

If speed is essential, rotation may be stopped at 10 minutes and the 
incomplete diffusion (90 per cent) corrected by comparing unknowns to 
similarly run standards. If smaller amounts of Kessler reagent used, 
the working range diminishes accordingly One pg of mtiogen per ml of 
Newsier reagent is a good ratio After diffusion the collected NH 3 on the 
receiving rod can be stored in a clean bottle and measured at the analyst’s 
convenience The error is 1-2 per cent Where air contamination by NHj 
is a problem, equipment should be nnsed and dned before use 

Deternunattonof Urea m Blood , Urine., Serum or Other Bialbiical Fluids 331 
Principle The method above is applied by measuring the NH* liberated by the 
h> drolj sis of urea w ith urease The same apparatus is used 

Procedure Transfer 50 of serum or 10 /il of urine to a diffusion bottle, 
make to 1 0 ml with 0 05 M phosphate buffer, pH 7 0, and add 1 drop of fresh 
5 per cent urease suspension After 15 minutes at 40° C , add 1 g K 2 COj 
lt<jH s O and cap with a stopper and receiving rod previously dipped in 1 N 
II SO« Rotate for 30 minutes Measure the collected NH» as described above, 
comparing with NHj standards and a reagent blank Correct urine for con 
talned NH* determined as described above Fresh blood or serum requires 
no correction Measurements can be made on 5 nl of sample if desired 

Analyses of a sample of urea on 8 different dajs produced a standard 
error of 0 5 per cent All the usual precautions for piotecting urease 
apply 

Determination of Total tsitrogen by Kjcldahl Digestion and Mtcrodtjfu 
Sion 333 Principle The sample is digested with a concentrated acid digest on mixture 
until all of the nitrogen present has been converted nto ammonia The ammonia is 
released by alkali as usual and collected by microdiffusion The collected ammonia is 
determined colomuetricnlly The method as described is for the determmat on of non 
protein nitrogen (NPN) in a protein free plasma filtrate It is equallj npj heal 1c to 
the determination of total N in unne plasma protc ns etc T1 e size of sample si ouhl 
\ e such na to contain not more than approximately lo of total N 

1,9 Reagents Required Standard ( V//«) jS0«. IS fig V per ml 

1 \ //iSO*. 

KiCOt Crystals Fit bottlo with spoon to deliver about 1 g. 

\ ctslcr Reagent of I anetloto {Ind Eng Chtm Anal Ed 12.516(1010)) Dissolve 34 0 k 
ht and. 45 5 a Ilglt in as little water as possible Add 112 6 K01I and water t » l liter let 
sstaj 1 3 daj s dilute 1 5 before using 

tocl K*on and Bother To be publisl ed 
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Procedure"’ V protein free filtrate 18 “’’“‘‘“f Add’o ^ 

per rent tr.chloroacet.c arid to 1 part 0 b “ '*£ J ’ th e hardfi^ 

of 1 to filtrate (equivalent to 50 *J of serum) or o Heat slight 00 

bottle (B. A* .74) fol.oned by 1 0 ml of d.fiest.on L»- 

a hot plate to JU!t short of boiling, and contra , b sence of droplet" at 

water disappear from the bottle, a. manifested byh» » b «» an daddaP 
the side. Slowly raise the hot plate temperature to about 50 „„„ 

(D.Fig 174) to prerent lossof spray Asuitable *'“**“' (<Jf 2 hou rs Cod 
the sulfuric add refluxes one half way ,, l , * e b "“ l ' |' washing "»>“ 

and wash down caps and sides of flaslrs with 1 5 ml twcexers am 1 

,10. using a fine tipped p.pet Add 4 to 5 .pellets io N.OH on p 6 1 

stopper with an add coated receiving rod (C, Fig 174) as desm M[nple „ 
for the determination of urinary ammonia R ”“ ,e,1 ™ f Se ssler rea geo* 
diffusion Wash the ammonia from the rod with 10 0 ml anJ Maoll 

and measure the color as described previously Prepare s 
as usual 

Determination oj Chloride Principle This u a modification of the ^ 
ham»‘ procciluie The sample of plasma unne or off It fluid is mad nt ^ 

the tl 1 rule is titrated with \g\0, untd the special electrodes give o 
eating the appearance of Ag* and the disappearance of Cl 

Procedure Clean two electrodes" by repeated immersion tt ^ rcur 
llNOa. Amalgamate one electrode by repeated Immersion 10 C J t b 

beneath 10 per cent HNOi The sliver electrode tip i» stored in a(JJ 
amalgamated one In mercury Place 50 jJ of serum or unne in a * ^ 

drops of 3 6 N II, SO. Place the vial on the titration assembly (H2 , f 

water to about 1 ml Arrange electrodes and microburet as shown in ^ 
The electrodes should reach to about 2 mm* from the bottom of t ^ & 
the vial should rotate at about 600-800 r p m The wiring diagram 8 * nt f r of° 
Fig 176 Adjust the galvanometer to zero with the aid of back curr j p( j| 
the potentiometer Add AgNO, from the buret until the galvanome^ ^ jfce 
cator moves to and remains for 15 seconds at a predetermined P° ,fl 
scale The buret and the contained AgNO, can be calibrated against » 0 t 
chloride solution to give readings of chloride content directly Tb® * g»l 
is chosen as the inflection point of a titration curve made by P lot 
vanometer units against buret units 
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The method is adaptable to one pg of chloride by reducing volumes, using 
smaller electrodes and more dilute solutions 

Determination of Blood Alcohol Content 3,7 (. Modified from Wtnntck m ) 
Principle The alcohol is separated from the blood by microdiffusion. and collected m 



Fig 17G Circuit for Measurement of 
Chloride 

At silv er w ire electrode Hg siiv er w ire elec 
trodc amalgamated on its surface, G golvan- 
ometer sensitive to 7 34 X JO 10 amp (G L 
jli) S shunt for the galvanometer, R S re- 
versing switch P, potentiometer made from 
two variable resistors and a 1.5-volt battery 
See Fig 171 for electrode and microburet 
arrangement on the microtitration table 

standard chromic acid solution where it is oxidized The chromic acid remaining is 
titrated lodiinctncally v ith thiosulfate The thiosulfate is standardized by analyzing a 
xtandnrd alcohol solution 

Procedure **• lllood Is prevented from clotting by the use of sodium Ouoridc, 
and If not used may be kept In the refrigerator for 24 hours PIpet 250 of 

w 'M'ligson and bloom an Unpul lisl ed 

111 \\ innick In l Fng Chrm Anal hd 14 o23 (1912) 

*" itoaRonta ltcquiml Mandart CAromic -tcid Solution h,Cr,Oj 0 05 N m 10 N H*S04. 
(l 2 \ Na-S 0» 

l alatn in* todt U -0 jjcr cent 
'starch Sol lio » 0 I jx-r rent 
hiCO» 1« -11,00 l 

Milliard Uculul 1L0 i iR /100 ml Dilute 2 00 ml of alro Into alcohol (*j» g O.SOOJ to l 
hter with distilled water and mix 
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the .mutant chromic acul solution ! ht.o a ( ‘lass vja 1 1 T™* 

of blood into the well of the rubber ( the bloo d, no carbonan 

— * ,Mbo ' 

BO \V’hen diffusion rs conrplete, renrove ,he 

acid in each vial as follows Add 1 drop o « the solo 

titrating table, and titrate with standard I (0 2 N) thlos the a.sap- 

tlon ,s faintly yellow Add 1 drop of starch solution and titrate 

pearance of the blue color standard from the rs 106 

CAhcULATTOV bubtract the buret unit, required : lor the < ‘t““~ d}or the sample 
found for the blank Call this i alue a Subtract the buret unite I req ^ ICO M 

from the sable for the blank Call the, i alue b Since the standard represc 

per cent alcohol, the calculation is as follows 

mg per cent alcohol in blood “ a ~ X h 

The alcohol in as little as 10 pi of blood can be measured by 
the concentration of chromic acid and thiosulfate High ,s ap 

will accelerate diffusion and ovulation The error of the anaiy 
proxiraately 3 per cent 

Microdeternunatton of Acid or Alkali Principle The 1 “ as 

is placed in a titration assembly fitted with a suitable pair of electro p; 

either glass qumhydrone, or antimony 1 ** electrodes) attached to a pH m b 

is measured after each increment of added standard alkali or acid as t ec 
Titration 13 continued to the desired pH end point ^ 

Procedure Place I 0 ml of the solution to be titrated in a 15 X 17 j”. tr0 de*. 
Place In the holder of the titration table (Fig 171) and insert the e ^ ^ e pH 
which are connected to a pH meter Start the rotating shaft and tea ■ ^ {be 

as Increments of standard alkali (or acid) are added Read the bure 
desired pH Is reached ^ 

With this system, titrations can be earned out rapidly to the ^ 
end point For acid solutions approximately 0 01 N in strength, ^ ^ 
alkali is satisfactory By reducing volumes and concentrations an^ 
ploy mg antimony or qumhydrone electrodes as little as 100 M 1 ^ 
tion may be titrated Errors due to contamination by the COi o ^ ^,Q r 
may be eliminated in most instances by blowing a gentle stream o 
free air o\ er the surface of the titrating vessel r u j jn 

The procedure desenbed here has been found particularly us f D i* 1 
microbiological assays based on measurement of acid p rod' uC 
Titrations were earned out in a final volume of one ml , in 15 X v 
uals which were incubated in a Petn dish modified to hold 2o oB 
spatula tip of quinhy drone was added to each \ lal contents, an<l ^ o0 c 
continued to pll 7 0 using a platinum calomel electrode sy stem 
filling of alkali in the buret from 25 to 30 \ lals could be titrated » 
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of better than 1 per minute, with au accuracy exceeding the requirements 
of the method. 

Measurement of pH and Hematocrit. Scholander 342 and Others have 
devised accurate microgasimetric methods for C0 2 , N 2 , Os, and CO. 
For clinical purposes the method of Shock and Hastings (see p. 703) for 
pH, CO 2j and hematocrit is very convenient and desirable. Singer and 
Hastings 343 provide a helpful nomogram and discussion for evaluation of 
various forms of acidosis and alkalosis, using the data obtained by this 
method. 

Measurement of Sodium and Potassium. Suitable but relatively tedious 
microchemical techniques have been established for the determination 
of sodium and potassium With the advent of flame photometry, 
rapid, accurate micromeasurements are easily achieved (see pp. 650 and 
653). Sodium (0.7 peq.) in 2.5 ml. of 1 :500 serum (5 pi.) can be measured 
in most available instruments. Potassium (0. 1 peq ) 111 2 5 ml of 1 : 100 serum 

|*Red Cells ■ [ « Plasma »| 

1*- Blood Volume *■! 

B 

Fia. 177. Collection of Blood in a Melting-Point Tube. 

A, Tube, 1.5-2 0 mm. O.D X 100 mm. The end at B is 
sealed and the tube is centnfuged to pack the red cells The 
hematocrit equals mm packed red cells/mm blood. Cuttmg 
the tube at the red cell-plasma mtcrface allows exact 
separation of plasma for microanalyses 

(25 pi.) can similarly be measured, both with an error of 1 to 2 per cent. In- 
creased sensitivity can be achieved by including acetone in the diluent. 

Other Methods. Natelson 307 has described a system for measuring 
hematocrit, plasma Ha, Iv, Cl, protein, urea and glucose on 100 pi. of 
fingertip blood. Blood is drawn by capillarity into a 1.5 X 11 mm. tube 344 
( ca . 0.1 ml., Fig. 177), sealed at one end, and centrifuged at 4,000 r.p.m. 
for 10 minutes The fractions are measured with a rule and the volume of 
packed red cells calculated The tube is cut at the red cell-plasma junc- 
tion and analyzed for the constituents named above. Sobcl 3 * 4 has de- 
scribed a microtitration method for calcium which appears to be more 
reliable than micro flame-photometry methods. Total scrum proteins 
and albumin-globulin measurements may be made by the biuret 1 * 8 colon- 
metric technique except that reaction volumes are reduced to meet the 
need of sample size. For example, 100 pi. of scrum m a final volume of 
10 ml. in the standard biuret procedure can be reduced to 10 pi. in a final 
volume of 1.0 ml. Similar reductions in any desired salting-out procedure 
can be made; however, the usual precautions concerning denaturatiou of 


*** Scholander, Ileinisler. and Ining* J. Dial. Chem . 169, 73 0047). 
•** Singer and Hastings. .l/rJietne, 27. 223 (I94S). 

*** Kim bio 34300. wet with heparin and dried before use. 

»*» Sobcl and Sobcl: J. Biot. Chem , 12 ?, 721 (1039). 

’** Gornall. llardawill, and Da\ id: J . Biol, Chem., 177, 751 (1010). 
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albumin bj excessive shaking in the salt mixture and ether, 
\anation due to differences m salt mixtures, should be observed P* 
electrophoresis* * 7 (see p 464) makes it possible to fractionate protein 
serum obtained from a few drops of fingertip blood 
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Cuanldine Pfdlncr and Mycre J Bwl Chem 87, 31o (1930) 

Indian SharJit J Btol Chem 104, Ho (1934), Townsend J Lah Chn Med 
809 (1937-1938) 
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(Methods for the analysis of blood for bicarbonate content, blood gases, and hydrogen 
i on concentration are gnen in Chapter 24- Methods of analysis for lanous vitamins will 
be found tn Chapter 35, and for penicillin in Chapter S6 ) 
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Respiratory Exchange and Neutrality 
Regulation 


General. The major function of the lungs in respiration is 1° a Je 
the addition of oxygen to the Wood and to remove excess carbe ' j 

from the blood The oxygen is earned to all the tissues, ''here at ^ 


om uu. uiuou mu oajbvu t t. ie f enu 

i the metabolic processes taking place ^itlnn the cclb lbe^ 


products of these metabolic process include H,0, C0 : urea, an ^ 
organic and inorganic acids such as lactic, uric, phosphoric, s ' ara 
the like Tlie production of end products which are bases, * uc “ ^ t0 
monia and the vanous organic amines is relatively unusual or con . 
lower species or to special tissues Of the \anous end P r( *“ IC *7 j^dv 
only 11 iO and urea arc neutral substances and ean be excreted by . 
without bringing into play the \anous mechanisms of neutrality fe 
tion which are the subject of this discussion , lo0 J 

I he COj produced in the tissues is remov cd by diffusion into tn 
where the major portion (approximately 70 per cent) at once un ^ 

by dration to form carbonic acid the remainder combining with tn ^ 

proteins (including hemoglobin) to form carbamates (20 P^/^.goiuC 
remaining in physical solution (10 per cent) The newly formed 
a< id must Is. immediately neutralized or the blood w ould become la ^ 
acid than is compatil le with hfc, this neutralization is mediated 3 , j0 f 
through hemoglobin as described below The other acid end p rt * “ 
metalK>li«m are neutralized as soon as they are formed and cxis 1 
l lood and tissues as salts neutralization being effected through n 


l IUOU uuu U*ua aO = .KUfiauuuu.. V L Ilf Oj 

with such ions as the 111*0* ion largely m the cells and the 


largely in the blood plasma 1 bus carbonic arid is not only an yj 

end product of tissue oxidation but it aho plays a significant ro 
uutnhty regulation The level of the blood bicarbonate, content 
nost satisfactory single index of the ability of the body as a " 1 _twU 


alkd* 

neutralize acid end products of metabolism hence the term 
r< -ervt Hie p« culiar virtue < f the carbonic acid bicarlsonate s> ^ 

rcntnUing the ncutralitv of the body lies in the volatility of € 
dioxide an 1 hence its rt uly elimination by the lungs lhc non' ^ 


aciis tunc jilux j hone etc ) after conversion into their salts can 
jxwil gf 1 >j the kidneys 

Role of Oxygen \ complete understanding of the mcchani<*in ^ 
*rality regulation and CO* transport tn the 1 less! requires know e* 
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the part played by hemoglobin m the transport of oxygen (see Fig 178) 
Oxygen is found m the blood in two forms, (a) in physical solution, and 
(b) in combination with the respiratory pigment hemoglobin to give the 
compound oxyhemoglobin The amount of oxygen m physical solution m 


A I R 



co z 0 2 

TISSUES 

Fin ITS. The Rolf or Oxtgfv in the Traxsi obt or CO* bt the Blood 


the blood is relatively small, most of the oxygen present being m the 
combined form of oxyhemoglobin An equilibrium exists between the free 
oxygen m solution, the hemoglobin which is not combined with oxygen 
(so-called reduced hemoglobin), and oxyhemoglobin, this rcl itmnship cm 
be written as follows 


PltACTICAL PllYSlOLOf ICAli ClliallSlI 


Chap 24 


enters than can be neutralized in this manner the blood becomes ® or 
aeid le its hydrogen ion concentration increases 

To understand the nature of tl is change, it is necessary to consider 
general properties of butter solutions (see also Chapter 1) A buffer sou- 
tion ordinarily contains a weak acid and its salt, or a weak base an 
salt Such solutions arc capable of taking up limited amounts of aci ® 
base with much less change in hydrogen ion concentration than 
result from the same addition of acid or base to water or to sodium t > 
ride solution, neither of which has buffer power A buffer system can a ^ 
therefore as a reservoir of alkali for the neutralization of the acid en 
products of metabolism The efficiency of a buffer system in rcsis ing 
change in reaction is greatest at the half-neutralization point, i c , " ^ 
the molar concentrations of salt and acid are equal Tig 179 represen 
titration curve for a weak acid (carbonic), that is, a curve in which ^ 
per cent of total acid neutralized is plotted against the pH at each step ^ 
the titration The $ shaped curve is characteristic of buffer acids 
alkalies, and demonstrates that when oO per cent of the aud is neutrals 
(ratio of salt to acid = 1), the slope (rate of change of pH) is le^ 

I he relation between the reaction (pH) and the ratio of buffer acid (M ' 
to buffer salt (BA) is derived as follows The equation for the clectrolp* 
dissociation of a weak acid into hydrogen ions and anions is HA?** 
+ A “ 1‘ rom the law of mass action we know that the velocity of tW® 
reversible reaction in either direction is proportional to the concentration 
of the reacting constituents That is, 

Velocity (left to right) = ] ,HA 

Velocity (right to left) = \ 2 (II+ X A") 

in which the symbols also represent concentrations At equilibrium * e 
rate of reaction in each direction is the same the equilibrium being 
namic therefore 


or transposing, 


MIA = /,(H+ x A ) 
. (H + X V ) 


K 


lit 


= K 


K being the dissociation constant of the at ul 1 ransposing again, 

n*.* x ai 

A 

In a solution of a weak acid and its salt only a very small fraction of th* 
anion A , originates from the dissociation of the free acid the rest coming 
from the dissociation of the salt B \ into B+ and A A lost salts in 
concentration found in body fluids are ionized to the extent of 09 
per cent If the degree of dissociation is represented by X, the ton<- ea 
t ration of anions A = XBA and 
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Since X vanes to a relatively slight extent over ranges of concentration 
within such limits as are found in blood constituents, it may be stated as an 
approximation that 


Ki is called the “apparent dissociation constant ” 

By definition pH = — log H + (see p 30) (For example, the hydrogen- 
ion concentration [H + ] at neutrality is 0 000,000,1 normal = 10 -7 There- 
fore the pH = — log 10 -7 = —(—7) = 7 ) Taking the logarithms of 
both sides of the last equation, 

log H+ = log Ki + log 

HA 

and, changing signs, — log H + = — log Ki — log 

Substituting pH for — log H + , and, for an analogous reason, pK x for 
- log JCi, 

pH = pAi + log ~ 


Tins equation is known as the Henderson-Hasselbalch equation and is 
a most fundamental concept in the understanding of acid base equilib- 
rium in the body The value of the constant pAi for various acids is nu- 
merically equal to the pH when the ratio of salt BA to acid HA is unity, 
since the log 1=0 Under this condition, it Roll be recalled, the maximum 
efficiency of the buffer action obtains The following table gives the pA t 
values for the more important buffers m blood 


Buffer System 

phi 

BHbO, HHbOt 

7 1G 

BHb HHb 

7 3 

BHCOj H,CO» 

G 1 

B,IIP0 4 BHjFO, 

G 8 


With the Henderson-Hasselbalch equation m mind, consider wliat 
happens when acid is added to a buffer system The added acid reacts 
with the buffer salt present to produce an equivalent increase in the 
amount of buffer acid, at the expense of the buffer salt, together with the 
salt of the entering acid which plajs little, if an} part in pH change and 
may bo disregirded The decrease in buffer salt concentration ind cor- 
responding increase m buffer acid concentration, however, must neces- 
sarily change the pH of the solution in accordance with the demands of 
the Henderson-Hasselbalch equation If the solution were not buffered, 
the change in pH on the addition of acid would correspond to the actual 
amount of added II+, tn a buffered solution the ill uigo m pH is numcn- 
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11b + O, si 111)0. 

Reduced Ocyfien Oiyhcmoslobln 
hemoglobin 


I rom this it can be been that uhcn the amount of free ° X i S °™hcmotf*” 

1S lowered, as by diffusion into the tissues, the content > , occur s 
u lU decrease and that of reduced hcmoglob.n a. ■" ^ 

uhcn artenal blood is chan K cd into venous blood When heoll 

reaches the lungs, it is distributed m the many cap.llaneu “ ‘“colar »■’ 
exposing a great surface to contact w ith the alv colar a membrane 

is separated from the blood in the pulmonary capillanMy me w 
at most 2 a in thickness, this, in addition to thofaetthat ■hj-tn .^j 
ruth a surface area of some 80 square meters pass through ‘“ e Thc „ XJ gea 
second, accounts for the rapid and efficient uptake of oxyge dcr3b ic 

tension of alveolar air (100 mm Hg) is high enough to cause a c ^ in 
increase in the amount of dissoHcd oxygen in the blood , j^o- 

creascs the amount of oxyhemoglobin at the expense of , 

globin, and when the aerated blood leaves the lu "S s r ^ oxV j ie mCK 
practically all of the hemoglobin is normally m the form 01 y 
globin This relation between oxygen tension and the degree o 
tion of hemoglobin has been discussed in Chapter 22 ro tein* 

Now in addition to their relation to oxygen transport, t f belD g 
oxyhemoglobin and reduced hemoglobin act as typical w eak a > 

present in the blood partly m the unneutralized or free acid 10 Y lo0 d 
HHbOj) and partly as salt 10 ns (Hb - , HbO*) At the pH o tv than 
the reduced hemoglobin ion Hb - has a smaller base-binding ca P, e3 ^ » 
has the oxyhemoglobin ion HbOi - , 1 e , reduced hemoglobin be ^ m 
weaker acid than oxyhemoglobin When HbO^ is converted in coa 
the tissue capillaries by the loss of oxygen from the blood, tend 
comitant release of the extra base by the reduced hemoglobin w boDS c 
to make it slightly more alkaline if it were not for the fact tna 
acid is entenng the blood at the same time It has been shown t ’ cl( ju 
normal circumstances, about 50 per cent of the entenng ca " >or ^ be 
equivalent to this potential increase in alkalinity of the blood, 1 > g tb e 

‘‘neutralized’' without any net pH change in the blood at all ob e a 
carnage of this portion of the entenng carbonic acid does n0 , tura lK f 
change in pH of the blood it is known as the isohydric carnage ca pil 
the exact reverse of the above-desenbed process occurs in the u ^ ^ 
lanes, where reduced hemoglobin is converted by oxygenation ^ t be 
hemoglobin This conversion increases the base-binding capac* 
hemoglobin withdrawing the base from BHCOj to form Hit/ *> , jD to 

then decomposed to CO* and H*0, the COj diffuses out of the 
the alveolar air of the lungs . n 0 f th e 

It may be noted here that in addition to the carnage of a po car boo 
entenng CO* by the isohydne reaction hemoglobin enters 'f\ bcS e 19 to 
dioxide transport m at least tw o other recognized w ays 
act as a typical buffer in the manner desenbed in detail belo bjn iisg 
is due to the faet that hemoglobin as a protein is capable of c ^ 0 iyicg 
directly with carbon dioxide to form a carbamate the reaction 
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H 

HbNH, + C0 2 HbN^ 

\ 

COOH 


H 

/ 

HbX + H+ 

\ 

coo- 


The formation of carbamate m this manner is a general property of pro- 
teins and amino acids and is not specific for hemoglobin, but, since hemo- 



4 5 6 7 Q 

pH 


Fig 170, Titration Cur\e ton the HjCOrBIICO* System. 

From Van Sljko Endoennologu and 1/daWnn, Vol I, Ne* York, 

Appleton, 1024. 

glohin is by far the most abundant protein in blood, a major portion of 
the C0 2 which is carried as carbamate isMue to hemoglobin. 

The existence of such a direct combination of hemoglobin and COj was 
at one time disputed, but the work of Henriqucs, of Rough ton, and of 
Stadie and O’Brien has established the significance of carbamate-bound 
C0 2 in respiratory gas exchange. While the actual amount of carbamate- 
bound C0 2 in the blood is small relative to the amount of bicarbonate 
(see Table on p. CS7), the case of formation and breakdown of this type 
of compound in response to changes iu C0 2 tension is such that from 
-0 to 30 per cent of the extra C0 2 added to the blood in the tissues and 
released in the lungs may be transported in this manner. 

Role of Buffers. As has been indicated, the isoh>dric reaction accounts 
for only part of the COr-canying power of the blood. When more CO s 


(jg4 FhacticaIj Piir&ioLoorcAO Cuevib-mr Chaj> 

rally much smaller, being ec|ual to the change ill the value of the '°f 
of the ratio of buffer salt to buffer acnl It is for this reason that Duok 
solutions behave as they do in resisting gross changes in pH on the 
dition to the solution of acid or alkali, for it can be readily shown ™‘ 
exactly analogous mechanism functions in the case of added alka 
In a solution containing a number of different buffers, as 13 ,. c 

with the blood and tissues, the entering acid or alkali is buffered by au 
buffer systems present, in proportion to thur relative effectiveness a 
given pH Thus in the buffer systems of the blood 


BHCOi BHb 
HjCOa HHb 


BHbO, B 2 HPQ 4 
HHbOj BHjPOi 


H Protein 


the entrance of acid will cause a decrease in concentration of all the u * 
halts (numerators) and an increase in concentration of all the buffer ac 
(denominators), accompanied by an equivalent change in pH as requ 
by the Hcndcrson-IIassclbalch equation , 

It is well to note here that physiological limitations influence cm 1 *’ 1 

ably the relative significance of the various buffers in the blood Thus ^ 

chief buffer for carbonic acid is hemoglobin, since carbonic acid is i° rffl 
from CO, and 11,0 only in the red cells where most of the buffering rea 
lions for carbonic acid take place (see below) On the other hand* 
major buffering action for all acids other than carbonic acid is exerted / 
the plasma bicarbonate, protein, and phosphate buffer systems ^ 

It is significant that the pH of maximum efficiency of these buffed 
Inflow the normal pH for blood, since as the blood pH falls, change of re* 
tion is opposed with an efficiency which increases as the danger P° , t 
approached Wide the ratio BHCO, H,CO, at the pH of blood is a” 0 
20 1 and hence considerably removed from the ratio of maximum e 
cicncy, the chief significance of this system rests in the fact that 
promptly dissociates yielding CO* which is expired, thus the actual c'j'j 
cicncy of the CO, sy’stem in neutrality regulation is greater than 
appear to be the case from a consideration of the buffer theory alone 
Role of the Red Cells. Serum separated from the red corpuscles ( 
aratid scrum”) has only a slight buffer effect and CO*-carrying P 0 "*^. 
compared with scrum in contact with the rells (“true serum") Invcstig* 
tion has shown that this is because practically all of the reactions a^ ^ 
dated with the transport of COi by the blood take plate primarily 
the ral cell i tsilf, the bcrum (or plasma) being involved in a secoimW 
manner only 'I he role of the red cell and of the plasma in the u P ta ,^.) 
GO* by the blood is summarized in the accompanying diagram (h«£ ‘v*, 
.Vs indicated in the diagram, CO* produced inetabohcally in the t JS> . 
diffuses as such into the plasma Here a small amount remains in ph>*‘j l . \ 
Mjlutiou, an<l some possibly reacts also with the plasma proteins* ( 1>r , 
to form carbamate, the extra equivalent of acid thus formed • 
huffervd by the plasma buffers ( V~) m the usual way By far the gr‘*“ 
jwrtimi of the entering CO, (upward of 00 per cent) does not rti»om 
the plasm i, however, but diffuses rapidly through the rial eell 1 
the* r«l eell itself 
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Here it comes under the influence of the enzyme carbonic anhydrasc 
This enzyme is present in abundance in the red cell (and in certain other 
specialized tissues, such as the pancreas and the gastric mucosa,) but is 
absent from the blood plasma Its function is to act as a catalyst m the 
reaction CO2 + H2O *=i H2CO3 By virtue of its presence within the red 
cell, much of the entering C 0 2 is concerted into H 2 C0 3 , which imme- 
diately dissociates to give H + and HCOf 10ns A portion of the entering 
CO2 (about 20 per cent) escapes hydration, however, reacting rapidly 
with the hemoglobin present to form carbamate The net effect of these 
two reactions, therefore, is the production within the cell of an excess of 
H+ and HCOf ions, together with a small amount of carbamate 10ns The 



Fig ISO Processes Involved h, the Up- 
take of Carbon Dioxide by Blood 


amounts of these 10ns thus produced are such as to greatly alter the nor- 
mal pH and osmotic equilibrium of the cell if they were not removed in 
some manner 

The H + 10ns are rcmo\ cd in two ways, by the isohydne reaction and by 
buffer action It has already been pointed out that oxyhemoglobin (HbO } ) 
is a stronger and than reduced hemoglobin (Hb) at the pH of the blood 
Tins means in effect that hemoglobin which has lost its oxygen has a 
lesser base-binding capacity at a given pH than has oxyhemoglobin Ihus 
the liberation of oxygen from the blood to the tissues creates a situation 
which brings about the release of base from the hemoglobin without 
involving any pH change at all This process, uiuhr the conditions pre- 
vailing m normal blood, accounts for the disposal of over 50 per cent of 
the extra IL + ions produced within the rid till from the entering CO- 
The remaining H+ 10ns react with the various buffer salt ions present m 
the cell to form an equivalent amount of un-iomzed buffer acids Since 
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this typical buITcr rciction imoHea a change in the ratio '’"Jfcdb! 

to buffer acul, the pH of the <c!l conUiits util change .w (Icma alcu 

the Hendcraon-Has-clbalch equation, and it is «“•*»£* " C (hc ct lli 
the slidit change in pll which follows tlie uptake of CO i 

The fate of the extra HCO r tons must non be consider ed If thc> ^ 
■named within the cell, the increased osmotic Pfosanre would ^ 
ceU to take up water and swell to a size far bey oncl phjs g J 

It has been found by chemical analysis of cells . ^ ,c- 

the extra HCOr ions diffuse out of the cell into the pUsma, be 8^ 
placed by an cquix alent amount of Cl" ions which diffuse from Urn p 
into the cell This process is called the Monde lh/, and Ut as be™^ [( 
mated that as much as SO per cent or more of the on froo 

venous plasma (as compared to arterial plasma) is due to 

th The chloride shift has been attributed by Van Slyke to a 
of a Donnan etiuihbnum (see p 12) across the red cell mcmb nM 

be shown that, in the case of tlie red cell, it is a consequence of t c V ^ 
theory that at osmotic equilibrium the ratio of hicarhonale-mi n 

trations m cell and plasma is proportional to the ratio of ell 0 
concentrations in cell and plasma, i e , 


(HCOr)cK, 


[Cl-lrrff, 


lIICO,l P f a .» a 


[Cl ]pf«« 


An increase of bicarbonate-ion concentration within the cell distu ^ 
equilibrium and it is partiallj restored by migration of bicarbona ^ 
from the cell to the plasma accompanied by an cqun alent migra 
chloride ions from the plasma to the cell 1 At tlie same time, a c ^ 
amount of water diffuses from the plasma into the red cell, and 
counts for the slight increase m size of the cells of venous blood 


pared to artenal blood t jie 

The phenomena that have just been described take place du & ^ 
uptake of COj by the blood in the tissue capillaries to form venous 
When the venous blood reaches the lungs the entrance of oxygen ^ 
all of these processes Bicarbonate in the cell is converted into ca ^ 
acid which is dehydrated to C0 2 and diffuses out of the cells in ^ c ^ r 
plasma, from whence it passes into the alveolar air of the lungs 
bonate ions migrate from the plasma to the cell and undergo tn _ e 
reactions, chloride ions returning from the cell to the plasma at t ^ 
time The various other reactions are likewise reversed in an an g^t 
manner Thus the red cell is earned through the entire mechanic . {e 
in one direction and then in the other direction as it makes a. co y 


circuit of the body iQ 

The quantitative nature of the changes that normally take place 


* The hemoglobin ions likewise enter into tins equilibrium For a detailed pete** 

the Dounan equilibrium as it is applied to the cl londe shift the reader is referre 
and Van Slyke Quanlilatite Clinical Chemistry VoL I see also Hitchcock P h u lic 
try for Sludenlt of Biology and Vfedtctne 3d ed 
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blood m its transition from the arterial to the venous state is illustrated 
by the data of the following table, adapted from Stadie and O’Brien 2 



Study of this table shows the following 

1 In its passage through the tissues of the body, the arterial blood of 
the subject being studied has picked up about 3 8 ml of CO 2 per 100 ml of 
whole blood This is an increase of about 8 per cent in the total CO 2 con- 
tent of the blood With the It Q assumed to be 0 85, a normal value, this 
corresponds to the liberation of about 4 5 ml of 0 2 from the blood at the 
same time, which is responsible for the change in oxygen saturation from 
96 per cent to 74 per cent 

2 The increased CO 2 content of venous blood is accompanied by a rise 
in C0 2 tension of about 5 mm of Hg, and a fall m pH of about 0 01 to 
0 02 pH units 

3 Of the total C0 2 of blood, almost 90 per cent is in the form of bicar- 
bonate, of which about three-fourths is found in the plasma and one- 
fourth m the cells The remaining 10 per cent of the total C0 2 is about 
equally distributed betw cen the forms of free C0 2 and carbamate Plasma 
contains about twice as much free CO s and about half as much carbamate- 
bound C0 2 as is found m the cells 

4 Of the 3 8 \ olumes per cent of CO* added to the blood in the change 
from urtem.1 to \cnous blood, which arc ultimately released m the lungs, 
about three-fourths appears as extra bicarbonate, about one-fifth as 
carbamate, and the remainder as an increase in the free COi content The 
extra free CO 2 and extra bicarbonate ire both distributed between cells 
uul plasma in about tin, same proportion as that llrcady present, almost 
nil of the extra carbamate is found m the eells 


*J liivt Chem 117 433 (1917) 
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increased the lijdnon contcntmtioii of the Mood or loacml^U al^» 
rcbcrce bclou the extreme norma! limits The conditionf ! cnU i!v 

the different areas h.iv e been ob cn cd both clniicallj jnJ c J?. J l0 fro 
Disturbances of the Add-base Balance. 1 hectare d mdM ^ ^ 
clinical t> pes bj I’cters and \ an Sljke.t.r. ( 1 ) Wjfafr other 


ciinicai pea uj i cu-io dim ***** — - „ r1l uotn» 

the pnmarj disturbance is m the relation between alkali and a ° rbance 
.. 1 tt , J /«% * — ♦, *act c. „! w hich tlie pnmarj disturb 


than HjCOj, and (2) respiratory tjpes, in nbicli Uie primary ffi0 -e 

involves the CO, content of the blood In the table on p 691 ^ 


invokes the CU, content oi me nioou m ^ Lj.inlancci.'* 

important conditions associated \uth disturbance of acid ) hamJ ju 

«hown, together with their causes and the phj biological 


brought into plaj for their compensation f „ b v 

Krrosis Ketosis is the condition m which abnormal amoum* ^ 
droxybutync acid, acetoacctic acid and acetone accumulate m £ 

fluids and may be readily detected m the unne These three c 
arc commonly known as the acclone bodies Of the three acc o , uc ^_ 
0-h j droxj butj nc acid and acetoacctic acid arc primary P 
acetone being derived from the decarboxylation of acetoacctic acl . 
appear to have their ongin pnncipallv from the metabolism o , tlE g 
acids of fats, and to a lesser degree from certain ammo acids ^ 
from protein cleavage This is discussed in detail in Chapter da ^ 

apparently formed in the liver, and then further oxidized in ouD i 

tissues of the body where they are capable of furnishing a large ^ 

of energj In diabetes melhtus, the body cither docs not possess ^ 
mal power of oxidizing these substances or else thej arc prod jn 
excessive amounts At any rate, we find them in the blood and U tca cd 
abnormal quantity Likewise, in the absence of dictarj carbohjdra ^ 
in other conditions of faulty carbohjdrate metabolism, thej arc ^ 

creased in amount in both blood and unne Ixeto is as it appears ^ 

human organism is not entirely the same as in other species, sucu 
rat, dog rabbit, goat, pig, and cow Itats are \ cry resistant to the dev 
ment of ketosis 


The significance of ketosis in connection with acid-base balance . 
the fact that acctoacetic acid and 0-h> droxybutj nc acid exist in the ^ 
and unne largely in the form of their alkali salts Their production^ 
therefore required an equivalent amount of body base for neutral**® 
Excessiv e amounts produce a se\ ere demand on available base, and 
they are excreted in the unne most of this base is lost to the 
The acidosis of diabetes mellitus may be largely due to ketosis 
occurs in many conditions, however without a concomitant ketosto ^ 
The presence of acetone bodies in the unne m appreciable quantitv 
ongmallj taken as an index of acidosis the sev enty of which was J u 
by the estimation of the amount of these substances present in tae . l \^of 
That this is not a reliable index is shown by the occasional ob s crva j* ^ 
a pronounced acidosis with no appreciable increase in unnarj ** 
bodies A high urinary ammonia coefficient (ammonia N total / ^ 
once looked upon as an indication of acidosis Howev er, this factor is 
specific in diagnosis in spite of the fact that the majority of such 
show a high urinary ammonia \ alue because certain dietetic change ^ 
produce high unnary ammonia Fatal acidosis has been o bsCn S ur 

uremia and in mitniinnal _r r__A._ 1L „„ urnnnUBC 60 

A 


i nutntional disorders of infants w ith no pronounce* 
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crease in the ammonia coefficient In this connection, it is possible that m 
renal disability the ammonia forming function of the kidneys is impaired 
Conditions of disturbed acid-base balance are best diagnosed and their 
course followed not by the determination of acetone bodies or ammonia 
m either unne or blood, but by the determination of certain other factors 
which are more or less typical of acidosis, such as the quantitative estima- 
tion of the alkali reserv e of the blood and of its pH 

METHODS 

1 Simple Demonstration of the Presence of Carbon Dioxide tn Expired Air 
Into each of two small flasks or large test tubes introduce 25 ml of a clear 
saturated solution of barium hydroxide After an ordinary inspiration, ex- 
pire through a bent glass tube or pipet dipped beneath the surface of the 
solution in the first flask Repeat the experiment with the second flask, but 
hold the breath as long as possible after the inspiration before breathing 
out through the tube Note the relative amounts of precipitate of barium 
carbonate formed To another flask add 30 ml of water, 1 or 2 drops of barium 
hydroxide solution, and a few drops of 0 04 per cent phenol red Expire into 
this solution until a change takes place What does this change indicate? 

2 Alkali Reserve Direct Method 

(a) Carbon Dioxide Capacity op the Plasma (Van Slyke and Cullen) Princi 
ple The plasma from oxalated blood is shaken in a separatory funnel filled with an 
air mixture whose carbon dioxide tension approximates that of normal arterial blood, 
by which treatment it combines with as much carbon dioxide as it is able to hold 
under normal tension \ known quantity of the saturated plasma is then acidified 
w ithin a suitable pipet and its carbon dioxide is liberated by the production of a partial 
x acuum The liberated carbon dioxide is then placed under atmospheric pressure, its 
volume carefully measured, and the volume corresponding to 100 ml of plasma 
calculated 

dpparatus The apparatus used in the estimation of the carbon dioxide content of 
the plasma is illustrated m Figs 182 and 183 It is made of strong glass m order to 
stand the weight of mercury without danger of breaking and is heid in a strong screw' 
clamp the jaws of which are lined with thick pads of rubber In order to prevent 
accidental slipping of the apparatus from the clamp an iron rod of G or 8 mm diameter 
should be so arranged as to project under cock /between c and d 

Three hooks or rings at the lev els, 1, 2, and 3 sen c to hold the lev cling bulb at 
different stages of the anal) sis The bulb is connected w ith the bottom of the apparatus 
by a heav y w ailed rubber tube 

It is necessary, of course, that both stopcocks should be properly greased and 
airtight, and it is also essential that they (especially f) shall be held m place so tint 
they cannot be forced out by pressure of the mercury Rubber bands may be used for 
this purpose but elastic cords of fine wire spirals applied in the same manner as rubber 
bands, are stronger and more durable Later models of this apparatus are equipped to 
overcome this difficulty 

Vfter a determination has been finished the leveling bulb is lowered without 
opening the upper cock and most of tl c mercury is w ithdrawn from the pi[>ct through 
c The w ater solution from d is readmitted and the lev cling bulb being rused to position 
1, the water solution together with a little mercury, is foned out of the apparatus 
through « * 



G88 


Practical Physiological CiiLuisTitr 


Chap 21 


5 Most of the extra bicarbonate of x cnous blood « found in ‘ l ’“£o 
Non >t has been shoun that the p ixx.iro of blood throurfi the cap 
a far too rapid to permit anj appreciable hjdratioll “ f ‘ j‘ ur 
necessary preliminary to the formation of bicarbonate) »lt! out in 
v cntion of carbonic anb> drasc, and this cn?> me is found on y ^ 

\t follows, therefore, that m<ht of the extra bicarbonate of \tnous ‘ lhe 

must have come from the cells Ibis is accomplished by vir 
“chloride shift’' mechanism, an equivalent amount of cnlori 
the plasma and entering the cells nlnod. t 

Relative Importance of the Various COj-Carriers of th 
COrcarner of the blood has been broadly defined by > an ^ 

substance present in the blood which increases the amount o * 
may be taken up by artenal blood without a change in pH «>cyo ^ 
normal difference between venous and artenal blood I rom this . , JC 
it is clear that the major COz-carncrs of the blood include ^ 

bicarbonate, the plasma proteins, and phosphates It is also c c 
by far tlic most important COz-carncr of normal blood is licniog 
since 80 per cent or more of the COz carnage by the blood is me ^ 
directly or indirectly through the presence of hemoglobin rhus t ‘ ^ 

pound plays as important a part in neutrality regulation and the 
port of COj as it plays in its more obvious function in Oz traiispo ^ 
Role of the Lungs. Due to the ease of elimination of COz rt j*\ ^ 
tion, the regulation of the neutrality of the blood is largely c or dxm 
the IljCOz BIICOj system From 20 to 40 liters of \/I acid as COj > . 

each day by way of the lungs By means of variation m the rate anu F ^ 
of respiration and the rate of blood flow through the lungs, opportun ) 
afforded for very delicate adjustment of the by drogen-ion conccntra 
The nerv ous control of the respiratory mechanism resides in the rca P oB , 
tory center in the medulla Increases in COz tension or hydrogen-* 0 ^ ^ 


ccntration call forth corresponding responses in the ventilation 0 ^ ^ 
lungs, and since changes in cither factor take place concurrently , 
difficult to distinguish the effects of one from the other It is probable^ ^ 

yr C0& e 


lungs, and since changes i 

difficult to distinguish the enccta oi one lrom tnc otner it i» ^ to 

an increase in hydrogen ions in the respiratory center itself, secondary 
that of the blood, may be the activating factor Such increases may c 
about through diffusion of COz or H + from the blood or by acid produc 
within the center lhe latter may explain the greater respiratory resp 
which results from an insufficient oxygen supply to the center t j, c 

The rate of elimination of waste products through the lungs and 
kidneys is partly controlled by the rate of blood flow through those ®rg^ 
The diminished blood pressure follow mg excessive pulmonary v enti 
has been shown to be due to the loss of COz rather than to the rewj^j 
rise in pH per se There is, however, no constant relation between 
pressure and COz tension among different individuals . i.qq 

Role of the Kidneys. The role of the kidneys in neutrality regm a 
is concerned chiefly with the conservation of “fixed base" ( s ^ ]lSl o 
potassium) to the organism If a strong acid produced by metabo. 
within the tissues is neutralized by reaction with bicarbonate or ^ 
phosphate to produce a salt, the base component of the salt thus ^ 
(e g . the Na of NaCl) is no longer a direct part of the alkali rest 
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of the body, and if present in excess will be excreted in the urine. If, 
however, the alkali reserve is low so that the organism needs to conserve 
fixed base, as when acid production exceeds the supply of available base, 
the kidney has the ability to excrete an acid urine (down to a pH as low 
as 4.8) as one means of conserving base. According to Pitts, this is prob- 
ably accomplished by the reabsorption of base ions from the glomerular 
ultrafiltrate and their replacement by hydrogen ions secreted into the 
tubular lumen. In effect, the following reaction occurs: 

Na 2 HP0 4 + H+ -4 NaH 2 P0 4 + Na+ 

(from (from (to (to 

blood) kidney) urine) blood) 

The increase in the relative amount of acid phosphate to basic phosphate 
in the urine accounts for the more acid pH of the urine. If the urme is 
titrated with alkali back to the pH of the blood (see "Tit ratable Acidity 
of Urine” in Chapter 31), a measure of the extent to which the above 
reaction has contributed to base conservation wall be obtained. 

A second and equally important mechanism whereby the kidneys con- 
serve fixed base is by the synthesis of ammonia, probably from glutamine 
and amino acids.* The ammonia is excreted in preference to fixed base, 
as follows: 

2£aCl + NH<+ -4NH,CJ -h Na+ 

(from (from (to (to 

blood) kidney) urine) blood) 

The extent of ammonia excretion is related to the need for base con- 
servation, ordinarily being low or zero in alkalosis and high in acidosis. 
Thus by determining both the ammonia excretion and the titratable 
acidity of the urine, the extent of acid excretion by the body may be 
evaluated, and hence knowledge be gained concerning the state of acid- 
base balance. 

It sometimes happens that there is an excess of base requiring excretion, 
as on diets high in alkaline ash or alter administration of bicarbonate. In 
this event, extra base and bicarbonate will be found in the urine and the 
pH may rise to as high as 8 0. 

The pH and H 2 C0 3 : BHCO, Ratio. Inasmuch as the chief factor in the 
regulation of blood reaction is the H 2 C0 3 :BHC0 3 system, the relationship 
of variations in the latter to pH should yield valuable information con- 
cerning changes in the acid-base balance of the body. Applying the equa- 
tion for the dissociation of a weak acid (see p. 682) to this case, the so- 
called Hcnderson-Uasselbalch equation is obtained. 


pH = pA'x + log 


BHCO, 

H 2 CO, 


Ihe value of the constant p/Ci for blood plasma is G.10. By measuring any 
two of the remaining variables, the third is of course determined. If we 


*Vun Sljke. 1‘hilhpa, Hamilton, Archibald. Fulcher, and Ililler. J. DuA Chon , 150. 
*S1 (IQ t3). 
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plot changes m bicarbonate concentration IBIICOJ as orl j‘ 1 ^ t “^ E j 1 «! 
carbonic acid [II, CO,] as abscissas, a straight line ruU^ultfOTTOP 
ratio of the two, and hence for any given pH ™^°P° ? m.CO,' 

increase or decrease mill corresponding changes in the [UHO >1 ^ 

ratio The maximal as well as the norma ranges of * cs ® f “ c ‘ d tolM 
picted in Fig 181, constructed by Van Slyke Since itw J“® ^ „ 
the customary form of CO, , absorption i “"£*>*?- „„ , or( li„ates 
pressed in terms of total GOi values, [BllGOi + HjCO.l, set ol 

and CO, tensions as abscissas It mil be noted that nine M®» » ‘ The 

by the three levels (high, normal, or lou) of each of the to o v 
rune areas represent conditions of acid or alkali excess or dc ic , 



either compensated (pH normal) or uncompensated (pH abov e or 
normal) That is, a condition of alkali deficit (low alkali reserve) ^ 
either compensated by a corresponding diminution in carbonic 
that the [BHCO*] [H 5 C0 2 ] ratio remains normal (about 20 1)> ® r 1 ^ 
be uncompensated by the failure to remove sufficient COz in " h j ts Jt 
the pH falls and the condition of uncompensated alkali deficit resu ^ 
is therefore obvious that acidosis cannot be regarded as merely a ® ^ 
mg of the pH, since the acidosis may accompany a deficit of ^ 
marked as to result m a more alkaline reaction of the blood “ orC 
an abnormally acid reaction may occur even with an increase of a 
reserve provided CO* is present to excess In order therefore to Sjj 
bine the effects of both alkali reserve and reaction Van Slyke has J(jr , 
defined acidosis as a condition caused ‘ by the formation or absorp 
of acids at a rate exceeding that of their elimination (whit I . ef 
ma> lie considered to have caused an abnormal state when it has 
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Disturbances of Acid-base Equilbrium of Blood 


(Fig ?81> 

Acul-base Balance 

Condition* 

Associated 

Symptoms 

Compensatory 

Mechanisms 

1 

Uncompen- 

Alkah 

[BHCOi] increased 
without propor- 
tionate nse in [H»- 
CO,], therefore pH 
increased 

Overdosage of Na- 
HCOi Excessive 
vomiting (p y lone ob- 
struction) or gastnc 
lavage (loss of HC1). 
X-ray or radium 
treatment 

If marked, tetany 

Diminished respira 
tion (nse in alveo- 
lar CO,) to hold 
back CO* 

Diuresis and in- 
creased NaHCOt 
excretion 

2-3 

Uncompen- 

CO, 

Deficit 

[H COi] decreased 
without jiropor 
tionate fall in 
IBHCO.l, there- 
fore pH increased 

Hyperpnea, volun- 
tary or induced (oxy 
gen want, eg, at 
high altitudes) 

Fever 

Hot baths 

If marked, tetany 

Retention of and 
metabolites (low 
NHi and titratable 
acidity of unne) 
Excretion of Na 
HCO, 

4 

Compensated 

Alkali 

CO, 

Excess 

IBUCOi] (or IHr- 
COt]) increased 
but balanced by 
proportionate nse 
in |H,COi] (or 
[BHCO.l); there- 
fore pH normal 

Altai t excett 

NaHCO, therapy, 
with slow absorption 
COt excett 

Retarded gas ex 
change (eg, em 
physema) with CO, 
tension chronically 
increased 

Cyanosis due to 
deficient oxy gen 
exchange 

CO i retention 

BHCO, retention 


[BHCOiJ and [Hr- 

COi] normal at 

ordinary altitudes 




6 

Compensated 

Alkali 

or 

CO, 

Deficit 

IBHCOil (or IH»- 
CO»]) decreased 
but balanced by 
proportionate fall 
in |H,C0.1 (or 
[BHCO.l) . there- 
fore pH normal 

Allah deficit 
Accelerated produc 
tion (e g , diabetes) 
or retarded elimina- 
tion (e.g , nephritis) 
of nonvolatile acids 
Experimental acid in 
toxica tion 

Diarrheal acidosis of 
infancy (marasmus) 
COt deficit 
Overventilation at 
high altitudes foxy 
gen want) 

Hyperpnea 

Increased respira- 
tion ( blowing off 
COt ) 

Accelerated NH, 
formation and acid 
excretion 

Same as in Areas 2 
and 3 

7-8 

Uncompcn- 1 
sated 

CO, 

Excess 

[HiCOil increased 
without propor 
tionate rise in 
IBHCOi], there- 
fore pH decreased 

Retarded respiration 
as in pneumonia 
(physical obstruc- 
tion) or morphine 
narcosis (deadening 
of respiratory center) 
Experimental re- 
treading 

Cardiac decompensa- 

Dyspnea 

Increased respira- 
tion Accelerated 
NHi formation and 
acid excretion 
Probable shift of 
acid from blood to 

0 

Unco tn pen- 
sated 
Alkali 
Deficit 

(BHCO.l decreased 
without propor- 
tionate fall in [Hr 
COil. therefore 
pll decreased 

Terminal stages of ne- 
phritic acidosis, and 
diabetic acidosis 

(comiieasated 1»> in- 
sulin therapy) 

Deep ether anesthesia 
Certain cardiac cases 
! rlamiaia 

D> spne* 

Increased respira 

acid excretion and 
NH, formation 
(except probably 
in nephritis) 
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increased the hydnon concentration of the blood or mt o 

reserve below the extreme normal limits The conditions nta jlj 

the diiTerent areas hav e been observed both clinically andexpe 
Disturbances of the Acid-base Balance. These are divided in 
clinical types by Peters and Van Slyhc, viz , (1) metabolic typ > . g 

the primary disturbance is m the relation between alkali and 
than IliCOj, and (2) respiratory types, in which the P nmaI ^ “ mcre 
involves the CO, content of the blood In the table on p 6J1 tn 
important conditions associated with disturbance of acid-base , ^ 

shown, together with their causes and the physiological m 


brought into play for their compensation . o jj» 

Ketosis Ketosis is the condition in which abnormal amoun , 


Ketosis Ketosis is the condition in w men aDnormai diuuu. t u e bodr 
droxybutync acid, acctoacetic acid, and acetone accumulate in ^ 
fluids and may be readily detected in the urine These three co P . ^ 
are commonly known as the acetone bodies Of the three acetone ^ 
0 hydroxybutync acid and acctoacetic acid arc primary P^ 
acetone being denved from the decarboxylation of acctoacetic aci ^ 
appear to have their origin principally from the metabolism of , un g 
acids of fats, and to a lesser degree from certain amino acids r ^ 
from protein cleavage This is discussed in detail in Chapter 33 
apparently formed in the liver, and then further oxidized in tbe 
tissues of the body where they are capable of furnishing a large a ^ 


of energy In diabetes mellitus, the body either does not possess 


mal power of oxidizing these substances or else they are produc ^ 
excessive amounts At any rate, we find them in the blood and u ” ^ 
abnormal quantity Likewise, m the absence of dietary carbohydra ^ 
in other conditions of faulty carbohydrate metabolism, they are a ^ 
creased in amount in both blood and unne Ketosis as it appears in ^ 
human organism is not entirely the same as in other species, such a* 
rat, dog rabbit, goat, pig, and cow Rats are very resistant to the d e ' e 
ment of ketosis ^ 

The significance of ketosis in connection with acid base balance 
the fact that acctoacetic acid and ^-hydroxybutync acid exist in the o 
and unne largely in the form of their alkali salts Their production 
therefore required, an equivalent amount of body base for neutrahza 
Excessive amounts produce a severe demand on available base, and w 
they are excreted in the unne most of this base is lost to the 
The acidosis of diabetes mellitus may be largely due to ketosis Ad 
occurs m many conditions however without a concomitant ketosis ^ 
The presence of acetone bodies in the unne in appreciable quantity 
onginally taken as an index of acidosis the seventy of which was 
by the estimation of the amount of these substances present in the u t 
That this is not a reliable index is shown by the occasional obscrvatU> ^ 
a pronounced acidosis with no appreciable increase in unnarj a 
bodies A high unnary ammonia coefficient (ammonia Is total v t 
once looked upon as an indication of aeidosis How ever, this factor^ 
specific in diagnosis in spite of the fact that the majonty of *> uc 
show a high unnary ammonia value because certain dietetic change J{J 
produce high unnary ammonia Fatal acidosis has been observe ^ 
uremia and in nutntional disorders of infants with no pronoun 1 
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crease m the ammonia coefficient In this connection, it is possible that m 
renal disability the ammonia-forming function of the kidneys is impaired 
Conditions of disturbed acid-base balance are best diagnosed and their 
course follow ed not by the determination of .acetone bodies or ammonia 
m either unne or blood, but by the determination of certain other factors 
which are more or less typical of acidosis, such as the quantitative estima- 
tion of the alkali reserve of the blood and of its pH 

METHODS 

1. Sttnple Demonstration of the Presence of Carbon Dioxide m Expired Air. 
into each of two small flasks or large test tubes Introduce 25 ml. of a clear 
saturated solution of barium hydroxide After an ordinary inspiration, ex- 
pire through a bent glass tube or pipet dipped beneath the surface of the 
solution In the first flask. Repeat the experiment with the second flask, but 
hold the breath as long as possible after the inspiration before breathing 
out through the tube Note the relative amounts of precipitate of barium 
carbonate formed To another flask add 30 ml of water, 1 or 2 drops of barium 
hydroxide solution, and a few drops of 0 04 per cent phenol red Expire into 
this solution until a change takes place What does this change indicate? 

2. Alkali Reserve Direct Method 

(a) Cvrbon Dioxide Capacity of the Plasaia (Van Slyke and Cullen) Princi- 
ple The plasma from oxa/uteti blood is shaken m a separatory funnel fitted with an 
air mixture whose carbon dioxide tension approximates that of normal arterial blood, 
by which treatment it combines with as much carbon dioxide as it 13 able to hold 
under normal tension A known quantity of the saturated plasma is then acidified 
within a suitable pipet, and its carbon dioxide is liberated by the production of a partial 
vacuum The liberated carbon dioxide is then placed under atmospheric pressure, its 
volume carefully measured, and the volume corresponding to 100 ml of plasma 

calculated 

Apparatus The apparatus used m the estimation of the carbon dioxide content of 
the plasma is illustrated in Figs 182 and 183 It is made of strong glass ui order to 
stand the weight of mercury without danger of breaking, and is held in a strong screw 
clamp the jaws of which are lined with thick pads of rubber In order to prevent 
accidental slipping of the apparatus from the clamp, an iron rod of 6 or 8 mm diameter 
should be so arranged as to project under cock / betw een c and d 

Three hooks or rings at the levels, 1, 2, and 3 serve to hold the leveling bulb at 
different stages of the anal} sis The bulb is connected w ith the bottom of the apparatus 
hy a heavy walled rubber tube 

It is necessary, of course, that both stopcocks should be properly greased and 
airtight, and it is also essential that they (especially f) shall be held in place so that 
they cannot be forced out by presoure of the mercury Rubber bands may be used for 
this purpose but clastic cords of fine wire spirals, applied in the same manner as rubber 
bands, arc stronger and more durable Later models of this apparatus arc equipped to 
overcome this difficulty 

After a determination has been finished, tho leveling bulb is lowered without 
opening the upper cock, and most of the mercury is withdraw n from the pipet through 
c. Tiie w ater solution from d is readmitted and the lev chug bulb being raised to position 
1» the water solution, together with a little mercury* I s forced out of the apparatus 
through a * 

* It is well to hnvo a funnel draitin g into a 8)>c<ial vp*m 1 to catch the water residues 
and mercury overflow from a V const terahle amount of n eriury ih t> us regained if many 
analj^-j are run It requires only straining through cloth or cluun is ikm to prepare it f r 
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Procedure. Drawing the blood. 5 About 6 or 7 
ml. of venous blood are aspirated into a centri- 
fuge tube (see Fig. 183) containing a little 
powdered potassium oxalate and some paraffin 
oil. The tube is subjected to a minimum of 
agitation after the blood is in it. The slight 
amount of agitation necessary to assure mixture 
with the oxalate is accomplished by stirring 
with the inlet] tube, rather than by inverting 
or shaking. The tube and contents are then 
centrifuged. 

Saturation of Plasma uith Carbon Dioxide. 

After centrifuging, about 3 ml. of the plasma* 
are transferred to a 300-mi. separatory funnel, 
arranged as in Fig. 184, and the air within the 
funnel is displaced by either alveolar air from 
the lungs of the operator or a 5.5 per cent carbon 
dioxide-air mixture from a tank. This latter pro- 
cedure is preferred, since error due to incomplete 
filling of the separatory funnel with air contain- 
ing carbon dioxide at the proper tension is less 
likely to occur. The gas must be passed through 
a wash bottle containing water before entering 
the funnel. 

When alveolar air is used, the operator, with- 
out inspiring more deeply than normal, expires 

as quickly and as completely as possible through the glass beads and sepa- 
ratory funnel. The stopper of the funnel should be inserted just before the 
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Fig 

Tube 


183 Aspirating 
Used to Collect 
Blood 



Fin 181 Separatory Funnel Used in Satur vrrsa Blood Plasuv 
with Cvrbon Dioxide. 

Courtesy. J . Biol Cktm . 30. -S9 (IU17) 

expiration is finished, so that there is no opportunity for air to be drawn 
back into the funnel. In order to saturate the plasma the separatory funnel 


% For at least an hour before the blood is drawn the subject should avoid v igorous muscu- 
lar exertion as this presumably because of the lactic acid formed, lowers the bicarbonate 
of the blood. 

* If it is desired to keep the plasma for the estimation of carbon dioxide at n later time, 
it should be transferred to a paraffined tube, covered with a layer of paraffin oil, stoppered, 
and kept cold, under which conditions it is claimed that, if sterile n may be kept for over 
a week without alteration of its carbon dioxide capacity. 
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a thin 


i. turned end over end tor 2 minute., the pla.mu be mu d "“* U “t^ 0U iMt. 
In>«r a. completely over the surface of the funnel. „ 

After saturation is completed, the funnel is placed u P"£* a “ waU# and 
stand for a few minutes until the fluid has drained fro 
fathered in the contracted space at the bottom of the funnel. 

Determination of Carbon Dioxide. The cup should be washed out 
water and 1 ml. of distilled water run in, and together with th by 

paratus should be filled with mercury to the top of the tapiwv ^ (or 
nlacing the leveling bulb of mercury in position 1. A sample 


rely 


placing me leveling ouiu ut u.o.ow.., ... accural 

0.5 ml. in case the amount of plasma available is very _®“ a ';; nted itl Fif- 


placing the leveling 

0.5 ml. in case the amount oi piasma *»*.— «.v »- *—■' ■ diu 

pipeted, is allowed to run into the cup b in the apparatus represe ^ jf Jf 
182, the tip of the pipet remaining below the surface of the w 
added. Add 1 drop of caprylic alcohol. 7 „ sbo*® 

' With the mercury bulb at position 2 and the cock /in the po t b« 


With tne mercury ouiu ai pusiuuu * .»**»> ..... - , fro m t 

in the illustration, the plasma, water, and alcohol are admitt ^ ^ g|| 
cup into the 50-ml. chamber, leaving just enough above the co ^ 

the capillary so that no air is introduced when the next solution 0 f th« 
In the case of whole blood, some corpuscles settle to the botl “ be i ai t 
cup. These are suspended in the water by stirring them up wit ^ 
0.5 ml. of water after the first 0.5 ml. has passed into the chamber. 


0.5 ml. of 5 per cent sulfuric acid is run in.* Jd ,b»> 1 

It is not necessary that exactly I ml. of wash water and 0.5 mi. o efte a& 
be taken, but the total volume of the water solution introduced mus ^ ^ 
exactly to the 2.5-ml. mark on the apparatus, if the table on p. ‘ 


used. n c ml. 14 

If the amount of plasma available is small, a little more than v. 0 j 
saturated in a 50-ml. funnel, and exactly 0.5 ml. used for the estima 
carbon dioxide. In this case, the volume of distilled water and aci ^ 0 f 
wash the plasma into the apparatus is halved, so that the total 0 b- 

water solution introduced is only 1.25 ml., and In the calculation 
served volume of gas is multiplied by 2. .. oB eJ 

After the acid has been added, a drop of mercury is placed In b an * 0 ppe f 
to run down the capillary as far as the cock In order to seal the latter. ^pil' 

wire may be used to expel a bubble of air which may be trapped in t 
lary. Whatever excess of sulfuric acid remains in the cup is washed ou 


little water, using a medicine dropper. cU r? 

The mercury bulb Is now lowered and hung at position 3, and * be ^ rr jcrl' 


in the pipet is allowed to run down to the 50-ml. mark, producing ® . -,j 

t the water) 


llan vacuum in the apparatus. When the mercury (not tne wui**/ — ff - 

has fallen to the 50-ml. mark, the lower cock is closed and the pip* * jp,!. 
moved from the clamp, equilibrium of the carbon dioxide between the 
of water solution and the 47.5 ml. of free space In the apparatus i» ° .j* 

cither by mechanical shaking for 1 minute, or by turning the plP et j, 

ng the contents. The p 


down 15 or more times, thus thoroughly agitating t 

then replaced In the clamp. ^ 

After extraction of the gas the lower cock Is opened, admitting the t”** j(0 „ 
into the extraction chamber rapidly until the meniscus of the water so 


kr»j» the amount of rspoiic sirahol srnsll *■ 1 


’ it U deursUe 

ilWwaUj inirrmee rreuiU With [4**rn* 0 02 ml . . 

iufkaviiei mo. I (bninufMl> from s Iwrrt rn*>ie b) luviu] s rspillsr 

pvlu*lrl ui DOI-rnl iblMUM 

• With «U!« U«d La plsce of wlfuiir srvl iu* isctir irui moi* 
of scol srsvtty t 2Ut to 10 voluaire wjtb wster 


by dduUS* t 
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reaches the contracted upper portion of the chamber At this moment the 
lower cock is partially closed and the remainder of the mercury is admitted 
at a rate sufficiently retarded to prevent oscillation of the water column in 
the calibrated portion of the apparatus when pressure equilibrium is reached 
The pressure is then adjusted by placing the mercury surface in the leveling 
bulb above the mercury meniscus in the chamber by a height equal to one- 
thirteenth that of the water column, m order to balance the latter After 
some practice controlled by a centimeter rule, one can estimate this level 
with the eye to within 2 mm of mercury, which is sufficiently accurate for 
most purposes When the pressure has been adjusted, the lower cock of the 
apparatus is closed The gas volume may then be read at leisure 

When, as in most plasma analyses, the CO* is not reabsorbed, no washing 
of the apparatus is necessary before using it for another determination, since 
the acid solution which wets the walls of the chamber contains a negligible 
amount of CO* 

Calculation For most clinical purposes, results within 1 or 2 volumes per cent of 
the true values for CO* capacity may be obtained by multiplying the observ ed volume 
(uncorrected) by 100 and subtracting 12 Wore accurate results are obtamed by means 
of the table on p 700, in which the observed volume (corrected for pressure) is directly 
transposed into ml of carbon dioxide chemically bound by 100 ml of plasma The 
value obtained from this table must be multiplied by 1 017 to correct for CO* re 
absorbed by the solution after release of pressure The barometer reading and room 
temperature are taken at the time of the determination For convenience m the calcu- 
lation, values are given below for the ratio over the range usually encountered 

In case the volume of plasma taken for estimation of carbon dioxide content was 
0 5 ml , the observed v olume of gas is multiplied by 2 before it is used to calculate the 
volume per cent of carbon dioxide bound 

Interpretation. The carbon dioxide capacity of the plasma as deter- 
mined by this method appears to indicate not only the alkahne reserve 
of the blood but also that of the entire body The average normal value 
for man is 65 volumes per cent of carbon dioxide The table on p 701 
shows the range of results obtained with normal and pathological plasma, 
as well as the relationship of the plasma bicarbonate to acid excretion, 
alkali tolerance, and alveolar carbon dioxide tension 
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7 GO 
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1 000 

738 
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7G2 

1 003 

740 

0 974 

7G4 


742 

0 97u 

766 


744 

0 979 

768 
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0 9S4 

772 


750 
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776 


751 

0 992 
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(b) Plasma Bicarbonate (Titration Method) Van Sltke.* ^ 

is treated with aa excess of standard acid which is titrated back wi 
to the original pH of the plasma as drawn 


Plasma 


Procedure. Blood is drawn without stasis and without exposure to air 
a glass syringe or tube coated with potassium oxalate aad containtn* 
eral oil (see Fig. 183). Then without exposure to air the blood “ 
tube under oil until the tube is completely filled. A one-hole ru ^ 

per is inserted into the tube, expelling through the hole the oil t . 

e blood. The hole is closed with a glass plug and the tube cen 


over the h 


e tube, oil u 


The plug is then taken out and as the stopper is removed from the J~ ^ 
------ - the surface 01 *** 


allowed to run in through the hole in the stopper to cover tne f d 

> air. The plasma is then tran “* t 


plasma, so that it is never exposed to air. me piasm* »<* *** — V ufficieid 
under oil to another tube. Simply covering the blood with oil is no s 


to prevent loss of CO* during centrifuging. CuU eB,i 

A standard for the end point is prepared in accordance wit ^ 0 j 
original directions for colorimetric hydrogen-ion determination. . |( 

neutral 0.9 per cent NaCl containing 7 drops of 0.03 per cent pheno # 


neutral v.y per vein luuioiu..i S • — ■ — — - t — — - laierO' 

placed in a round flask of about 100 ml. capacity and covered with jj, e 


mineral oil. 1 ml. of the plasma is then introduced under the 
mixture is then stirred gently with a glass rod. 


ilxture is then stirred gently with a glass rod. 

Another 1-ml. sample of the plasma is transferred to a similar roun . 

5 ml. of 0.01 N IIC1, which is made up in neutral 0.9 per cent NaCl, »» j, 

and the CO* is removed by whirling the mixture vigorously about t e # 

for at least 1 minute with a rotary motion so that the solution is whir e ^ 

thin layer about the inner wall. 10 ml. of 0.9 per cent NaCl and 7 drop* ^ 
0.03 per cent phenol red solution are added and 0.01 N NaOH is run in 
buret, which permits readings to 0.01 ml., until the color matches t* 1 ® _j 
standard. As the end point is approached, sufficient 0.9 per cent * 
added to bring the volume to 20 ml. of 

The 0.01 N NaOH, like the 0.01 N HC1, is made up by diluting 1 *ohi 
0.1 N solution to 10 volumes with neutral COj-free 1 per cent NaCl. _ a . 
of saline solution instead of water has the advantage of preventing the 
tion of a permanent cloudy precipitate of globulin. . 

A peculiar phenomenon occurs as the end point is approached. E ac ^ 
appears to change the color past the end point, but within a few secon 
color shifts back, and It is seen that at least another drop is needed. ^ 
quently, the final color comparison should not be made until at ** j, j, 
seconds after the last drop of 0.01 N NaOH has been added. When in 


it is better to overrun the end point by a drop rather than stop short of * ^ 
Calculations. The number of ml of 0 01 N NaOH used in the titration ** 
tractcd from the mt required to neutralize to the same indicator 5 mi V^^je 
N 11C1 used The number is approximately 5 but usually vanes from it slight! ) ^ 
of difference m factors of acid and alkali and because of the calibration crr ?^ pet- 
3-mL pipit used in measuring the acid The maximum accuracy i3 obtained 7 
forming a preliminary titration on 5 ml of the acid plus 15 ml of distilled water, ^_ t 
the aame pipet, indicator, and end point as in the plasma titration The titration 
represents ml of 0 01 M N'aliCO, per ml of plasma and it is transformed i» w ^ 


of molecular concentration of N'aliCO, by merely dividing by 100 If the >* j jC j 
by 2210 or the number of ml of 001 - * 


molecular concentration is multiplied l. 

ti-cil m the titration by 22 I, tlw v<>Iume p, r ci nt of bicarbonate CO, in the P** - a„J. 
obtained and the results can thus be rr,m|«m-d with tho*c obtained by the COt & 


a SJyke / DvJ (Vn 51. 135 (1322) 
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The standard 0 01 N NaOH must be protected from atmospheric CO* and kept m 
paraffined bottles to pre\ ent solution of alkali from the glass 10 The buret should be 
filled w ith fresh solution each daj The carbonate-free solution ia made b> dissolving 
the NaOH in an equal a olume of H.O On standing, the Na»CO, settles to the bottom 
2 75 ml of the clear supernatant solution are diluted to 5 liters and standardized by 
titration w ith neutral red against 0 01 N HC1 It is preferable to run the acid into the 
alkali as the color change occurs without the time lag observed when alkali is added to 
acid 

Interpretation. The results agree closely with those of the C0 2 
capacity method over the range of bicarbonate concentrations (0 03 to 
0 01 M) ordinarily encountered in man, even m severe acidosis Below 
this rauge the titration continues to give accurate results, while the C0 2 
capacity method gives somewhat higher values For clinical and most 
experimental purposes, however, it appears that the two methods give 
results so nearly identical that they may be used interchangeably 

3. Hydrogen-ion Concentration of Blood. 

(a) Colorimetric Method of Cullen 11 as Modified by Hawkins ** Principle 
Blood 13 collected with precautions against loss of CO* The plasma is diluted with 
saline solution containing phenol red and the color obtained compared with that of 
standard phosphate mixtures of known hjdrogen ion concentration 

Procedure. Prepare two test tubes of the same diameter as have those used 
to contain the standards (see below), one containing 5 ml of 0.9 per cent 
sodium chloride solution and the other 5 ml of saline indicator solution, 1 * 
each covered with a 1-cm layer of neutral mineral oil. Connect a Luer needle 
adapter, by means of a short piece of rubber tubing, to a 1-ml. Mohr pipet. 
Without stasis, insert the needle Into the subject’s vein, attach the adapter, 
and allow the blood to fill the pipet past the zero mark (A tourniquet may be 
used to aid In finding the vein, but the blood should flow Into another tube a 
few seconds after the release of the tourniquet, so that stasis is absent when 
the adapter is inserted into the needle ) Withdraw the needle from the vein 
and at once disconnect the rubber tubing from the pipet Wipe the tip and 
Introduce Into each tube, under the oil, 0.4 ml of the blood. Stir the contents 
carefully with a fine glass rod. 


M Testing Standard 0 01 iV A aOH for Carbonate The solutions should bo made up using 
onlj boiled water, be kept in paraffin lined bottles and be protected from atmospheric 
CO, by soda lime tubes They should he tested for carbonate as follows 
To 5 ml of 0 01 N 1IC1 in a 200-nil round flask add from a freshly filled buret about 
4 8 ml of tho 0 01 N NaOH to bo tested and 0.3 ml of neutral red solution Tho mixture 
should bo strongly acid to the indicator The solution is rotated for 1 minute in the flask 
to permit the escape of CO, and is then transferred to a 50-m] Erlenmeyer flask and 
titrated as in plasma analy «es the total amount of 0 01 N NaOH required to give the end 
pomt being noted 

A duplicate titration is performed in tho same way exrept that there is no agitation 
to remov e carbon dioxide tho 0.01 N HC1 plus 20 ml of water being placed directly in the 
SO-m! Erlenmeyer flask, and the 0 01 V NaOH being added until a minimum of stirring 
If there is no carbonate in the standard NaOH soluUon tho two titrations give identical 
results. The difference should preferably not exceed 0 1 ml and if it exceeds 0.2 ml tho 
alkali should not be used 

11 Cullen J Biol Chem 52. 501 (1922) 

11 Hawkins J Bud CAem. 57,493 (1923) 

** I*reparo fresh for each determination Add 2 1 ml of 0 03 per cent phenol red solution 
to 100 ml of 0.9 per cent sodium chloride solution Adjust to approximately pH 7 4 by 
stir nag with a fine glass rod dipped into 0 02 N alkali or acid, as tho case may be 
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Tabll i or Calculation of Carbon Dioxiui Combining Pom.B or PlasU-% 


Obsened 
to! gas 

Ml of COt reduced to 0° 

700 mm bound at bicar 
bonale by 100 ml of 

Observed 
rol gas 

D 

Ml of C Os reduced 
760 mm bound as bi 

bonale by 100 ml 

vlasmo 

x =?n — 
iGO 

15° j 

20° | 

25° 

30° 

X 7 GO 

15° 

20® 

2o° 

0 20 

9 1 

9 9 

0 7 

1 7 

11 8 

12 G 

0 GO 

1 

47 7 

48 7 

48 1 

49 0 

48 5 

49 4 



1 8 

2 G 

13 5 

2 

49 7 

50 0 




2 8 

13 C 

14 3 

3 

50 7 

51 0 

51 3 



13 7 

14 5 

15 2 

4 

51 G 

51 9 

a t ** 



14 7 

15 5 

1G 1 

5 

52 G 

52 8 




15 7 

1G 4 

17 0 

6 

53 G 



7 

13 9 

16 8 

16 6 

17 6 

17 4 

18 3 

18 0 

18 9 

7 

8 

54 5 

55 5 

54 8 

55 7 

56 0 



18 5 

19 2 

19 8 

9 

56 5 

5G 7 


0 30 

18 8 

19 5 

20 2 

20 8 

0 70 

57 4 

57 G 



19 7 

20 4 

21 1 

21 7 

1 

58 4 
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58 9 

2 

20 7 

21 4 

22 l 

22 G 

2 

59 4 

59 5 


3 

21 7 

22 3 

23 0 

23 5 

3 

60 3 



4 

22 G 

23 3 

24 0 

24 5 

4 

61 3 



5 

23 G 

24 2 

24 9 

25 4 

5 

62 3 



G 

24 G 

25 2 

25 8 

20 3 

6 

63 2 



7 

25 5 

26 2 

2G 8 

27 3 

7 

64 2 

64 3 


8 

2G 5 

27 1 
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28 2 

8 

Go 2 

65 3 


9 

27 5 

28 1 

28 7 

29 1 

9 

66 l 

6G 2 


0 40 

28 4 

29 0 

29 6 

30 0 

0 80 

67 1 

67 2 


l 

29 4 

30 0 

30 5 

31 0 

1 

G8 1 

68 1 

68 3 

2 

30 3 

30 9 

31 5 

31 9 

2 

69 0 

69 1 


3 

31 3 

31 9 

32 4 

32 8 

3 

70 0 

70 0 


4 

32 3 

32 8 

33 4 

33 8 

4 

71 0 

71 0 


5 

33 2 

33 8 

34 3 

34 7 

5 

71 9 

72 0 

72 1 

G 

34 2 

34 7 

35 3 

35 G 

6 

72 9 

72 9 


7 

35 2 

35 7 

3G 2 

36 5 

7 

73 9 

73 9 


8 

3G 1 

3G G 

37 2 

37 4 

8 

74 8 

74 8 


9 

37 1 

37 6 

38 1 

38 4 


75 8 

75 8 
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39 3 
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76 8 

76 7 

76 8 

1 

39 

39 5 

40 0 

40 3 

1 

77 8 

77 7 
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2 

40 

40 -1 
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41 
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3 

41 1 

41 J 
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42 

3 

79 7 
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1 4 

42 
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42 
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4 

80 7 

80 5 
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42 
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43 

43 1 
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43 
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44 

44 
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44 

' 45 

45 

45 

7 
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8 

45 

1 40 

4G i 

4G 

8 

84 5 
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4G 

47 

47 

47 
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0 GO 

1 47 

48 

48 

48 

1 00 

8G 5 
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48 6 

49 5 
504 

I 4 

02 3 

03 2 
54 1 


06 0 
56 9 


5S» 
59? 
60 6 
61 6 
62 * 
634 
643 
653 
66 2 
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630 
69 0 


70 8 
71* 

72 7 

73 6 

74 5 


773 
78 1 
79« 
SO 1 
81 0 
82 0 
82 9 
S3 f 

si 5 


room ten perature at which the samples of plasma are saturated with 
dioxide and anal) ted It is assumed that both operations are performed At the ( *1 
perature The figures leave been w> calculated that regardless of the room temP^j p 


7W) mm ) of carbon hoxide tf at 1 CKJ ml of plasma are capable of bmoing ,,{J 

at 20’ with carbon dioxide at approximately 41 mm tension If the figures to 1 , 
multiplied by 0 M they g, V e within 1 or 2 per cent the carbon dioxide bound *t ■»* 
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Centrifuge both tube, at about 1500 r.p.m. for 5 minutes. Compare with 
standards'* tn a comparator block, estimating between two standards, 
necessarj. The tubes are placed in the following relative positions: 


Light source 


\\ atcr 


Saline 

Plasma 



Sal me 
Indicator 
Plasma 


Standard 

Indicator 


Observer 


The object of the 6aline plasma tube is to compensate the standard for the 
slight color and turbidity of the plasma (Walpole principle). The temperature 
of the saline Indicator plasma is obtained. It is desirable to make determina 


i« Reagents and Apparatus Required blarulards Sorensen’s phosphate standards ^ 
prepared from Merck’s special reagents in steps of 0 05 pH from about pH 7 2 to t 
The M/15 phosphate solutions should lie prepared from special reagent salts {Mercies 
are satisfactory) bj dissolving the following quantities in distilled water and making eac 
solution up to one liter 

XailU’Ot 211:0 * Sdrensen salt" 11 87 g- 

or NatHPO* anhydrous (Merck) 9 47 g 

K1HPO. 9 OS g- 

The proportions of acid and alkaline phosphates are given in the table These mixtures 
may be kept for some weeks in pyrex m the refrigerator 

I’uoHniATt: Mix-tubes 
(Phenol Red Range) 


pH 

M/15 

NailfPOi 

M/15 

KH.PO. 

I 

pH 

M/15 1 

Na.IIPO. 

M/15 

KII.POi 


ml 1 

ml 


ml 

ml 

1 7 00 

01 1 1 

38 9 

7 40 

. 80 8 

19 2 

1 7 05 

63 9 

30 1 

7 45 

82 5 

17 5 

7 10 

66 6 

33 4 

7 50 

i 84 1 

15 9 

7 15 

69 2 

30 8 

7 55 

, 85 7 

14 3 

7 20 

72 0 

28 0 

7 60 

87 0 

13 0 

7 25 

74 4 

25 0 

7 65 

1 88 2 

11 8 

7 30 

76 8 

, 23 2 

7 70 

89 4 

10 6 

7 3o 

78 9 

] 21 1 

7 75 

! 90 5 

9 5 


1 

! 

7 80 

i 91 5 

i 

8 5 


CtJor Standard* The*; are prepared b> adding 0 3 ml of 0 03 per cent phenol red (phenol- 
sulfonphthalem) to 15 ml of each of the standard buffer solutions. The concentration ol 
d>« required vanes somewhat with different lot* It ls best to prepare a concentrated stock 
solution and determine b> experiment the dilution required to give satisfactory depth ol 
color over the desired pH range The indicator solution must be neutral- After the addition 
of 1 drop to 3 ir 1 of redistilled water the water must not be red 

Tl»e odor standards must be renewed or checked against a fresh tube of d>e at least 
once every week as there is a slow failing of color 

Apparaiu* The comparator required i» convenientlj made from a Dock 3/6 inch**- 
Tl*e holes for the tuUw uc of 1 inch diameter The slits for the liglit are best made by 
biyruig two tj inch holes and gouging out the remaining wood with a chisel The tube 
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tions at 20° C , by placing the plasma tubes, together with the necessary 
standard tubes, in a large beaker of water at 20°. 

Calculation The pH of the blood (human) at 38° C n> ob tamed from the follow- 
ing equation 

pHa&° = Colorimetric pH,® + 0 01(1° — 20) — 0 23 

in which t° represents the observed temperature If the tubes are adjusted to 20° C , 
the middle factor naturally drops out 

The empirical correction, —0 23 (“Cullen correction"), applied to adjust the 
colorimetric pH values to those determined electrometncally at 38°, compensates 
for the protein and salt errors in the colorimetric determination The correction 
vanes with the species of animal, but unfortunately is not as constant m each species 
as could be desired 

Hastings and Sendroy claim that the Cullen correction is unnecessary when the 
readings are made with the tubes at body temperature Austin, Stadie, and Robinson 
have shown, however, that under pathological conditions in man, and in the dog, there 
is considerable variation m the Cullen correction, and Hastings and Sendroy’s pro- 
cedure does not eliminate it For these cases, they state, corrections must be deter- 
mined on each serum if colorimetric readings are to be relied upon 

According to Cullen and Earle the colorimetric method gives results at 20° C 
0 08 pH higher than the hydrogen electrode, and 0 14 pH higher than the quinhydrone 
electrode The electrometric method using the glass electrode (see (c) below) affords 
the most precise as well as most convenient method for measuring pH of the blood 

Interpretation. The normal pH range of blood is between 7 30 and 
7 50 The extreme limits of pathological variation which have been ob- 
served are 6 95 to 7 80 Tor the significance of abnormal pH values, see 
the table on p 691 

(b) Method of Shock and Hastings ,s This is an adaptation of the preceding 
method employing a special pipet which not only permits the determination of cell 
volume as well as plasma pH, but also makes possible the transfer of the diluted plasma 
to the manometnc apparatus for CO t determination Blood is collected by finger punc- 
ture under paraffin oil in the conical receiver containing oxalate (Fig 185) The 
Shock Hastings pipet is filled to the 0 1 ml mark, followed by phenol red saline solu- 
tion to the 2-ml mark A control pipet is filled with 0 1 ml of blood diluted with 
indicator free saline solution The tip of each pipet is covered with a bit of adhesive 
tape and a heavj rubber band (Eberhard Taber No 84) The cell volume is read after 
centrifuging The pH is read in a special colorimeter block containing comparator 


must be of clear nonalkahne glass of uniform diameter Tubes 20 nnn in diameter arc 
convenient 

Light Either da> light or Dajhte lamps are satisfactory 

Test for \cutrahty Tho redistilled water is usually about pH 0 2 to 0 5 The easiest 
test is that of using both phenol red and methyl red The water should give no red color 
with either indicator 

Thesjrwge pipets and tubes should be nn«ed with redistilled water and dried fringes 
tulics and pipets washed and sterilized m tho usual manner emplojed in bacteriological 
laboratories are often dried from alkaline water 

Tho saline solution must bo adjusted to pll 7 4 as described above. Tho oxalate when 
dissolved in water to a 0 5 per cent solution should not bo more alkaline than pH 7 2 to 
7 4 The oil is tested l» shaking with water containing phenol red and meth}l red The 
water must remain neutral 

u Shock and Hastings True Soe Lzptl liwl VeJ 24, 7S0 (1920) Vl»o described in 
greater detail b> Teters and Van Slj ke Quant Uatite Cltnual Chemistry Vol 2 p 
Baltimore Tho Williams A Wilkins Co 1932. 
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tubes of the same inUraal diameter as the bulb of the pipcts The contents of the 
pipet may then be transferred to the \an feljhe-Neill apparatus 

(c) Electrometric Method “The potentiometnc method for the determination or 
pH has been applied to blood The usual precautions must be observed in obtaining 



Rtceuer for Blood SJiocL-Ha&hngs Fipei Comparator Bloc!* 

Fia 185 \rPABATLs for Shock Hastings Method 

the sample to prevent the loss of carlion dioxide, and similar care must likewise be 
taken during the actual measurement To this end, glass-electrode v easels have been 
devised bo that the sample of blood is maintained out of contact with air Fig 18® 



hir 18G Glass- 
Llectrode As 
81 MULT FOR UbE 
w ITji Bfckman pH 
Meter. 

C«jurt«e> IitherSci 
*o» Ge Company Vw 
York 



troue for Use with 
the Coleman Elec- 
trometer. 

Courtesy A b Aloe 
Company bt. Louie Mo 


shows such a glass-electrode assembly for use with the Beckman pH meter so designed 
that the sample of blood can be transferred with minimum gas exchange directly from 
tic hypodermic syringe to the electrode chamber Anotl cr model of glass electrode, 
for use w ith the Coleman Electrometer is shown in Fig 187 In this assembly, the 
•♦Crai* Lange O toman and Carson Arch. Biochtm and Btophy 38, 357 <19j2) 
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hj podcrraic needle is attached to the electrode chamber so that the sample of blood 
enters the chamber which is then immediately made part of the electrometric circuit 
With the due care ordinarily exercised in the electrometric measurement of pH ac 
curate values can be obtained on as little as 0 o ml of blood 

4 Acetone Bodies For methods of determining acetone acetoacetic and 
£-h> droxybutyric acids m the blood see the References at the end of Chapter 23 

5 Determination of Oxygen and Oxygen Capacity (or Hemoglobin) of 
Blood Volumetric Methods It is possible to determine the oxygen of the 
blood using the same apparatus as that employed for the C0 2 estimation 
(see p 693), suitable precautions being taken m collecting the blood for 
analysis The oxygen content of blood represents the total volume of oxy- 
gen, both physically dissolved and combined with hemoglobin, present in 
100 ml of blood m the condition in which it flows through the veins or 
arteries For the determination of oxygen content it is therefore, necessary 
to collect the blood so as to avoid the oxygenating effect of air, i e , under 
oil An aspirating tube of the type illustrated in Fig 183 is suitable for 
this purpose 

The oxygen combined with hemoglobin in arterial or venous blood differs 
from the oxygen content m that a correction is made for free physi 
cally dissolved oxygen The same precautions in the collection of the 
sample must of course be taken 

The oxygen capacity of blood represents the volume of oxygen required 
to combine w ith all of its hemoglobin (oxj hemoglobin and reduced hemo- 
globin) It therefore constitutes a measure of hemoglobin since it is estab 
hshed that 1 g of hemoglobin combines with 1 36 ml of oxygen or, in 
other words each ml of oxygen capacity represents 0 736 g of hemo- 
globin Blood for this determination may be collected without precautions 
to avoid contact with air, inasmuch as aeration (oxygenation) is the first 
step in the procedure 

The oxygen unsaturation of venous or arterial blood is a measure of the 
absolute concentration of reduced hemoglobin and is obtained by sub- 
tracting from the oxygen capacity (total hemoglobin) the oxygen com- 
bined with hemoglobin as defined above The distinction betw een this and 
the relatn e unsaturation, which is the per cent of total hemoglobin in the 
reduced state should be kept in mind The use of the absolute rather than 
the relative expression is due to the fact that cyanosis is regarded as the 
result of an increased absolute concentration of the bluish reduced 
hemoglobin 

Determination of Oxygen Capacity Stir the special oxjgen reagent (see p 
716) to obtain emulsification of the caprylic alcohol Introduce 7 5 ml into 
cup b (Fig 182), and deaerate by shaking in the evacuated extraction cham 
her Mix the blood thoroughly with a stirring rod and transfer to a 250 ml 
separatory funnel In which it is completely aerated by rotating in a thin 
layer over the interior surface of the funnel (For oxygen determinations 
other than capacity, simply mix the blood under the oil and omit aera 
tlon ) Force 6 ml of the gas free reagent into the cup of the apparatus By 
means of a differential pipet (graduated to deliver between marks Fig 190), 
transfer exactly 2 ml of the blood directly into the extraction chamber by 
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keeping the tip of the plpet Immersed to the bottom of the reagent In the cup 
and regulating the admission by the finger or stopcock on the pipet and cock 
e of the apparatus. Never allow more than a few ml. of blood to accumulate in 
the cup. An Ostwald transfer pipet ma> be used for this purpose, the final 
drop of blood being forced out of the Immersed tip by expanding the air in 
the pipet with the heat of the hand, keeping the mouth of the pipet closed. 
Admit the remaining blood and all but 1 ml. of the reagent from cup b Into 
the extraction chamber. With a medicine dropper discard the excess reagent 
and introduce a few drops of mercury as a seal. Evacuate and shake until the 
volume of extracted gas (Oj + COi + N s ) is constant. This will be found to 
consume from 5 to 10 minutes and should be determined by measuring the 
gas at atmospheric pressure. Create a slight negative pressure within the 
pipet by bringing the level of solution to the 2-ml. graduation. Rinse cup b 
with distilled water and introduce 0.5 ml. of a 2 per cent NaOlI solution 
previously deaerated. By means of the negative pressure within the pipet, 
admit this solution slowly, followed by a thin stream of mercury, which 
serves to break the column of NaOll which usually forms In the capillary of 
the pipet. Allow 1 minute for drainage and bring the gas (Oj + Nj) to atmos- 
pheric pressure as described in the determination of CO s . Read the volume 
of gas, the temperature, and the barometric pressure. 

Calculation a 

V — observed volume of gas (O* + N,) 
t — temperature in * C 
B — barometric pressure in mm Jig 
w = tension of aqueous vajior {sec p 700) 

Volume per cent Oj capacity «■ ( - ~ “ -j X — 2 1 

' \7b0(l + 0 00.5070 2 ) 

Values for the temperature and pressure correction factor arc given in the table on 
p 707 The following equation may also be used 


Volume per cent O x capacity 


/ 17 - u)V \ 

\ l + 271 ) 


The value 2 1 in these equations corrects for oxjgtn and nitrogen physically dissolved 
at atmospheric pressure tor oxygen content subtract 1 30 (per cent N x ) instead of 2 I 
For O t combined with hemoglobin subtract 1 7 or 1 5 for arterial or venous blood 
respectively, which corrects for free O, and \, at artcnal or venous tension Oj un- 
saturation is obtained by subtracting O, combined with hemoglobin from Oi capacity. 
Hemoglobin (g. per 100 ml ) - 0736 X volume per cent O, capacity 
For eolonmetne determination of hemoglobin, see p 010 


6. Determination of Carbon Monoxide in Blood-Volumetric Method of 
Van Slyke and Associates:" Principle A more exact quantitativ e procedure for 
the estimation of carbon monoxide than the eolonmetne method given in Chapter 22 
is a v olumetnc method based on the experiments of \ an Sly ke and his associates The 
mixed gases are extracted from the sample of blood m a Van Slyke pipet (Fig. 182), 
the oxygen and carbon dioxide arc absorbed and the carbon monoxide estimated m 
the residual gas cither by absorption with Winkler’s reagent or by correction for the 
nitrogen 


11 Van Sl> ke and Salvewen J Biol Chem 
Chem. «*, 1 (1020 Van S>ke and Ne.ll 
Bernard L. O-er 


« 103 (1910) , Van =lyke and Stadie / BvA 
J Biol Chem 41, 023 (1924) Adapted bv 
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Table of Factors for Calculation 




1 

' 




Ttmperature 

/ - 
B — to 

760(1 +0 003670 
factor by which gas 
measured moist at 

a co« 

i 

\i rf measured 
at room tern 
perature and 
pressure dis- 
solved by 

. . V 1 50 - S CO*/ 

factor bv which the volume of CO* 
obtained after 1 extraction is multi 
plied in order to obtain the volume 
of CO* reduced to 0® 760 mm con 
tamed in the solution analysed 


to 0® 760 mm.* 


2 o mi 

IIsO 

5 ml 
HiO 

S - 2 5 ml 

S = 5 0 ml 

- c 



ml 

ml 



15 

0M2 X tI> 

1 075 

0 0 .j 2 

0 10a 

1 002 X 5§j 

1061 *7® 

IS 

0 828 x tS 

1 043 

0 Ool 

0 101 

0 995 XJL 

1 °“ 3 X 7® 

17 

0 021 *# 0 

1 015 

0 OoO 

0 100 

0 989 * 7i> 

1 046 X t® 

18 

0 919X=f 3 

0 989 

0 049 

0 098 

0 983 X S- 
760 

1 038 X t® 

19 

° 915 X 7® 

0 966 

0 04S 

0 090 

0 978 * 7® 

I 030 Xfl 

20 

0 910 X 7® 

0 042 

0 017 

0 09 a 

0 972 * 7® 

.022X7! 

21 

0 909 X ^ 

0 919 

0 046 

0 093 

° 9M * 7® 


22 

0 901 X ;ii 

0 896 

0 045 

0 091 

0 990 *4 

‘“• x s 

23 

0 897 X 7® 

0 873 

0 04o 

0 090 

09m *tI 

100.X5! 

24 

0 S92 X ^ 

0 850 

0 044 

0 088 

0 9.8*4 

0 993 X 7! 

25 

0S8SX,-i 

0 828 

0 013 

0 0S6 

0 9.2*4 

0 989 X 4 

28 

0 883 Xjf 0 

0 808 

0 042 

0 0S4 

0 939 * 4 


27 

0 878 X 7! 

0 789 

0 011 

0 083 

0 931 *4 

° 97,X ?5i 

28 

° 873 Xt® 

0 772 

0 040 

0 081 

0 921 * 7® 

*>“4 

29 

0 893 X i 

0 7oS 

0 040 

0 OSO 

0 918 X — 

0 957 X 7® 

30 

0 863 X 4 

0 738 

0 039 

0 078 

0 912 X — 

760 

0 .50 X 7! 


* To calculate Oi or hemoglobin when Oi + Nt volume is measured multiply gas volume by / to 
reducetoO 0 760mm and by such factor as is necessary (100 when 1 nil of blood Is used oO when 2 ml 
are used) to bring results to volume per cent basis Then for 


o O, content subtract 1 36 voL per cent Jf« 

b 0» bound by hemoglobin in venous blood sub- 
tract 15 sol per cent X. + dissolved 0« 

e Oi bound by hemoglobin in arterial blood sub- 
tract 17 '“I Per cent Xi + dissolved Oi 

d. Of bound bf hemoglobin m blood saturated 

w ith air at 20® C subtract 2 1 \ ol per cent \i + dissol'ed Ot 

Per cent of normal hemoglobin (Haldane scale) — ^ ^ = o 41d 
Grams of hemoglobin per 100 ml of blood — 0 736d 
Per cent of total hemoglobin saturated with Oi ” — ^ — or ^ 

Volumes per cent 0« unsaturation — d— eor d — b 


CO*. which is tl en multiplied by 1 017/ ^1 + « cos) m on * er obtain the total volumes per 

cent of COi in the solution anal) ied When whole blood is analysed. the air correction cannot be Used 
because of the Oi present and the COi must be determined b> alworpt on with NaOII solution The 
volume of gas absorbed is then multiplied by the alios e factor 

The factor 1 017 being empirical, may vary sbghtlj for different apparatus. 
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Procedure. Blood should be collected under oil in an oxalated tube. A spe- 
cial CO reagent" is required which differs from the O, reagent In containing 
lactic add as well as more potassium ferrlcyanide. The reagent (7.5 ml.) Is 
made gas-free and the mixed gases arc extracted from 2 ml. of blood exactly 
as described under the determination of oxjgcn capacity (p. 705). Longer 
shaking may be required to arrive at constant volume, since CO is not so 
readily dissociated from its combination with hemoglobin. After the ex- 
traction, a negative pressure is created in the extraction chamber by raising 
the solution level to a point 2 to 3 cm. below' the 2.5-ml. graduation. About 0.5 
ml. of mineral oil Is introduced Into the cup and bclowr this I ml. of alkaline 
pyrogallatc reagent. 1 ’ The reagent is admitted until Its level reaches the 
capillary of the cup, and the column that forms in the graduated capillary is 
broken by means of a stream of mercury as described In the determination of 
oxygen capacity. A few minutes are allowed for drainage, the gas Is restored 
to atmospheric pressure, and the volume read. The absorption of CO* and Oi 
is repeated until the residual volume is constant. The CO may be estimated 
from this volume reading, the temperature, and barometric pressure. 

If it is desired to determine the CO directly by absorption, proceed from 
tills point by first drawing the mixed solutions In the pipet into reservoir d. 
This is to avoid mixing the alkaline pyrogallate solution with Hinkler’s 
reagent 10 to be used. Establish a slight negative pressure within the ex- 
traction chamber as described above. Rinse the delivery cup with distilled 
water and Introduce into the pipet 0.5 ml. of Winkler's reagent. Absorption of 
CO takes place rapidly and the final gas volume should be read at once. 

A method of magnifying small volumes of gas by reducing the pressure a 
definite amount below atmospheric is described by Van Slyke and Startle.* 1 
Larger samples of blood may be used, the amounts of reagents being pro- 
portfonately increased. 

Calculations 

V| = Observed volume of gas from 2 ml of blood, after absorption by alkaline 
pyrogallate solution 

V, ~ Observed volume after absorption by Hinkler’s reagent 
B = Barometric pressure in mm of Hg 

w = Tension of aqueous vapor in mm of Ilg (see table on p 700) 
t ** Temperature in’C 

Volume per cent CO = ( If? — 100 FA . „„ 

\7U)(1 + 00J07I) X 2 ) ~ 1M 

Volume per cent CO =» ( (P ~ w) \ 100(Vi — Vt) 

\7W)(1 + 003071)/ 2 


” Special CO JleaaetU 


Saponin 

Potassium fernejamde 
Lactic acid c p 
Caprylic alcohol 
Distilled -water to 


3 Og. 
8 0 *. 

4 0 ml 
3 0ml 
1000 ml 


lfiOfr 2 TSo ml^f w21r ? r 7f» re 4 r iUt,C ' n oI hydroxide by dissolving 

t i“ 8 ?£ lutKm e 10 0 g. of pyrogalhc acid- 

to 150 ml H Cuprous chloride 40 g ammonium chloride 50 g,. distilled water 
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Values for the temperature and pressure correction factor mi) be found in the table 
on p 707 

Vapor Tension of Water 


°c 

mm Hg 

° C 

mm Hg 

10 

9 1 

20 

17 4 

11 

9 8 

21 

18 5 

12 

10 4 

22 

19 6 

13 

11 1 

23 

20 9 

14 

11 9 

24 

22 2 

15 

12 7 

25 

23 5 

10 

13 5 

2G 

25 0 

17 

14 4 

27 

2G 5 

18 

15 3 

28 

28 1 

19 

16 3 

29 

29 7 



30 

31 5 


MANOMETRIC METHODS OF ANALYSIS OF GASES 
IN BLOOD AND OTHER SOLUTIONS 22 

Principle The manometnc methods of gas analysis differ from the more commonlj 
used volumetric methods in that the latter involve rending the volume with the gas 
under a definite (usually atmospheric) pressure whereas by manometnc methods the 
pressure required to keep the gas at a fixed volume is observ ed The advantages of this 
procedure are that a much lower degree of error is attainable since m the former 
method the error in volume reading is many times greater than the error in reading of 
barometnc pressure, calculation is greatly simplified as barometric pressure and 
corrections for vapor tension and capillary attraction of mercury do not enter in 
smaller quantities of material may be used and accuracy is attainable over a wide 
range of gas concentration 

Apparatus The apparatus consists of a short pipet with the upper stem closed 
by a stopcock the lower connected with a glass tube The latter descends then turns 
to connect with a lev ehng bulb and a closed mercury manometer The pipet is call 
'orated at two points to hold a ml of gas for pressure measurement and A ml of total 
volume respectively as shown in Fig 188 

For analysis the sample of blood or other solution is introduced into the chamber 
over mercury, together with the reagents to free the desired gases from combination 
A Torricellian vacuum is obtained as in the volumetric apparatus by lowering 
the leveling bulb, and the gases are extracted from solution by 2 or 3 minutes shaking 
The gas volume is then reduced to a ml by admission of mercury and the reading p t 
is made on the manometer The gases are either ejected or are absorbed by proper 
reagents and the reading pi is taken with the same gas volume The partial pressure P 
of the gas at a ml volume is thenP = pi — pi mm of mercury from which the gas 
volume at 0® 760 mm may be calculated Methylene or ethylene glycol or glycerol 
may bo used as a dehydrating agent to moisten the upper part of the manometer tube 

11 Van Slyko and Neill J Biol Chem 61 523 (1924) Van Sly ke J Bwl Chem 73 
121 (1927) In addition to the methods here to be described these papers give the details 
of the technique for the combined determination of all the gases m a sample of blood 
methods for micro-analyses of fractions of a ml of blood for determination of gases in 
liqu da saturated at high tensions for determination of dissolved gases in water and for 
tl o use of tl o apparatus in air and general gas analy ses Pnnc pics and numerous apphra 
tions of tie mnnometr’C mell ods aro completely described in Peters and Van My ! 
Quanti/alice Clinical Ckenmlry Vo] 2 Baltimore Tie Williams Wilkins Co 19; 
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The extraction chn,„Vcr differ! I front that 

2 SIT . ^ctl c.tlber illustrated in ft 181) ran lie 
rubber joint at the bottom or l tub A mechanical shaker o prowded 

S'whlh^l^i the rubber ,„W ol the let cln. B bulb » expelled through 



metric Gas-Analysis Afpahatls. 


stojicock d The stopcock at the bottom of the manometer permits w ithdrawal of th e 
rot rcury 

The l >ottlc on top of the frame holds distilled water The lower l >ottle is to recciv e 
waste solutions drained out of the chamber after analyses The most rapid and con 
venient way to transfer solution to the waste bottle is to force it up into the cup above 
the ctiamher and then draw it o\ er into the bottle by suction If suction is not available, 
a narrow rubbi r drain can lie run from the curv ul outlet capillary to the bottle 
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For calibration of the appiratus ami a method of constructing a simple but not 
necessarily inaccurate modification of the manometnc apparatus, see the original 
papers 

Measuring Samples In order to attain the adv antage of precision offered by the 
manometnc apparatus accuracy in collecting and measuring samples is essential 
Blood should be either (1) drawn directly from the vein without stasis, into the 
differential pipet from which it is to be dehv ered into the extraction chamber, or, 




Fig 190 Oper 
ATI ON OF DEW 

ery Pipet 


better (2) collected under oil m an oxalatcd tube from which it can be drawn as 
needed The corpuscles should be uniformly distributed w ith a fine stirring rod before 
each sample is w ith drawn V heavy walled Ootw aid pipet graduated to deh\ er betw een 
two marks ( differential* pipet) and preferably provided with a stopcock should be 
used (see hig 190) 

Blood must be admitted at a rate slow enough to permit clear drainage of the pipet. 
Smooth delivery is usually obtained by using cock e or the cock of the pipet Vmounts 
of solution of 2 ml or more may be run m under 1 ml of mercury in the cup the 
mercury then washing out the capillary For smallemmotints wash solution is neces* 
sary for oomph tc transfer In ordinary transfer pipet may be used tl e final drop of 
blood being expelled by keeping the tip immersed closing the mouth of the pipet with 
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the index finger, anil grains tlie bull, x.th the »arm palm ot the other hand The 
expanding air dmes out the remaining blood , . , 

Cleaning the Apparatus. Preceding each analysis, the apparatus u cleaned U> 
introducing 10 or 15 ml of approximately 001 \ lactic acid, shaking for It - 
seconds in the evacuated chamber, and ejecting the extracted gas and solution 
Adherent solution introduces no error in the subsequent anal) sis 


Factors tor Calculation or Volcmfs Per Cent or Ox, CO and Nj froxi 
PRr»SLRLS IN 50-ML. VlTARATLS* 


2 emperatuTC l 

Sample 
= 02 mL 

Sample — 
S - 

1 ml 

3 5 ml 

Sample = 2 ml 

S =■ 7 ml 

a » 0 5 ml 

t = 100 

° 05ml 

i » 1 00 

a =*2 0 ml 

i = 1 00 

a *• 0 5 ml 

1 = 1 00 

a — 2 0 ml 

i = 1 00 

•c 

0 312 

0 002:$ 

0 2493 

0 0317 

0 1251 


10 

21 

85 

15 

46 

17 

09 

19 

78 

14 

42 

18 

08 

17 

GS 

12 

37 

19 

07 

15 

59 

11 

32 

20 

07 

13 

50 

09 

28 

21 

00 

10 

41 

08 

24 

22 

Oo 

03 

32 

00 

19 

23 

03 

00 

23 

05 

15 

24 

02 

04 

14 

03 

10 

25 

01 

02 

0G 

02 

06 

2G 

00 

00 

0 2398 

01 

02 

27 

0 299 

0 0o98 

90 

0 0299 

0 1198 

28 

98 

% 

82 

98 

93 

29 

97 

1 93 

’ 74 

9G 

89 

30 

96 

1 92 

GG 

95 

85 

31 

9o 

90 

58 

94 

81 

32 

94 

1 88 

50 

92 

77 

33 

93 

8G 

42 

91 

73 

34 

92 

l 83 

33 

90 

69 


• If calibration of an apparatus shows a value of a signjficantlj different from the 0 500 
or 2.000 nvL in the column heading the factors in the column are corrected bj multiply* 0 * 


,h '" b! 'oS5° r 55o 


Occasionally the apparatus fsboull lie kept filled overnight with chromic-suliun c 
acid mixture admitted through cock 6 by regulation of cock e The latter is kept closed 
but the former open to allow the escape of gas 

Testing for Leaks Test for leaks b> introducing S niL of water (Fig ISO) and 
extracting dissolved air for two minutes Reduce the gas volume to a and r<ad the 
pressure If the temperature is constant the pressure should not increase when this 
extraction is rc {Mated, 
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Factors by Which Millimeters Pco, \re Multi phfd to Give Voluaies Pir 
Cent CO. in Solution Analyzed — 50-ml Appvratus* 



Sample = 

0 2 ml 



Sample 

= I 0 ml 










Temper 


S = 2 0 ml 

S = 3 5 ml 

5 = 7 0 ml 


















o=0 5 ml 

a=0 5 ml 

o=2 0 ml 

a=0 5 nil 

a =2 0 ml 

a = 0 o ml 

a = 2 0 ml 


* - 1 037 

i = 1037 

t = l 017 

i = l 037 

» = 1017 

i = 1 037 

t = l 017 

0 C 








10 

0 34o4 

0 0691 

0 2710 

0 0718 

0 2818 

0 0789 

0 3097 

11 

37 

87 

0 2696 

14 

00 

83 

70 

12 

19 

84 

S3 

09 

0 2783 

76 

44 

13 

03 

81 

70 

On 

67 

70 

20 

14 

0 3386 

77 

50 

01 

50 

64 

0 2996 

15 

70 

74 

44 

0 0697 

3o 

58 

74 

16 

54 

71 

31 

93 

19 

52 

50 

17 

38 

68 

18 

89 

04 

46 

28 

18 

22 

64 

00 

86 

0 2090 

41 

06 

19 

07 

61 

0 2o94 

82 

75 

36 

0 2886 

20 

0 3292 

58 

83 

78 

62 

31 

66 

21 

78 

56 

72 

75 

48 

26 

48 

22 

63 

53 

60 

71 

34 

21 

28 

23 

48 

50 

48 

68 

20 

16 

08 

24 

34 

47 

37 

65 

07 

11 

0 2790 

25 

20 

44 

26 

61 

0 2o94 

07 

72 

26 

06 

41 

15 

58 

81 

02 

53 

27 

0 3193 

39 

05 

55 

09 

0 069S 

36 

28 

79 

36 

0 2494 

o2 

57 

93 

20 

29 

66 

33 

84 

49 

4o 

89 

04 

30 

53 

31 

74 

46 

33 

85 

0 2G88 

31 

40 

28 

64 

43 

22 

S2 

74 

32 

28 

26 

54 

40 

11 

78 

59 

33 

15 

23 

44 

37 

00 

74 

44 

34 

03 

21 

35 

34 

0 24S9 

71 

30 


* Van Slj ke and Sendroy J Biol Chem 73 127 (1927) 

To obtam factor for a sample otl er than 1 ml divide the above factors for 1 ml bj 
the ml of sample anol> zed e g for a 2 ml sample the factors are one-half of those for 1 ml 
To calculate ml of COi measured at 0° 760 mm in the actual portion of solution ana 
1} zed use the abov o volume per cent factors for 1 ml samples dw ided b> 100 

Lubrication Cocks b and e must turn smoothly but not leak V thin lajer of 
petrolatum is first applied followed b> a rubber paste (made by dissolving 1 part 
of unvulcamzcd rubber in 5 parts of petrolatum with heat) using relatively less of 
the first coating in vv arm w eather 

Determination of Correction, c , for Manometer Depression Caused by 
Introduction of Absorbent Solution The introduction of absorbent solution causes 
a lowering of the mercurj meniscus in the chamber and hence m the manometer, by 



714 Practical Phtsioi-ogicai. Cheuistby Chap 24 

. oiumc of fluid between the mercury and the <1 mark at the moment of 
^adme (Fig 188) This necessitates for the p, reading a correction which is deter 
b> bfank .Uses The sh,, c „I the app.rUu.c pwa .be „ca o fc — 

of the mercury m the chamber to \ iry according to the v allies of S and a The \al 
of c for 1 ml of added solution maj aci ordingly be from 1 to 4 mm , depending on 
shape of the chamber and the volume of S 

Dilute absorbents (\ NaOlI) or liyilrosulfitc (20 per cent solution) have no sig 
mficant effect on the vapor pressure in the chamber Special precautions arc required 
for alkaline pyrogalUte solution (p 708) l>ec mse of the strong KOII 

\\ hen the final manometer reading is obtained after expulsion of the gases instead 01 
after addition of an absorbing solution c, of course is zero 

Calculation The general equation for calculating total gas content of a solution 
from the volume of gas extracted in an evacuated chamber of definite volume as 
developed by \ an Sljke and Stadic ” has been subjected to certain modifications and 
made adaptable to manoroctnc calculations. 

Vapor pressure is eliminated as a f ictor since it is the same for both pressure read 
mgs and cancels out m the equation I • - pi - p- An » correction for reabsorption of 
extracted gas dunng the release of the vacuum is required for COi just as in eolumc trie 
measurements and amounts to about 1 014 For less soluble gases (O*, N» CO) it “ 
practically 1 000 reabsorption being negligible A correction is also included for the 
effect of temperature on the specific gravity of mercury 

The use of the rather involved final equation is expedited by the tables constructed 
by the authors which give directly the factors by which P read at any given tern 
perature under the conditions ordinarily employed must be multiplied to obtain the 
volumes per cent of gas (see the tables on pp 712 and 713) To express results as 
millimoles per liter either use the table of millimole per liter factors given in the 
origmal papers or divide volumes per cent of ga3 by 2 24 or in the ease of CO* by 
2 220 

\olumcs per cent gas = P X vol per cent factor 
.. . , P X vol per cent factor 

m'l gas per liter — 

2 24 


Determination of COt in Blood or Plasma 14 The apparatus having been 
cleaned (see p 712), a drop of caprylic alcohol is drawn Into the capillary 
above cock b, and 2 3 ml of COi free water per ml of blood or plasma to be 
added are put Into the cup Stopcock b is closed, with e open The blood or 
plasma is delivered beneath the layer of water In the cup from a pipet as 
described under “Measuring Samples ’ After the delivery of the sample, the 
residue of blood in the cup is run into the chamber below, followed by the 
water layer Finally, 0 2 ml of COt free 0 1 N lactic acid per ml of blood 
or plasma is added Stopcock b is then sealed with a drop of mercury The 
CO t is liberated by lowering the leveling bulb until the surface of the mer 
cury has fallen to the A mark, closing cock e, and shaking the mixture for 
3 minutes The extracted gas is reduced to 2 ml (a), the admission of mercur} 
being regulated by stopcock e and the leveling bulb If the fluid meniscus 
passes this point, readjustment must be made by first bringing the mercury 
meniscus to the A mark and equilibrating for a minute Otherwise more re 
absorption of COt will take place than is provided for In the calculation The 
adjustment being correct the manometer is tapped with the finger, and the 
height of the mercury column read (pi mm ) 


»» J Biol Chem 49 30 31 (1921) 

»* fehoM determines both COt and pH on 0 1 to 0 2 ml of plasma See J Bud Chem S3, 
759 (1929) 
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The variable amounts of Oi extracted from whole blood make It necessary 
to determine CO t by absorption. This custom Is also followed in plasma 
analyses, though It may be avoided by correcting for extracted air. The ab- 



sorbent solution, 1 N NaOH 1 * is admitted under 
reduced pressure. After measuring pi the pressure 
is diminished so that a space of several ml. is left 
between the water meniscus and the lower a mark. 
Next, 2 ml. of gas-free alkali is measured into the 
cup from the reservoir, avoiding reabsorption of 
air, and 1 ml. of alkali is admitted into the cham- 
ber. Absorption is complete in 30 seconds. 

In analyses of serum or aqueous solutions of 
carbonates, the COi may be absorbed with 0.2 ml. 
of 5 N NaOH. 0> and N* are sufficiently insoluble in 



Fig 191. Use of Cal- Fig 192 Bulb for Preparing and 

cium Chloride Tube Storing Gas-free Solutions 

Reserv oir. 


this medium to make deaeration unnecessary. Only slight negative pressure 
is required to admit it. Air-free 1 N NaOH must be used for whole blood. 

After absorption of COi cock 6 is sealed with mercury and the meniscus of 
the solution in the chamber is lowered a little below the a mark. Mercury Is 
readmitted from cock e until the solution meniscus is again on the a mark. 
Cock e Is closed and the reading of the manometer is taken (pi mm.). The CO* 
pressure P C o, is 

Pco, = Pi — pi — c 

where c is the correction discussed on p. 713. This correction Is determined in 
a blank analysis in which S ml. of water, made alkaline with 2 or 3 drops of 
normal NaOH, are extracted in the apparatus, pi and p, being read before 
and after addition of the same amount of alkali as used in the determination. 


C = Pi — pi 

The alkali must be made gas- free and kept in properly protected reservoirs 25 to 30 ml. 
of 1 N NaOH are deaerated in the extraction chamber and transferred under oil to a reservoir 
made from a calcium chloride tube (Fig 191) Thi3 will keep for a daj For larger amounts 
of solution, the apparatus shown in Fig 192 is suggested It consists of two leveling bulbs 
connected by a rubber tube 1 meter long One of the bulbs (illustrated) is provided with a 
glass capillary and stopcock The bulb ts half-filled with ahsorbent solution and extracted by 
evacuation and shaking Solution is delivered into tho extraction chamber directlj from 
the capillary of this re«erv otr 
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To minimize error, all solutions must be measured very accurately, so that 
S vanes within ±0 05 ml Also, sufficient time must elapse for temperature 
equilibrium to be established (For other sources of error and refinements of 
technique, see the original paper **) 

Calcllation See p 714 

Determination of Plasma COj Capacity CO» capacity, as a clinical measure 
of acidosis, may be determined by the volumetric method of Van Slyke and 
Cullen (p 693) For the manometric determination, admit a drop of cap- 
rylic alcohol Into the capillary of the cup, followed by I 5 ml of 0 1 N lactic 
add One ml of plasma (previously saturated with alveolar air) is intro 
duced below the acid The solutions are admitted to the extraction chamber, 
cock b sealed, the chamber evacuated and shaken 2 minutes Then pi is 
read as described above with the gas volume at 2 ml The gas Is ejected, the 
ejected portion of the solution returned to the chamber, and the pressure 
reduced so that the gas space is again 2 ml The value pi and the temperature 
are then read 

Calculation Pressure of extracted air and COj = pi — pi 

The CO* capacity is obtained from this pressure by the use of the nomogram (Fig 
193) 

Determination of Oxy £en in Blood 17 Oxygen may be determined manometri- 
cally on 1 ml samples of blood with a variation within 0 2 volume per cent 
The special Or reagent 5 * Is emulsified by rotating, and 7 5 ml are measured 
Into the apparatus and deaerated by shaking in vacuo for three minutes 
During the shaking, the mercury should be well in the neck below the bulb, 
to afford minimum exposure of surface, as mercury reacts with ferricyanide 
One ml of the well mixed blood is drawn into a plpet, preferably such as 
described on p 711 6 ml of the extracted reagent are forced into the cup, 
leaving I 5 ml in the chamber The blood is introduced under the reagent 
directly into the chamber as described under “Measuring Samples ” The 
plpet is carefully withdrawn and 1 ml of reagent is permitted to flow into 
the chamber, rinsing through the blood in the capillary The cock is sealed 
with a drop of mercury and the excess reagent discarded The apparatus is 
evacuated and shaken for 3 minutes 1 ml of air free 1 N NaOlI Is placed In 
the cup and the CO* absorbed by admitting 0 5 ml of the hydroxide into the 
chamber under diminished pressure as described in COj determination on 
whole blood 

The solution meniscus Is brought to 2 ml (a) and p, (pressure of O, + 

Is read (For low Oj values It is preferable to read p, with a at 0 5 ml ) As in 
the volumetric method, O, may now be determined either by making a cor 
rection for N», or directly by absorption In the first case, after pi has been 


” Austin J Btol Chem. 61 345 (1924) has described a mo Jification of tlus procedure 
to be used in COi anal) sea of serum obta ned after ether anexti e„ a 

51 bendroy J Biol CUm VI 307 (1931) describes a shorter method for hemoglobin 
b> manometric Orcspscity determination 
11 Special Ozvgm Iteagml 


I otassiurn feme) snide 
Saponin (Merck) 

Capo lie alcol 1 
\\ a ter to 

Low results f< r o j> gen may be aeeoui ted for 1 ) saponin of low J eraolv tic activity w 
which case tie amount may be increased 


3 Og. 
3 0 g. 
3 Oml 
1000 ml 
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Fio 193 Nomogram for Calculation of Plasma CO* Capacity 
A straight line connecting the observed points on the pressure and tem 
peratuxe scales cuts the CO* capacity scale at the point indicating the 
capacity 


read, the gases are ejected from the chamber and p* Is determined with the 
solution meniscus at the same a mark 

The absorption method Is resorted to for greater precision or when other 
gases (e g , CO) are present After pi has been read, cock e is opened, with 
the leveling bulb in position to produce a gas space of 4 to 5 ml Cock e is 
then closed Next I 5 ml of h>drosu!fite solution 1 * is introduced into the cup 


** Grind up 100 g of sodium h> drosulfite and 10 g of sodium &nthraquinone-£-sulfooate 
(Eastman Kodak Co ) and keep in stoppered bottle To prepare absorbent solution stir 
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and by turning cock b admitted a drop at a time As each drop trickles down, 
,t absorbs Oi and the mercury in the manometer falls After a few drops nave 
been admitted no further perceptible fall occurs Cock e Is then opened and 
the solution permitted to rise as near the stopcock as It will, with the leveling 
bulb in the lower ring The remainder of 1 ml of hjdrosulfite Is then added, 
completing the absorption of traces of Oi The gas Is brought to the same a 
volume and pz is read on the manometer. 

po, “pi — pi — Co, 

To check the completeness of O, absorption and the absence of air leakage, 
eipel the Ni and measure p, in the gas free apparatus. The Ni should ap- 
proximate 1 2 volumes per cent in the Oi content determination, or 1 4 
volumes per cent In Ox capacity 

An alternative absorbent for Oj is the alkaline p>rogalIate reagent (p 708). 
This is not so clean or rapid as the hydrosulfite, but is more stable and its 
use is advised when Oi determinations are done only occasionally* The 
gummy precipitate formed with the blood mixture necessitates mixing the 
solutions in the bulb of the chamber, well below the a mark, resulting in a 
greater negative pressure for the admission of the absorbent One ml of 
alkaline pyrogallate is admitted dropwise over 4 or 5 minutes The pressure is 
then allowed to rise to atmospheric so that the upper tube is rinsed by 
the solution, thus avoiding a reduction of vapor tension due to the strong 
alkali Then pi is read The apparatus is cleaned with water after using this 
absorbent 

The c correction, when oxygen is determined by absorption, is due to two 
factors, the lowering of the mercury meniscus by the absorbent and the 
trace oi O, lelt In the reagent after one extraction To determine c, deaerate 
7 5 ml of the special O t reagent for 3 minutes, expel 5 ml , leaving 2 5 In the 
chamber Shake again for 3 minutes and then admit 1 5 ml of air-free 1 N 
fvaOH m the manner described for CO, Read pi with a at 0 5 and 2 0 ml Then 
run in the absorbent as in the analysis and obtain p, at both points Lse Co, 
corresponding to a in the analjsis 


Co, = pi - p. 
Eject residual N, and read p, 


c a. = Pi - pi 

If Oi is determined indirectly by correcting for N, instead of by absorption, 
c Is obtained m the same way, except that p, is measured after ejection of the 
Ot + Ni, without preliminary absorption 
Calculations. The estimated corrections for dissolved Oi and of blood in 
calculation of total or combined oxygen or ox>gen capacity given in the accom 
pan > mg table, may vary somewhat with the cel] content 

The corrections are subtracted from the volume per cent of gaa aa determined bj 
the use of the table on p 712 


>m mixture u i SO ml of 1 N KOK and < )Ul rldy filter tl rough cotton- Deaerate 
I n and transfer toeontainer under oil aa described in tl e footnote < ‘°- 


10 g. of tins mixture u 

the soluti n and tram- ^ > _ 

One drop of 10 per cent lea, still furtheraciiierates tbe ab^mtion'^tmtj The sola 
Lilu y of N, in tins medium is negbgst le. 
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Estimated Corrections ior Dissolved O 2 and N* in Blood 


Blood 

Determined 

Sought 

Correction to Subtract 




I ol per cent 

1/ perl 

V enous 

Total Oi 

Combined Oi 

0 1 (O,) 

0 04 (0 ) 

Arterial 

Total Oj 

Combined Oi 

o 2 (0,) 

0 09 (Oil 

Saturated with air at 
20° 7C0 mm 

Total 0* 

Combined Oi (Oi ca 
pacitj ) 

05{O) 

0 22 (Oj) 

V enous 

Total Oi + Ns 

Combined Oi 

1 3 (0, + N,) 

0 o7 (Oj + Nj) 

\rtmrl 

Total Oi + NT, 

Combined Oi 

1»(0, + NO 

0 62 (Ot + Ni) 

Saturated with air at 
20° 760 mm 

Total 0* + Ni 

Combined Oi (Oi ca 
parity) 

1 9 (Oi + Ns) 

0 8o (Ot + Ni) 

V enous 

Total O* + Ns 
or CO + Os + Ni 

Total O. or CO + Os 

1 2 (N.) 

0 o3 (Ni) 

Arterial 

Total Os + Ns 
or CO + Os + Ns 

Total Os or CO + Oi 

1 2 (N,) 

0 o3 (Ns) 


Determination of Carbon Monoxide Hemoglobin, of Met hemoglobin, and 
of Hemoglobin by the Carbon Monoxide Capacity Method.™ Principle Car- 
bon monovide is liberated from combination w ith hemoglobin by treatment with an 
acid ferricyanide solution COs and Oj are absorbed \v ith alkaline pyrogallol solution 
and CO determined by correcting for Aj in the residual gas 

For determination of hemoglobin the blood is saturated with CO and the CO 
capacity determined Volumes of CO absorbed are identical with those for Oj This 
gives active hemoglobin 

CO without the aid of hjdrosulfite does not change metheinoglobin to carboxy 
hemoglobin The difference between CO capacity with and without hydrosuliite 
treatment represents methemoglobm Hemochromogen behaves like methemoglobm 
but is rarely present *> 


Determination of Hemoglobin ( Actixe ) by CO Capacity Draw 1 drop of 
capryhc alcohol into the capillary beneath the cup of the manometric ap- 
paratus Measure 4 75 ml of water into the cup With stopcock pipet pro- 
vided with rubber tip (see p 711), run 2 ml of blood directly into the cham- 
ber, followed by the 4 75 ml of water Place 1 to 2 ml of mercury in the cup 
above the chamber Fill the outlet capillary of a Hempel gas pipet containing 
CO (see Fig 194) with mercury Fit the tip of the pipet into the bottom of the 
cup as shown m the illustration Turn the two cocks shown In the illustration 
so that CO gas** can flow from the pipet into the chamber. The flow Is regu- 


» Van Slyke and Hiller J Biol Chem 78 S07 (192S) 84, 20o (1 929) Methods for 
smaller amounts of blood are also gi\en For a somewhat more accurate procedure for 
the determination of carbon monoxide in blood see Sendroy and Liu J Biol Chem 89, 
133 (1930) 

*1 Conant Scott and Douglass J Biol Chem 76 223 (I92S) give a method suitable 
in the presence of hemochromogen 

11 The bulbs are of about oO-ml capacity each The capillary is of 1 nun bore W ben 
tho pipet is not in use a little mercury is let into the capillary leading to the CO bulb to 
seal tho three raj cock and prev ent leakage around it This drop of mercury in the capillary 
to the right of the cock is shown in the illustration This pipet may al«o be used to store 
air free solutions In tins case the solution replaces the CO gas shown abo\e and mercury 
is used where water is indicated in tho aboce figure Supplied by the makers of the Van 
Sly ke-Neill apparatus 

“ CO Gas Connect the lower openings of two 5-hter aspirator bottles with rubber 
tubing at least 15 mm wide till ono ( l) conij letely with water l is aho fitted with a 
Hustle tube with stopcock and a side tube with stopcock connecting with a large test tube 
carrying a safety thistle tube containing mercury passing through tho stopper only and a 
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lateJ by the cock leading to the mercury leveling bulb of the manometric 
apparatus. With the leveling bulb In mid-position (a little below the bottom 
of the chamber), open this cock slowly, withdrawing mercury from the cham- 
ber until CO enters to the 2-ml. mark. Close the cock of the chamber, seal 
with a drop of mercury, and evacuate. With the mercury meniscus at the 
50-ml mark, shake until equilibrium Is reached 
(1 minute or longer as determined In blank 
below). Eject the mixture of gases from the 
chamber. 

Evacuate until blood solution is In lower 
fourth of chamber. Put about 1 ml. of mercury 
and 2 to 3 ml. of water In the cup. Through 
the mercury seal introduce 0.25 ml. of acid 
ferrtcyanlde* 4 solution, using a rubber-tipped 
buret made by fusing a stopcock onto a plpet 
graduated In 0.01-ml. divisions. Before the tip 
of the buret is inserted Into the mercury, move 
it through the water layer to dislodge fcrrlcya- 
nhle crystals or air bubbles. Fill the capillary 
and bore of the cock with mercury but run 
none Into the chamber. Evacuate, lowering the 
mercury to the 50-ml. mark. Shake slowly for 
about 5 seconds, and then vigorously for 3 
minutes. Admit mercury until gas space Is 
reduced to 5 to 6 ml. Measure 2 ml. of air-free 
1 N NaOIl 44 into the cup, letting it run In 
slowly with the tip against the bottom of the 
cup. Allow 1 ml. of the NaOIl to flow slowly into the chamber. Absorption of 
COt Is complete in less than 1 minute. Bring the volume of gas to 2 ml 
Record the manometer reading as pi. Eject the gas. Seal the stopcock with 
a drop of mercury. Lower the fluid meniscus to 2 ml. Read the manometer 
again (p»). 

Calculation. The hemoglobin content of the blood in terms of CO- or Or« 0,n ' 
bitting power is calculated by the equation 



1 ia 194 liEMPLL PlPLT Pro- 
vided with Tiikil-Wa 
bTorcocK 1 * (Van Slykb ano 
Hillkh) 


CO or Oj capacity — (p, — p t — c)f 

where / is a factor obtained from the table on p 712 and c is determined by a blank 
analysis m which the procedure described above is repeated in every detail except tbft 1 
2 ml of water arc substituted for the 2 ml of blood The correction is calculated as 
c m Pi — Pi The value of c, once accurately determined, can be used as a constant 
tunce it is small and insensitive to ordinary changes in laboratory conditions 


Determination of Total Hemoglobin and Methemo&lobm. Wash apparatus 
with three successive portions of 10 to 15 ml of water, to the first of which 


second thistle tube with stopcock reaching to the bottom of the test tube Run into the 
test tube 3 ml of anhydrous formic acid and then slowly concentrated HiSO* gently 
warming the mixture with a nncroburrier When about 300 ml of CO and air have col- 
lected in A drive this out by opening the thistle tube and lifting IS Continue generation 
until the CO from all the formic and is colics led in A Clamp the tube between the two 
bottles with a screw and detiuh the test tube (any out the entire procedure w» a 

hoo>t or tn a fret draft of air Smaller vessels ina> lx> used if less CO is desired 

** Uvl herriru<i> ide S of id ton To 112 volumes of stock solution, containing 32 g °* 
Kil el< V)« per 100 ml add 8 volumes »f c omen irate 1 lactic a< i 1 of sp gr 12 It may 
l»e iwil f >r mote than 2 month* t N \aUIl Rendered air free as described on p 715 
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a little hydrosulfite solution is added. This is done by evacuating to thp 
50-ml mark, running in the water, shaking for 15 to 20 seconds, and ejecting 
the solution. 

Draw 2 drops of caprylic alcohol into the capillary beneath the cup. Meas- 
ure into the cup 4.3 ml. of water. Using the stopcock pipet with rubber tip, 
run 2 ml. of blood directly into the chamber, followed by a few drops of the 
water in the cup to wash blood through the capillary. From a microburet 
(see above) run 0.4 ml of the ammomacal sodium hydrosulfite** solution into 
the chamber, followed by the water remaining in the cup. Put 1 to 2 ml. of 
mercury in the cup. Lower the mercury m the chamber to the 50-ml. mark 
Run in CO from the Hempel pipet until the pressure on the manometer 
rises about 150 mm , the mercury remaining at the 50-ml. mark. If 100 mm 
of CO are run in and then mercury admitted from the leveling bulb to raise 
the level to the 50-ml. mark, the proper pressure will usually be attained 
Shake for 1}£ minutes. Eject gases from the chamber. Determine CO exactly 
as in the method above for active hemoglobin, except that 0 30 ml. instead of 
0 25 ml. of the ferncyanide solution is run in. Determine correction c by 
running a blank test on 2 ml. of water (see above) This c will be somewhat 
greater than In the method for active hemoglobin The calculation is other- 
wise the same and gives total hemoglobin. 

Methcmoglobin - total hemoglobin — active hemoglobin 

Manometric Determination of Other Substances. See footnote 22, p 709 
Other manometric methods are those for urea using the urease” or hypobromite* 7 
procedures oxalic acid or calcium,” total reducing substances,” and fermentable 
sugars 40 m blood and urme, lactic acid in blood, 41 potassium m serum, 41 gas in fermen- 
tation, 4 * primary amino nitrogen, 44 cysteine and cystine, 4 * gas mixtures,” carbon in 
organic substances, 47 chloride in serum and urine 48 phosphorus in organic com- 
pounds, 49 carboxyl groups in ammo acids,** inorganic sulfate,* 1 magnesium,” ammo 
acids m blood,** amino acids in urine,* 4 argmase,** total carbon and its radioactivity ** 
For some of these methods, later references will be found in Chapters 23 and 31 


11 Ammoniacal Sodium Hydrosulfite Pour 50 ml of diluted (1 50) ammonia solution 
upon 2 0 g of pulvemed N&iSiO* contained in a 100-ml beaker Cover at once with a 
layer of paraffin oil Dissolve by stirring with a rod for a few seconds 
** Van Slyke J Biol Chem . 73, 695 (1927) 

* 7 Van Slyke J Biol Chem. 83, 449 (1929) 

** Van Slyke and SeDdroy J Biol Chem 84, 217 (1929) 

** Van Sly ke and Hawkins J Biol Chem 79, 739 (1928) 

40 Van Slyke and Hawkins J Biol Chem , 83, 51 (1929) 

41 Hastings and Avery J Biol Chem 94, 273 (1931) 

47 Kramer and Gittleman Proc Soc Expll Biol Vcd , 24, 241 (1926) 

4 * Raymond J Biol Chem 83, 611 (1929) 

44 Van Slyke J Biol Chem , 83, 425 (1929) 

41 Baernstem J Biol Chem 89 125 (1930) 

44 Van Slyke and Hanko J Biol Chem 95, 5G9 587, 599 (1932) 

47 Van Slyke Page Irvine, and Kirk J Biol Chem , 100, xcm (1933) 

49 Scndroy J Biol Chem 109, lxxu (1935) 

49 Kirk J Biol Chem 106 191 (1934) 

*• Van Sly ke, Dillon MacPaydea and Hamilton J Biol Chem 141, G27, 671 (1941) 

* l Hoagland J Biol Chem 136, 543 (1940) 

** Hoagland J Biol Chem , 136 553 (1940) 

** Hamilton and Van Slyke J Biol Chem , 150. 231 (1943) 

04 Van Sly ke, MacFay den, and Hamdton J Biol Chem 150,251(1943) 

** \an Slyke and Archibald J Bid Chem , 165, 293 (1946) 

“ Van Sly ke, Steele, and Plazin J Bid Chem , 192, 769 (1952) 
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Energy Metabolism 


Historical. Combustion m living beings Mas first descnbed by Lavoi- 
sier (1743-1794) This brilliant chemist discovered the true nature of 
oxygen, and how its union in the body with carbon and hydrogen resulted 
in the formation of carbon dioxide and water and in the production of 
heat In experiments on man he determined that oxidation was increased 
by food, by a cold environment, and by muscular work He knew the 
main constituents of the atmosphere and that nitrogen played no active 
part in animal respiration Lavoisier was under the false impression that 
oxygen decomposed some fluid in the lung causing the liberation of 
hydrogen and carbon with the subsequent oxidation of these elements and 
their excretion as carbon dioxide and water in the expired air Scientists 
of a later date abandoned the theory of oxidation in the lungs, and favored 
the blood as the site of these chemical changes This behef was strength 
ened by the discovery of gases in the blood by Magnus m 1837 Later it 
became known that, for the most part, oxidation occurs m the tissues 
and that the blood simply carries the gases to and from the lungs 

In 1842 Liebig announced that the substances burned in the body w ere 
carbohydrate, fat, and protein, and suggested that the urinary nitrogen 
would serve as an index of the extent of protein destruction Ten years 
later Bidder and Schmidt described protein metabolism, and shortly 
afterwards Carl Voit measured protein waste by determining the amount 
of nitrogen m the excreta Yoifc made the important discovery that mus- 
cular exercise did not mcrease protein metabolism During many years of 
careful work, Rubner, a pupil of Voit, determined the fuel values of the 
foodstuffs and by means of a respiration calorimeter show ed that the heat 
production as calculated from the respiratory exchange was the same as 
that obtained by the direct measurement of the heat given off by the 
body In 1SS3, Rubner demonstrated the relationship between the surf ice 
area of the body and the heat production, thus providing a basis for com 
panson of the metabolism of different mdiv iduals 

In 1913 DuBois devised the most satisfactory method for estimating 
the surf ice area of the body, and later published normal standards of heat 
production for males and females, the accuracy of which has been, fairly 
well established 

In Vmenca, Atwater, Vrmsby , Benedict, Lusk, DuBois, and their manj 
associates have added valuable contributions to the knowledge of normil 
metabolism Benediet and those assoeiuted with him in the Carnegie 
Nutrition Laboratory have m addition perfeeted \ anous forms of respiru- 
723 
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tion apparatus, and they are chiefly responsible for the extensive use of 
calorimetry in the clinic 

Physical and Chemical Bases of Animal Calorimetry. 

Gases Gases are compressible fluids The molecules of which they are 
composed are in constant motion and tend to disperse The gas therefore 
expands and fills all parts of the containing vessel and exerts pressure upon 
the enclosing walls Heat increases the tendency to expand and so in- 
creases the pressure unless the container permits the gas to assume a larger 
\ olume If the temperature remains constant and pressure is applied to 
the container, the molecules arc forced closer together and the volume is 
decreased Therefore, when we speak of a volume of gas, we must also 
state the temperature and pressure under w hich it w as measured Regard- 
less of the experimental conditions of measurement, gas volumes are 
always recorded as the volume at standard temperature (0° Centigrade 
or 273° Absolute) and standard pressure (7G0 mm of mercury at 0° C ') 
This is sometimes referred to aa standard conditions or as N T P (normal 
temperature and pressure) 

I! the temperature is kept constant, the volume of a gas vanes inversely 
with the pressure (Boyle ’ 9 Law). Therefore, to express a volume of gas, 
measured at some other pressure, as its v olume at 7G0 mm , the formula is 

„ , Pressure (corrected) 

Volume X = Volume at 7G0 mm 

If the pressure on a gas remains the same and the temperature changes, 
the volume of the gas will vary directly 1^73 (or 0 00307) of its volume at 
0° C for each degree of change in temperature ( Charles’ or Gay Lussac’s 
Law) The coefficient of expansion of nearly all gases is 0 Q03G7 
To convert the volume of a gas at temperature 1° C , and at constant 
pressure, to its volume at 0° C , the formula 13 


Volume X 2 73 " ^ t ° c = Volume at 0° C 

'I he two conversion equations given maj be combined into a single 
equation as follows 

P X \ 7 GO X Vo 

273 + i = 273 


where I* and V represent the experimentally determined pressure and 
volume, corrected if necessary, at the temperature 1° C , and Vo represents 
the volume under standard conditions 
If a volume of gas is in contact with water, evaporation continues until 
the tendency of the water to evaporate is equal to the tendency of its 
vapor to condense at which time the gas 13 said to lie saturated with 
water vapor The total pressure of the saturated gas and water vapor is 


1 T1-* r««ait>x on • UumkIi Lsfoiur (rr u 
by lb» u«« o( » r> rrrrUoa tftU* 

<4 n*»> ru( x if tl* Utn^rf JUIU* ttr- 

«f (Uiw-Uj or j>L >»w». Sr* *l*a p cuT 


1 i-orrrrt f a ui 1> on * tem{*r*lure «" I urt 
»t irli »«e« Ibe 1« ft l»t kt wliitU ll* «• lu“ " 
*• 0* t l or .ucb a t*U* refer to » luoiJbo* k 
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equal to the sum of the pressures of the gas and of the. water vapor 
(. Dalton’s Law). These are spoken of as partial pressures. The partial pres- 
sure of the water vapor increases with temperature. To determine the 
pressure of the gas in a dry state, the partial pressure of water vapor at 
the given temperature (see p. 709) must be deducted from the barometric 
pressure. 

Example. The expired air of a man has a volume of 100 liters, the tem- 
perature in the gasometer is 22° C., and the brass, scale barometer reads 
767 mm. The pressure of expired air, dry , is: 

767 mm. - 2.72 - 19.63 = 744.65 mm. 

Barometric correction Water vapor 

The volume of dry air at 0° C. and 760 mm. is: 


100 X 


744 65 
760 


X 


273 

273 + 22 


= 90.66 liters 


Equal volumes of different gases or vapors under like conditions of tem- 
perature and pressure contain the same number of molecules ( Avogadro’s 
Law). Thus the density or mass per volume of any gas or vapor will depend 
upon the weight of its molecule. The molecular weight in grams of any gas 
or vapor has a volume of practically 22.4 liters at 0° C. and 760 mm. 
Hence the density of 1 liter of a gas at 0° C, and 760 mm. is molecular 
weight + 22.4. 

Density of Gases at 0° C. and 760 mm. 


1 liter of oxygen weighs 1.4292 g. 

1 g. of oxygen occupies - = 0 6997 liter 

1 liter of carbon dioxide weighs 1.9652 g. 

1 g. of carbon dioxide occupies ^ = 0.5089 liter 

Heat. The heat which we recognize by temperature is the energy of 
molecular motion. This property is imparted to matter by chemical ac- 
tion, electric currents, and mechanical work. In animals the chemical 
source only need be considered and we may confine our attention to that 
form of combustion in which the substance finally appears in the com- 
pletely oxidized form. 

In animal calorimetry the unit of heat is the large Calorie, abbreviated 
Cal., which is defined as the amount of heat necessary to raise the tem- 
perature of 1 liter of water from 15 Q C. to 16° C. 

Heal of Combustion in a Calorimeter. 

1 g. of hydrogen gas produces 34.5 Cal. 

1 g. of charcoal produces 8.0 Cal. 

1 g. of starch produces about 4.2 Cal. 

1 g. of glucose produces about 3.7 4 Cal. 

1 g. of sucrose produces about 3.96 Cal. 
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Heal of Comhubhon in Animals 

1 g of a\crage carbohydrate produces about 4 Cal 
1 g of a; crage fat produces about 9 Cal 
1 g of average protein produces about 4 Cal 

Oxidation of Carbohydrates. Carbohydrates, by the processes of di- 
gestion, undergo hydrolytic cleavage if necessary and are absorbed 
through the intestinal nail into the blood mainly in the form of glucose 
Itnder normal conditions the blood contains 0 1 per cent or less of this 
sugar m the free state, over 300 g or more may be stored as glycogen m 
the body tissues, principally in the muscles and liver Glycogen is readily 
reconverted to glucose and it serves as a deposit to be drawn upon m an 
emergency Glucose is the favonte body fuel, and is used prodigally 
when the supply is plentiful and thriftily in periods of starvation 
The oxidation of glucose is represented as follows 

CtHiiO* -f GOj = GCOj + CHjO 

Molecular weight* m grams ISO 102 2G4 108 

Heat and volume equivalents 073 2 Cal 134 34 liters 134 34 lit^ra 

Heat and volume equivalents 5 011 Cal per 1 liter 1 liter 

Carbohydrates contain hydrogen and oxygen in the same proportion 
as is found in water \\ hen these substances bum, outside oxygen is used 
to unite with the carbon, forming a volume of carbon dioxide equal to the 
volume of oxygen absorbed The ratio of the volume of carbon dioxide 
produced to the volume of oxygen absorbed is known as the respiratory 
quotient (Jt Q.) This lias a different value for each of the major food com- 
ponents ami serves to determine what substances arc being burned from 
the above cqu ition it is seen that the respiratory quotient for glucose is 

=10 and that 1 liter of oxygen represents a liberation of o Oil Gal 

Uj 

In animal calorimetry the heat equivalent of l liter of oxygen is generally 
accepted as 5 017 Cal when carbohydrates are burned m the body 
Oxidation of Fats. 4 he fats and oils of our food are largely mixtures of 
palimtui, stearin, and olein (see Chapter 3) These substances arc of smu- 
lar ihunical composition and when they undergo oxidation they y* c ^ 
about the same amount of heat After absorption, fat passes from the 
blood to the tissues where it is cither humid or stored for future use 
Tats have a high fuel value and thev are continually being u-ul by thc 
body for tins purpose In the ab < net of carbohydrates, fats supply ovt* 
bO per tent of till body hr it 

tat comt ustion is usually reprt m. ntod by the oxidation of palmltm 
follows 

2 1 , ^ M./Ot - ur-CO, + JblljO 

\toU< Uc 1$ \ «a Rjwn. 1012 4010 41SS t7t>4 

ll«l l ,ZXl 4 C al *2lO*lcUr» 21S.4 J l »<•« 

HcUalidu. IG^tal (rf-rllit.r 0'OlH‘f 

1 m tl i atm e equation it 11 w-cn tb it when p dinitili is \ limed the 
r.'i.irvt« r> quitimt i«U 7tt» and that 1 hu r of absorbed oxygen lils-raU-s 
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\n\ltsis op the Oxidation of Mixtures op Carbohydrate and Fat* 
(Table of Zuntz and Schumburg modified by Lusk) 



Percentage of Total 
Oxygen Consumed 

Percentage of Total 
Heal Produced 

Cal per liter of O - 


Carbo- 

hydrate 

Fat 

Carbo- 

hydrate 

Fat 

Number 

Log 

Log + 
log 60 

0 707 

0 

100 00 

0 

100 00 

4 bSb 

670S0 

44895 

71 

1 02 

99 00 

1 10 

98 90 

4 690 

67114 

44929 

72 

4 44 

95 60 

4 76 

95 20 

4 702 

67228 

4o043 

73 

7 85 

92 20 

8 40 

91 60 

4 714 

67342 

45157 

74 

11 30 

88 70 

12 00 

88 00 

4 727 

67456 

45271 

75 

14 70 

85 30 

15 60 

84 40 

4 739 

67569 

45384 

7G 

18 10 

81 90 

19 20 

SO 80 

4 751 

67682 

45497 

77 

21 50 

78 50 

22 SO 

77 20 

4 764 

67794 

45609 

78 

24 90 

75 10 

2b 30 

73 70 

4 776 

67906 

45721 

79 

28 30 

71 70 

29 90 

70 10 

4 788 

680 18 

45833 

SO 

31 70 

; 68 30 

33 40 

66 GO 

4 SOI 

68129 

45944 

81 

35 20 

64 80 

36 90 

63 10 

4 813 

68241 

46056 

82 

38 60 

61 40 

40 30 

59 70 

4 S2o 

683o2 

46167 

83 

42 00 

58 00 

43 SO 

06 20 

4 838 

684 63 

46278 

84 

45 40 

54 60 

47 20 

52 SO 1 

4 850 

68573 

46388 

85 

48 80 

51 20 

50 70 

49 30 

■J 662 

6S683 

46498 

86 

52 20 1 

47 SO | 

54 10 

45 90 

4 875 

68793 

46608 

87 

55 60 

44 40 

57 50 

42 50 

4 S87 

6S903 

46718 

88 

59 00 

41 00 

60 80 

39 20 

4 S99 

69012 

46827 

89 

62 50 

37 5Q 

64 20 

35 80 

4 911 

69121 

4693G 

90 

65 90 

34 IQ : 

G7 50 

32 50 

4 924 

69230 

47045 

91 

69 30 

30 70 | 

70 SO 

29 20 

4 936 

69339 

47154 

92 

72 70 

27 30 

74 10 

25 90 

4 948 

69447 

47262 

93 

76 10 

23 90 

77 40 

22 60 

4 961 

G9555 

47370 

94 

79 50 

20 50 ; 

SO 70 

19 30 

4 973 

69663 

47478 

95 

82 90 

17 10 

84 00 

16 00 

4 985 

69770 

4758o 

96 

86 30 

13 70 1 

87 20 

12 SO 

4 993 

69S77 

47692 

97 

89 SO 

10 20 

90 40 

9 58 

5 010 

69984 

47799 

9S 

93 20 

6 S3 

93 60 

G 37 

5 022 

70091 

47906 

99 

96 60 

3 41 

96 SO 

3 18 

5 035 

70197 

4S012 

1 00 

100 00 

0 

100 00 

0 

5 047 

70303 

48118 


* The last column lias been added to facilitate the expression of oxj gen absorbed per 
minute in terms of Calories per hour Characteristics are onuttod (see last paragraph 
P 741) 
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i Ojo Cal Zuntz and Sthumburg obt tmc-d shrilly different figures U>r 
the oxidation of fat m the body In thar work the respiratory quotient 
was found to be 0 707 and the heat value for 1 liter of oxy gen 1 W>G Cal 
If only mixtures of carbohydrate and fat were oxidized, the respiratory 
quotients would vary between 0 707 and 1 00, and from their value it 
should be possible to determine the proportions of e uh of the*, foodstuffs 
burned A table analyzing the oxidation of such mixtures on the basis ol 
the so-called nonproletn respiratory quotient was prepared by Zuntz and 
Schumburg and modified by Lusk (sec p 727) 

Protein Metabolism. Proteins in the diet arc completely broken down 
m the gastrointestinal tract to the form of ammo acids, m whuh form 
they arc absorbed into the blood and pass to the various parts of the 
body Here they may be utilized either for incorporation into new tissue 
protein which is continually being broken down and resynthesized, or 
they may undergo metabolic reactions leading to the formation of non- 
protcin nitrogenous compounds of importance to the body, such as 
creatine, thyroxine, adrenaline, etc Presumably they may also be utilis'd 
for the direct production of energy, although under ordinary circum- 
stances protein is not considered to be primarily a fuel Regardless of the 
intermediate steps in protein metabolism, which are discussed in detail 
in Chapter 33, the end products of protein breakdown in the animal body 
include not only carbon dioxide and water, as for carbohydrates and fats, 
but also the urea of the urine and certain other nitrogenous constituents 
of the urine and feces, as well as such compounds as urinary sulfate pro- 
duced by the oxidation of sulfur-containing amino acids lienee to evalu- 
ate the contribution of protein to the total metabolism, and to dis- 
tinguish it from the nonprotcin metabolism the analysis of urine and 
feces is necessary in addition to the measurement of the respiratory ga* 
exchange 

A computation of protein metabolism by Loewy is as follows 
100 g cl meat protein contains 


52 38 g C 7 27 g H 

22G8 g O 

JGGog N 

I 02 g S 

of which there are eliminated in the 

urine 



9 400 j, C 2G(»3g It 

14 099 g O 

1G 28 g N 

1 02 g S 

in the feces 




1 471 g C 0212 g It 

0 889 g O 

0 37 K \ 



lea\ lr g a residuum for the respiratory process of 


41ogC 44 g H 7C9 g O 
Deduct intramolecular water 

0901 e. II 7 GO g o 

leaving 


415 g C 3 439 g H for oxi lation 
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When COi is formed, 12 g C unite with 32 g O 

32 x 41 5 

Therefore 41 5 g C unite with ^ = 110 67 g O 

When HjO is formed, 2 g H unite with 16 g O 

Therefore 3 43D g H unite with = 27 512 g O 


Total oxj gen absorbed . 138 18 g 

Total carbon dioxide produced 41 5 g C + 110 67 g O = 152 17 g 

In the computation abo\ e, 1 g of urinary nitrogen represents 

100 e protein „ , _ . , 

^ -- = 6 15 g of muscle protem 

138 18 g O, „ ... , ^ t , ,, 

^23 = 8 49 g of O* absorbed 

152 17 g CO* n „, r „„ , . 

1028 = 9 35 g of CO* produced 

6 15 g protein X 4 25 (Cal ) - 26 14 Cal 
8 49 g O* X 0 6997 (liters) =» 5 94 liters of 0* for protem 
935 g COi X 05089 (liters) *= 4 76 liters of CO t from protein 

Respiratory quotient for meat protem = — ® = 0 801 

Based on the analytical figures for the average protein it is estimated 
that 1 g of urinary nitrogen represents the metabolism of 6 25 g of pro- 
tein, the absorption of 5 91 liters of oxygen, the production of 4 76 liters of 
carbon dioxide, and the liberation of 26 51 Cal 

An example of the practical application of the above constants is as follows 
A man (aged 38 5 yrs , height 159 cm weight 90 lb ) was tested 14 hours after 
the last meal An anal} sis of the urine show ed an excretion of 0 16 g of nitrogen per 
hour The total respiratory exchange showed an absorption of 12 52 liters of oxygen 
and the production of 9 3 liters of carbon dioxide per hour 
0 16 g of Urinary nitrogen represents 

0 16 X 6 25 = 1 g of protein metabolized with the absorption of 

0 16 X 5 91 = 0 95 liter of O* the production of 

0 16 X 4 76 = 0 76 liter of CO*, and the liberation of 

0 16 X 26 51 = 4 24 Cal 

Total CO* (or O*) — protem CO* (or O*) = nonprotein CO* (or O*) 

9 3 liters CO* - 0 76 liter CO* = 8 54 liters CO* 

12 52 liters O* - 0 95 liter O* = 11 57 liters O, 


8 54 liters CO* 
11 57 liters O* 


= 0 74 (nonprotein RQ) 


From Zuntz and Schumburg s table (modified by Lusk, see p 727) it is seen that 
when the nonprotein UQ is 0 74 1 liter of O* represents the liberation of 4 727 Cal , 
and 12 per cent of the nonprotein heat comes from carbohy (Into and 88 per cent from 
fat 

11 57 liters O* X 4 727 = 54 60 Cal (nonprotein) 

12 per cent of 54 6 ) = G 50 Cal from carbohydrate 
S3 per cent of 54 00 = 48 H Cal from fat 
54 69 + 4 24 (protem Cal ) = total of 58 93 Cal per hour 
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In this computation 7 per cent ot tho lioilj heat »m, denied from the combustion of 
protein, 11 per cent from carbohydrate, and 82 per cent from fat 

As Richardson points out, the measured respiratory quotient is not 
necessarily the metabolic quotient and gives no information concerning 
the intermediate steps m the conversion of consumed 0 2 to C0 2 Non- 
oxidative processes which promote C0 2 production, such as acid forma- 
tion (e g , diabetes or excessive muscular activity) or aud retention (c g , 
nephritis), and conditions which diminish the C0 2 output (e g , insulin or 
alkali therapy, etc ) exercise an important influence on the respiratory 
quotient Taking these factors into account, however, studies of condi- 
tions of abnormal carbohydrate and fat metabolism such as diabetes and 
ketosis, and of the physiology of food utilization and muscular activity, 
have been greatly advanced by measurements of the respiratory quotient 
Respiration. The ventilation of the lung and the exchange of gases 
between the alveolar air and the blood are usually referred to as external 
respiration, as contrasted with the exchange of gases in the tissues, known 
as internal respiration (sec Chapter 12) Any disproportion between 
external and internal respiration affects the oxygen or carbon dioxide 
content of the blood The tension of oxy gen in the blood is lowered when 
the lungs are extensively disordered, as in pneumonia, and during periods 
of supreme muscular effort, under these conditions the oxygen require- 
ment of the tissues is greater than the oxygenating power of the lung An 
unusual increase m the supply of oxygen in the lung has but a very slight 
effect on the tension of oxygen in the blood, and practically no effect on 
the rate of combustion in the tissues Of greater interest is the carbon 
dioxide tension of the blood, which is nicely regulated by an adjust- 
ment of the ventilation of the lung, and of the circulation of the blood, 
so that these mechanisms parallel the rate of combustion in the tissues 1 
There is a general parallelism between the heat production, the heart 
rate, and the ventilation rate However, the heart rate is not solely deter- 
mined by the requirements of respiration, and ventilation can be volun- 
tarily controlled A rapid heart and an increased ventilation rate make 
one suspect that the metabolism is increased, but the rate of heat pro* 
duction cannot be predicted from these phenomena 

External Respiration Atmospheric air is of very constant composi- 
tion the world over Advantage is taken of this fact in computing the 
respiratory exchange, that is, the amount of oxygen absorbed and the 
amount of carbon dioxide produced in a giv en time 
Atmospheric air has the following composition 


Carbon dioxide 0 03 pcr ^nt 

Oxygen 20 94 per cent 

Nitrogen 79 03 per ccn t 

Under ordinary conditions, at each breath a person inspires about 500 
ml of air and of this amount only 350 ml actually enter the lung and 
diffuse more or less with the 3000 ml already there The expired air in- 
cludes the 140 ml of the “dead space” and 350 ml of partially mixed air 


* For further diacui^ion of the gas exchange in blood and tissues see Chapter 24. 
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from the lung (see Fig 195). Expired air contains about 16 per cent 
ovy gen, 4 per cent carbon dioxide, and 80 per cent nitrogen 

If we exhale forcibly and collect the last portion, the so-called alveolar 
air, we find that it contains about 14 5 per cent of oxj gen and 5 6 per cent 



Fig 195 Inspired vnd Expired Air 
The tidal air is that which eaters and leases the body with each 
normal respiration The supplemental air is that which can be 
forcibly expired after a normal tidal expiration, this lea _ \ es m the 
lungs the residual at r which cannot be \oluntanly expelled The 
complemenlal air is that which can be forcibly drawn into the 
lungs o\ er and abo\ e a normal tidal inspiration The vital capacity 
is the greatest a olucie of air which can be expired following a forced 
inspiration, it includes the tidal, the supplemental and the com- 
plcnvental \ olnmes 

The inspired or atmospheric air is of constant composition The 
composition of the expired air is not constant, it is determined by 
the \arjmg factors of combustion m the tissues the rate of blood 
flow, and the rate of xentifation in the lung The ahcolar air is the 
last portion of the supplemental air to be expired and represents 
the composition of the residual air, and its gases are m equilibrium 
with the arterial blood The blood in its passage through the lung 
gn es off carbon dioxide and absorbs oxj gen 

of carbon dioxide That is, the air deep m the lung, w here it comes in close 
proximitj to the blood, has the greatest concentration of carbon dioxide 
and the lowest concentration of oxjgen These ga^es are m equilibrium 
with the gases m the arterial blood 
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Fig. 195 show 8 that after an ordinary expiration, 1500 ml. of additional 
air can be forcibly expired; then, if the greatest possible inhalation i» 
made, almost 4 liters of frcsli air can be draw n into the lungs. This greatly 
dilutes the carbon dioxide in the alveolar air and induces a rapid passage 
of the gas from the blood. If forced breathing is continued, a large amount 
of carbon dioxide, which is ordinarily stored in the blood, is in this manner 
“washed out’* and may be erroneously regarded as carbon dioxide pro- 
duced during a period of a metabolism test. 

The increased supply of oxjgen due to forced ventilation has no effect 
on metabolism tests; in fact, as has previously been stated, one can 
breathe pure oxygen without appreciably increasing its absorption. This 
fact is taken advantage of in the “closed circuit” types of respiration 
apparatus which require the rebreathing of air rich in oxygen. 

Nitrogen plays a passive role in respiration; the amount expired is the 
same as the amount inspired. As there is a definite proportion between 
the oxygen and the nitrogen of the atmosphere, it is possible to calculate 
the amount of oxygen inspired on the basis of the nitrogen in the expired 
air. The formula is: 

20 9t X per cent N s in expired air 
79 03 “ 

when V - volume of oxygen in inspired air corresponding to 100 volumes 
of expired air. 

It must be emphasized that in order to measure successfully the carbon 
dioxide produced during a metabolism test of short duration, ventilation 
must be an involuntary act 

Energy Requirement. The energy requirement of the animal body 
may be divided into two functional classifications, viz , that for basal 
metabolism and that for active work Basal metabolism includes the 
energy expended in respiration, blood circulation, intestinal contractions, 
activities of various organs, maintenance of muscular tonus, thermal 
equihbnuro, etc. The basal metabolic rate is influenced by the amount of 
active protoplasmic mass (hence by height, weight, surface area, age, 
sex, composition of the tissues, etc ) and is governed by endocrine organs, 
particularly the thyroid and pituitary glands For a discussion of the 
clinical aspects of basal metabolism and its measurement, see p. 734. 

The energy consumed in work, play, and indeed all forms of voluntary 
activity, imposes an additional requirement for fuel over the basal, which 
depends on the nature and extent of the muscular work Whereas an 
average man expends about 100 Cal per hour while sitting at rest, his 
metabolism may increase to as high as six times this value with extreme 
physical effort 

Mary Swartz Itose summarized the hourly expenditure of Calories of 
an average /0-kg man under various conditions as follows: sleeping Go, 
awake lying still 77, sitting at rest 100, standing relaxed 105, walking 
slowly to moderately fast 200-300, running 5 3 miles per hour 570, swim- 
ming 500, walking down stairs 304, walking up stairs 1100, “light exer- 
cise” 170, “active exercise” 290, " very severe exercise” GOO, dishwashing 
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144, carpentry or painting 240, sawing wood 480. From estimates such as 
these one may predict the calorific content of the diet necessary to meet 
individual requirements. An example for a 70-kg. man is given by Sher- 
man as follows: 


8 hrs sleep at 65 Cal. — 520 Cal. 

2 hrs. light exercise* at 170 Cal. =» 340 Cal 
8 hrs carpenter w ork at 240 Cal. = 1920 Cal. 

G hrs. sitting at rest at 100 Cal. = 600 Cal. 

Total food requirement for the day, 3380 Cal. 

The total energy requirement of different types of workers ranges from a 
minimum of 2000 to 2500 Cal. per day (white-collar workers) to a maxi- 
mum of 4000 to 6000 (lumbermen, excavators, etc.), of which about 1400 
to 1900 Cal. are consumed in basal metabolism and the balance in various 
forms of activity. 

Food calories consumed in excess of an individual’s energy requirements 
are deposited principally in the form of adipose tissue which is drawn on 
for energy when the dietary intake of calories falls below the expended 
level. A deficit of approximately 3500 calories is required to deplete the 
body of one pound of adipose tissue When the fat depots are exhausted, 
as in acute inanition, muscle protein is used as a source of energy. 

BASAL METABOLISM 

Basal metabolism, or the basal metabolic rate, is an expression of the 
heat production of the body in complete mental and physical repose, and 
in the postabsorptive state. For a successful test the subject must be in a 
“comfortable” environment, if “too hot” or “too cold” the result will 
be abnormally high. The body temperature must be within the normal 
limits. DuBois estimates an increase in metabolism of 7.2 per cent 
for each degree Fahrenheit in fevers. The patient must be quiet and prefer- 
ably experienced with the test. Mental activity alone has but a slightly 
elevating effect upon the heat production. Emotional excitation wall 
raise the metabolism 20 per cent or more probably owing to the stimula- 
tion of the adrenal glands. The emotional factor constitutes the greatest 
source of error in basal metabolism determinations. It is not difficult to 
insure muscular repose and physical comfort, but it requires the utmost 
sympathy and tact to allay the apprehensions of the patient and insure 
physiological repose. A common practice is to test the patient repeatedly 
and to accept the low est or the last result as the true basal rate; the fallacy 
of this is obvious when one considers that the number of such tests is 
usually determined by the endurance of the patient. DuBois conducts 
three or four tests and takes the average of the tw o low est that show' fair 
agreement. Even nnder favorable conditions it is possible, in unstable in- 
dividuals, to get variations as high as 6 per cent in as many hours. These 
variations are physiological, not technical; the technique is more accurate 
than our ability to recognize or control emotional changes. 


* Going to and Irom work, lor example. 
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Clinical Interpretation of Basal Metabolism. In 1893 the chmcal 
use of calorimetry was presaged by Fnednch Muller, Mho observed that 
patients with Graves's disease lost m eight and had a marked nitrogenous 
^aste despite the fact that the diet Mas adequate to maintain a normal 
state of nutrition This observation Mas soon \e nfied by Magnus-Lev> , 
who determined the nou m ell known action of the thyroid gland m 
regulating the rate of combustion in the body It is true that other factors 
affect the rate of heat production and that certain well recognized diseases 
are accompanied by metabolic changes, but in the majority of cases i aria 
tions in the basal metabolism can be interpreted as variations in the function 
of the thyroid gland 

In an extensive study of basal metabolic rate determinations, Bootnbj 
and Sandiford showed that 92 1 per cent of normal individuals have a 
basal metabolic rate within + 10 per cent, and 99 3 per cent within ± lo 
per cent of the DuBois standards They found that a smaller percentage 
of these same subjects had basal metabolic rates within the same limits 
when the Harris and Benedict standards were used These standards are 
discussed in the following section 

In clinical cases the basal metabolism may vary from 40 per cent below 
to 130 per cent above the average normal In this discussion a tabulation 
of the findings in various disorders is avoided because standing alone the 
\ alues are misleading If no other cause can be found for an abnormal heat 
production the result may be cautiously attributed to a disordered activ 
lty of the thjroid gland Glands other than the thyroid may affect the 
rate of cellular combustion but at the present time we know of onlj two 
bod> substances which change the rate of heat production namely 
thyroxine and adrenaline The latter has a rapid but fleeting stimulating 
effect, the effect of the former lasts for several weeks When the activity 
of the adrenal glands is decreased as in kddison s disease the basal 
metabolism is found to be subnormal Hyperactivity of these glands ma> 
account for the temporary increase in metabolism occasional!} found in 
nervous patients who also show corresponding variations in pulse rate 
and in blood pressure 

The basal metabolic rate does not establish a diagnosis of hyperthyroid 
ism V patient afflicted with hyperth} roidism may be tested during 
intermission and the basal metabolism w ould be within the normal Unut» 
despite the persistence of such clinical signs as nerv ousness palpitation 
tremors and exophthalmos Conversely the test may detect active 
hj perthj roidism in patients showing few of the classical symptoms of the 
disease The test does not tell the surgeon when it is safe to operate 
upon the patient it informs him when it is least dangerous He must base 
las operative prognosis upon the chmcal condition of the patient and not 
upon the basal metabolic rate 

The onset of hj perthj nudism is accompanied by a progressiv e increase 
m heat production winch maj reach over 100 per cent above the average 
normal and per ist for weeks after the glandular activity has subsided 
nartfere repotted t<sts ire necessary m order to follow the course of 
the duaisc an inerta. ing rate indicates an active state of the gland and 
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naturally precludes operative intervention, a decreasing rate gives a 
more hopeful outlook 

The pulse rate is largely dependent upon the rate of metabolism 
Clinically, a decreasing pulse rate indicates a subsidence of the hyper- 
th> roidism Few patients w ith pulse rates below 50 ha\ e a basal metabolic 
rate above the average normal and few patients with pulse lates below 85 
ha\ e any considerable increase in their metabolism 

Heat comes from oxidation in the active protoplasmic tissue of the 
body The rate of heat pioduction is not determined by surface cooling, 
as one method of measurement w ould seem to imply (see footnote 17, p 
738) , m reality, heat dissipation is regulated according to heat production 
Any rapid change in the relative amount of protoplasmic tissue will cause 
changes m the basal metabolic rate w hen expressed in terms of w eight or 
surface area This partly explains the gradual drop m the basal metabolic 
rate during the glandular and muscular waste of starvation and m hospital 
patients during their early confinement to bed A rapid accumulation of 
fluid m the body has a similar effect and it is quite common to find 
nephntics w ith marked edema ha\ mg a basal metabolic rate 20 to 30 per 
cent below the average normal This must not be interpreted as a sign of 
hypothj roidism 

Under the basal conditions we measure the heat resulting from ac- 
tivities of the vital organs and from the intracellular chemical changes 
associated with life, growth, and development These facts must be 
borne m mmd and due allowance made for any unusual activity before 
the lesults are attributed entirely to the thyroid gland Dyspnea, hyper- 
tension, cardiac decompensation, and tremors m\ olve increased muscular 
activity and so raise the heat production Certain diseases are character- 
ized by increased cellular activity and in these cases the heat production is 
increased The most outstanding of this group is leukemia, m which 
disease the basal metabolic rate may be as high as m severe Graves’s 
disease Polycythemia, anemia, and Paget's disease of the bones are 
other conditions m which the increased heat production pi obahl) resuits 
from increased cellular activity In this group possibly belongs the acute 
stage of acromegalj In these conditions the basal metabolism is rarelj 
over 25 per cent above the average normal The possibility of self- 
admmistr ition of drugs such as iodine or thyroid extract must be con- 
sidered in the interpretation of basal metabolic rate 

Trora birth to the age of one and a half jears the basal metabolism in- 
creases at a remarkable rate This is followed by a gradual decline until 
full growth and development are attained, constancy characterizes the 
rate in adult life, with a slight decline as old age advances 4 Variations in 
the rate of growth and development in childhood cause abnormal results 


* Of interest in tins connection are tlie observations of Benedict Sherman Campbell 
and Zmachinskj (J \utnhon 14 17 J (1937)) that middle-aged male rats not pronousl> 
exercised were unable to adjust themsel\es to Mgorous enforced exercise and declined 
rapidl) whereas female rats were benefitel bj mi ular treatment showing a distinct 
ten dene j to lower basal n etabolisi i Basal metabolism in old age is the subject of a paper 
b> Matson and Hitchcock Am J Pkytiol 110 329 (1934) 
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»hen judged by the age btandard In prematurely developed children 
the basal^metabolrc rate is lem according to the age standard, but 
probably normal (or the stage of development if this could be accurate y 
expressed The difficulty in applying the test to children has resulted m 
paucity of normal tests and great variation in the results obtained Tb 
normal biological sanations are much greater in children than in adults 
and may be greater than the pathological changes anticipated by tne 
nhvsician Fortunately the test is rarely required before the age of puberty 
and the normal standards beyond that age are fairly uell established 
The metabolism of women averages about 12 per cent below that o 
men, and owing to the menstrual cycle, is more variable There is usually* 
though not in\anabl>, a premenstrual nse and a postmeustrual fall in 
the basal metabolic rate, which should be considered in the interpretation 

of results , ■ 

There is some evidence of lower metabolic rates among certain onenuu 
and tropical races 


Standards or Normal Basal Metabolibm and Calculations 4 The heat produc 
tion of normal individuals under basal conditions largely depends upon the factors 
of age height and weight The normal standards are based upon thousands of deter 
ruinations in several centers of investigation A better appreciation of basal conditions 
and the elimination of a high proportion of first tests has resulted in a tendency tow aru 
lower standards in recent years At the present time there are three different s> stems 
of predicting the normal heat production 

1 iu b and DuBou * determine the beat production m relation to the surface area 
of the body, the surface area is estimated by the DuBois and DuBoia 7 formula which 
is based on the height and weight 


A = X Ut * 7 “ X 71 84 

where A equals the area msq cm IFf the weight in kg and Hi the height in cm 
routine work the nomogram of Boothby and Sandiford* (Fig 19G) may be used for 
determining the surface area Stoner* has computed tables of v alues for this formula 
in unit cm and kg intervals for the height range of 110 to 200 cm and the weight 
range of 20 to 110 kg. 

The original BO-callcd Sage standards of Aub and Du Bo is have been modified ° B 
the 1 as s of larger numbers of normal controls Bailey s'* table cov ers the ages fro® 

4 to 05 in yearly intervals while Boothby and Sandiford 11 give values by years fro® 

5 to 19 and in 5-ycar intervals between 20 and 79 (see also table on p 738) These 
standards fad to reflect the modem downward trend hut since they are based ° n 
tests on patients they may be better suited for clinical purposes than lower standards 
l used on trained subjects 

2 The Harris- Benedict 11 multiple prediction equations and tables** are based on 

* 1 or pred ft ion tables of normal heat production reference should be made to booh* 
deal ne in ll is subject (see the Bibliography at tl e end of tl u chapter) 

•Aub and DuBou Arch IrUtrnal Med 1* 823(1917) 

* DuBou and DuBou Arch Internal Med 17 865 (1916) 

* Boothby- and Sandiford Dodon hfed Sura J 185, 337 (1921) 

* Stoner J Lab Cl n Med 11 3 oj (U2G) 

»♦ Bailey J Lab Cfm Mtd A &>7 (1921) 

* » Booth! y and Sand f rd Am J l kynd A* 290 See also Kroghs table ® 

DuBou Latal IfcWdun »n Health and Oueatt 3d ed 1 1 dadelphia Lea A Feb Z* T 
1936. 

* llarru and Bened ct ( arneffu Inti 11 ath I ul \ o 2"9 1919 

•Table* wl rb greatly wmpl fy tl • use of tl e*e formulas n ay be found in Carpenter 
Carnegte I net 11 a»A Pub No 303 1921 See also DuBou > book cited above 
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Fig. 196. Surface-Area Nomogram. 

A line connecting the height with the weight intersects the 
middle line at the corresponding surface area 

Copj right 1020 by Boothby uid Sandifonl. 
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a statistical sttidy of the a\ ailable data for the ba.sal metabolism of normal men and 

women Hie equations arc. 



For men, 11 =* CO 4730 + 13 751G1I 

+ 5 0033S - 6 75304 

For women, 11 = G55 0955 + 9 5G3411 

+ 1 84905 - 4 G7504 

in which 11 = total heat production 

per 24 hours 

, IP =* weight in kdograms, S 3 

stature in centimeters and 4 = age i; 

n y ears The Hams-Benedict standards a\ erage 

about 3 to 4 per cent lower than, the Sage standards, and according to Benedict'* they 
should be even lower, especially for women He recommends lowering the standards 

for women by 5 per cent Benedict calls attention to the distinction between "hospital 
normals” and physiological standards, the use of the former being justified for clinical 

purposes only 



Standard Valles rou Mean Lnlkgy 

Production in Relation to Age and Sex* 

\ge at LaJii 



birthday 

Calories per t( xa per hr 

Year 

Males 

Females 

a 

53 0 

50 0 

7 

52 5 

49 1 

8 

51 8 

47 0 

9 

50 5 

43 9 

10 

48 5 

43 8 

11 

47 2 

45 3 

12 

40 8 

44 3 

14 

40 4 

41 5 

IG 

45 7 

38 9 

18 

43 3 

37 0 

20 

41 8 

30 2 

25 

40 4 

35 9 

30 

39 0 

35 8 

35 

38 9 

33 7 

40 

38 2 

35 0 

30 

37 0 

34 5 

GO 

35 8 

.3.3 O 
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The method of predicting the normal heat production, and the normal standards, 
for infants and children are the subjects of sev eral papers ,s 
The Respiratory Quotient (R.Q.) This is the ratio of the \olume of carbon 
dioxide produced to the volume of oxygen consumed during the same time mtenal 

R q _ COt produced _ • volume CO* in expired air — v plume CO- in inspired air 
Oj consumed volume Oj in inspired air — volume Oj in expired air 

The measurement of the volume of inspired air is attended with technical difficulties 
However, the actual volumes of gas disappear from the working formula as demon- 
strated below If vv e let 


V, and V, = v olume of expired and inspired air 
C, and Ci = per cent CO s m expired and inspired air 
0 , and O t — per cent Oi in expired and inspired air 
N, and A, — per cent Aj in expired and inspired air 

we may rewrite the above equation as follows 


RQ 


C.V. - (\Vi 

~ o.r. - o.v . 


(D 


Since mtrogen is neither absorbed nor evolved its volume m inspired and expired air 
remains unchanged Therefore its percentage in inspired and expired air is in inverse 
ratio to their respective volumes That is 


A r , N. = V. Vi 



Substituting this value in (f) and simplifying we get 


RQ 


C.\, - C.\. 
“ O.Y. - 0,\, 


(3) 


Substituting the values given for the composition of atmospheric air (p 730) for 
0,, Ci and A,, We obtain 


79 03C. -0 03\. 

^ 20 94iY. - 79 030, 

Simplifying, 

C, - 0 00038V, 

^ 0 2C5\. -O. 

Since 0 00038-AT, nev er varies significantly from 0 03, we liav e finally 
rq _ 

w 0 265 V. -O. 


(3) 


W) 


From this equation it is possible to calculate R Q. simply from the COi and Oi per- 
centages in expired air, since A. is obtained by difference 

Basal Metabolism or Basal Metabolic Rate (B M R-) This may be defined 
as the percentile variation of the observed from the normal or predicted heat produc- 
tion for an individual of given height, weight, age, and sex in a postabsorptiv e state 
and in complete mental and phy sical repose The heat production for a giv cn period is 


** Talbot Phytiol Rett 5 477 (1925) Stark lm. J Physiol , ill, l>30 (1935), Talbot, 
Wilson and Worcester lm. J Ditcatet Child , 53, 273 (1937) Iaswis bailsman, and llifT 
/1m. J Ducatt* Child,, S3, 34b (1937) 
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obtained by multipljing the volume, at normal temperature and pressure, of ox>gcn 
consumed during that period by the calorific \aluc for oxygen corresponding to the 
observed (or assumed) R Q Basal heat production may l e < xprcsnrd on an hourly or 
daily basis The general formula for l seal metabolic rate is therefore 


B M 11 


_ znp? v 

7001 X 

Corrected uJumt 
oj Of contained 

in m nmulit 


COfor 1440) c 

m 

t actor fur tan Cat 

hourly {or daily) filer 

huu Of 


X ~ X 100 

ftolw C»«fr 

(4 turn la 

nurmal per 

heal (tnl 

produt boat* 


100 <•*) 


too par 


In thi3 equation, p is the barometric pressure in mm of mercury corrected for tension 
of aqueous vapor, v the observed volume, m liters, of ox) gen consumed during the 
basal test period, m the duration of the basal test period in minutes, t the absolute 
temperature (*C + 273), C the calorific value per liter of oxjgcn’* corresponding to 
the observed (or assumed) respiratory quotient (see the table on p 727, in the ox>gen 
consumption methods the It Q. is assumed to be 0 82, w hich corresponds to a calorific 
value per liter of oxygen of 4 823), and N, the normal or predicted basal heat pro- 
duction obtained from one of the v anous tables of standards 

In the usual form of oxygen consumption apparatus equipped with volumetric 
scales and COj absorbents, t> in equation (5) is obtained by subtracting the reading 
at the end from that at the beginning of the lest period 
When the gasometne method is employed, 
o — volume 0* in mspired air — volume 0» in expired air or 

9 - OOlOl Vi - 0 01O.V. M 


By substituting the value for F« as above, and simplif>mg 

» - 001V. (o,~ - o.) 


in which V. is the gasometer reading R multiplied by the gasometer factor, /, hence 
the volume of expired air in liters By further substitution of the v alues for Oi and A < 
given above, and simplifying 

r - 0 01/2/(0 2G5A, - O.) 

m which the variables are 1} JV« and O. This expression for v may be incorporated 
in equation (5) 

The Aub and Dulloit tablet give the normal heat production in Cal per sq m of 
body surface per hr (A) which when multiplied by the surface area in sq m <■$) 
gives the predicted hourly heat production Making the proper substitutions m the 
above equation and collecting constants we obtain the following simplified formula ” 

tmi>A 

In the Ham* and Benedict tablet for normal heat production the values are expressed 
on a 24-hour basis The coefficient in the equation becomes therefore 24 X 21»» * 
51720, and the equation is 


”. A ? , ?i rd !. n ? V* i,a Knus-lL«vy the metabolism of protein furnishes on the average 15 per 
i iV' taI , elJc ' rle8 This may be taken into account by using figures for the calorific 
*' SrnnJ “, nt lower than th °“ m the table on p 727 

1G4 flown L , H Ura J “*• 195 < 1923 > J L <*> Chn- Med . 12. S84 (1927) « 

™ ,hese and other simplifications in the calculations for respiratorj 

exchange, as well a. data cards which are very useful m routine practice 
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B M.B - S1 ™>l lC - 100 
tmH 

in which U represents the predicted 24-hour heat production 

In the oxygen consumption methods It Q is assumed to be 0 82 Hence 4 825 is 
substituted for C, m the aho\e equations (see the table on p 727) and the coefficients 
become 10,400 and 250,000 respectively Further simplification is attained in routine 


RESPIRATION LABORATORY 


n» 4677— 

n— Uarewral p. . . . . 

-..,770. 6-2,57-; 769 „ 

- — 20.5 c 


Agfa 32 Tgara, 2 

l., r.« Cm. 95697 

u« *~ — i* 1 1 961 59 

r.^-5 t p d 9626a 

l.n, 90124 

u< TJ<|> Q2048 

uL vZ^-i^_(«*)97t82 - 9.37 «. 

W * o. a-H-j -47567. 

u> O'AUmW (.Ji) 44749 260.8 .. 

L.«. CJ. OH-U* 40 - 4 536 4 . 

L., T~J CJ. J-r l._[.Jd) S0l33 -79.68 CJ. 

La, Surf... . .. 1 5836 

u, --L,. ( -M 74297 55.33 CJ. 



Tio 197 Fobm Sheet for Studi of Respiratory Metabolism 

practice by standardizing the basal test period and merging the \ alue for m into the 
coefficient 

The calculations may be performed either on calculating machines or logarithmi- 
cally , in which case fh e-plice tables are used and the characteristics omitted, since the 
decimal place may be pointed off m the final result by inspection. X form sheet for 
logarithmic computation described by Boothby and Sandiford is shown m Jig 197 
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The calculations involved in the interpretation of h»wgraph,c record, of respiratory 


exchange arc described in the legend to Fig 200 ,i„,i.rmincd by 

Hotuw and Animal Calorimltby The rate of combustion may bo determined^ 
directly measuring the heat given oil by the body Lvery anmial has an oplunmn icm 
peraturc and this temperature is maintained by a nice balance between the heat P 
duced by the life processes and the heat lost by the organism 51 Gcphnrt and V 
estimate that in man 24 per cent of the total heat loss results from the ev “P° rat >°" , 
w ater from the lungs and skin A small amount of heat is lost in w arming the ing 
food the urine the feces and at times the body itself, the remainder is lost by c 


duction and by radiation 

Lavoisier and Laplace measured the heat loss by placing a guinea pig m an 
chamber for ten hours and observing the amount of ice melted Ov er a period of manj 
years, the elaboration of this simple form of calorimeter has culminated in the co 
struction of the Atwatcr-Rosa-Bcncdict Respiration Calorimeter ** W ith this oPP a 
ratus the heat of the body is determined indirectly from the respiratory exchange^ 
and directly by a careful computation based on observations of all the known mean 
of heat loss * . 

The principle of this apparatus was applied by Armsby 1 * in the elaboration 
calorimeter for use with farm animals Benedict* 4 and associates also dev ised a respir a 
tion chamber for use with domestic animals This apparatus was later modified for 
use in human calorimetry ** Respiration calorimeters have provided the means o 
acquiring most of the present-day knowledge of energy metabolism They have been 
extremely valuable in proving the accuracy of indirect calorimetry f 

Because of the expense of installation and the technical difficulties of operation ° 
respiration calorimeters heat production is usually measured indirectly l e fr®® 
the gaseous exchange Two types of methods are in use (1) Open-circuit methods 
m which atmospheric air is breathed and expired air collected and analyzed, aD 
(2) closed circuit methods in which oxygen-enriched air is breathed and the con 
Burned oxygen measured The former procedure provides a more complete picture o 
respiratory exchange since it permits determination of the respiratory quotient On 
the other hand the closed circuit methods are much simpler technically and "here 
only total metabolism must be determined are equally satisfactory In the closed 
circuit method an av erage respiratory quotient of 0 82 corresponding to a calonnc 
value for Oi of 4 825 Cal per liter is assumed 

The various types of respiration apparatus on the market are simplified modiD' 
cations of Dr F G Benedict s** clinical respiration chamber 

Basal metabolism is usually determined in 10- to 15-mmute periods using either 
one of the Benedict closed-circuit methods as developed m the Carnegie Nutrition 
Laboratory or a modified Tissot or open-circuit method Obviously the determination 
of urinary nitrogen in such tests is impracticable It has been the custom to apply 
calorific values in the Zuntz ahd Schumburg table (see p 727) directly to the respira 
tory exchange as measured without computing separately the protein metabolized 
DuBois points out that this procedure gi\ es results about 1 per cent too high 

The example described below serves to illustrate the basic principles employed m 


11 For a review see Du Bois Haney Led 34,88 (1939) . 

11 Atwater and Rosa Report of Si ott « Agnc Exp Sta 1897 p 212 Atwater ano 
Benedict Carnegie Inel TTnsft Pub No 42 190o 
** Aimaby and tries Bull 51 U S Dept ol Agriculture (Bureau of Animal Industry) 


14 Benedict Coropatchinsky and Ritzman Aider haiden « Handbueh der btolog*ecl* n 
Arbeitemetkoden 4 (part 13) 619 1934 

14 Newburgh Johnston VVdej fchetdon and Murrdl J Nutrition 13 193 (1937) 
“Later developments m closed-circuit apparatus and comparison with open-circUi 
e discussed by Benedict Boston Med Surg J , m, 807 (192o) 


methods a 
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Fig 198 Diagram of the Benedict-Rotii Respiration Apparatus 
The patient breathes through a mouthpiece The nose is clamped Two tubes 
connect the mouthpiece with the spirometer An inspiratory Sadd valve directs 
the oxygen from the spirometer chamber to the patient an expiratory valve 
insures its continuous circulation Tire expirations pass through soda lime n hicb 
remov es carbon dioxide The calibrated spirometer bell is balanced by a counter- 
weight w Inch came3 a pointer The pointer shows the moi ements of the bell on a 
millimeter scale A test is started with the chamber full of oxygen as oxygen 
is absorbed by the patient the -volume in the chamber decreases The loss of 
volume represents oxygen absorbed during the period of the test Correction 
is made for any change m chamber temperature during the test 

Slightly modified from Roth Boston lied Surg J 184, 401 (1022) 

the oxygen-consumption type of measurement Specific directions are furnished with 
various commercial instruments adapted for office or hospital use 

The Benedicl-Roth respiration apparatus (Figs 198, 199) is extensiiely used in clinics 
for determining the basal metabolic rate of patients. Roth” lias dispensed with the 

Roth Boston \[ed Surg J 186,437 491 (1922) This and other tj pcs of basal metabo- 
lism apparatus for clinical use arc made by \\ arren E Collins Inc 5 33 II Huntington 
tie Boston Mass Sanborn Co 39 Osborn St Canibn Ige Mass and Jonea Metabolic 
Equipment Co 1870 Ogden t> e Cl icago 111 
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Fig 199 Benedict Roth Respibation Ap- 
paratus witjj Ktuogbapu. 


per hour (1mm in 0 min - 20 73 ml - 0 2073 liter per Lour 0 2073 X 4.82o ~ 1 
Cal per hour ) 

The form of Hus apfsrutus illustrated in Fig. 100 13 provided with a kymograp 
which is bdf tune-marking in minute periods A p<-n attached to the counter* ctgM 1 
traces the respiratory excursions and shows tic lowering r f the spirometer hell due 
to tl c al sorption of oxjgrn tig. 200 illustrates the met! od of drawing tl e ‘ox)g e “ 
« nsumj tion line and of measuring tl e nse r f this line for any 0-minute period 
which may be selected on the tracing. If the moisture content of the circulating air 
is high as is the case when WiLon soda lime is used as an absorber a correct 10 " 
must be made for water vapor Iioth” gives tie factors for reducing the volume © 


dry 


** A taM« 1 e red urn g volume* of 80 per eei t saturated air to (f C and 7G0 mm 
given by It ll liotUn iltd Surg J IM i^7 (IV22) 
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absorbed oxygen to 0° C , 760 mm , dry (when the vapor teu8ion is 80 per cent of 
saturation) 

Procedure. The patient is tested before breakfast and after a 12- to 15-hour 
fast A record is made of the sex, age, height, and weight. A rest in a seml- 
rcclimng position for half an hour must precede the test. During the rest 
period, the pulse rate, the respiration rate and the temperature are ob- 
served, and the patient is briefly instructed in order to secure his confidence 



Fig 200 Graphic Record of k Metabolism Test 
E H C , male, aged 38 Height 176 cm Weight, 84 kg Surface area, 2 0 
sq m Barometric pressure, 745 mm Average temperature, 24° C (no increase 
during test) Rise of Ot line in 6 mmutes 94 mm = 94 Cal per hour Correction 
for temperature, pressure, and water vapor 94 X 0 879 = 82 63 Cal per hour 
Divide by surface area 82 63 — 2 — 41 3 Cal per square meter of surface per 
hour, which is 5 per cent abov e the average normal (39 5) for this individual 
(Roth) 

For an example of a simplified data card for taking records of instruments not 
equipped with kymographs and for making the calculations, see Stoner Boston 
Med Surg J , 189, 195 (1923) 

and cooperation. The apparatus is tested for leaks as follows- a stopper is 
placed in the opening of the mouthpiece, a 200-g weight is placed on the 
bell. The pointer should remain stationary for a minute or more. The weight 
and stopper are removed and the spirometer is filled with oxjgen. The mouth- 
piece and later the nose dip are applied to the patient, care being taken to 
avoid leaks. The kymograph 1 * is started. The temperature of the spirometer 
and the barometric pressure are recorded. The test is continued until a 


*» In the case of spirometers not equipped with k>mographs, readings on the scale are 
made at the beginning and end of the periods Stoner {Boston \fcd Stirg J , 1S9 103 
divides a 10-minute period into five 2 minute periods taking the average of 10 ^piromTfer 
readme at the be K mune °I each period In thn rraj he „ able to select a 4 nunnte nermt 

S mZtS r"USS.“°' U "’ Pt ‘“' ““ '° “ V °‘ J *» "Jo duetnS 
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satisfactory uninterrupted section of exactly 6 minutes can be selected for 
subsequent measurement. Before stopping the test, a weight of 50 g. is placed 
on the bell and operation is continued for a few minutes; if a leak occurs it is 
shown by a sharp rise in the ox>gen consumption line. The temperature of 
the spirometer is again recorded. Fig. 200 shows a graphic record of a test, 
and the legend gives the necessary calculations for determining the basal 
metabolic rate. 

Wesson * 0 has described an apparatus and procedure for determining the 
respiratory quotient in small animals. A multiple-chamber respiration 
apparatus for small animals, based on the oxygen-consumption method, 
has been described by Benedict . 11 

For research purposes the expired air may be collected in a gasometer 
or in an impervious rubber or plastic bag and subjected to analytical 
determination of CO* and Oi content. Methods based on the use of the 
llaldanc-Hcnderson gas-analysis apparatus are employed. The=e pro- 
cedures offer greater flexibility and more information but require more 
expensive equipment and a high degree of manipulative skill. 
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Hormones 


The endocrine organs, or glands of internal secretion (see Fig. 201), are 
tissues whose function it is to secrete certain specific chemical substances 
known as hormones into the blood stream, which distributes them to all 
parts of the body. Certain tissues respond to their presence in a charac- 
teristic way, increasing, decreasing, or modifying their processes of 
growth or of metabolic or physiological activity. The hormones are there- 
fore chemical messengers serving to integrate the various activities of the 



Fig 201. Schematic Chart of Endocrine System. 

From Barker, tl al Endocrinology and ifrtabohtm. New York. Appleton 1924 

body; they may themselves undergo metabolic transformations, such as 
partial or complete oxidation, or reduction; and recognizable products of 
these transformations, or the hormones themselves, may be excreted in 
the urine and in the bile. 

The secretory activity of the endocrine organs varies from time to timG 
As the chart on p. 7o0 shows, the morphological structure and the 
endocrine activity of the gonads, adrenal cortex', and thyroid are largely 
controlled by hormones produced by the anterior lobe of the pituitary 
7-17 
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(anterior hypophysis) which also produces hormones acting directly on 
the structure and function of nonendoenne tissues 1 he anterior pituitary 
m turn is partly controlled (directly or indirectly) by the concentration 
of hormones produced by the gonads, thyroid, etc , and also by the 
nervous system directly Similarly, the posterior pituitary and the adrenal 
medulla are subject to direct nervous regulation The control of the 
endocrine activity of the pancreas, parathyroids, and other possible 
sources of hormones is not fully understood It mil be noted in the chart 
that a single organ, or a single metabolic process, may be affected by 
more than one hormone, and often also by factors not endocrine in nature 
The hormones do not vary significantly in chemical structure from 
species to species, hence extracts from the endocrine organs of animals 
may often be used m treating disorders due to insufficient activity of a 
human gland, synthetic or artificial products, allied to or identical with 
the natural hormones, may be less costly Disorders due to excessive 
activity — for example when a tumor develops from endocrine cells — are 
often treated by surgical removal of the abnormal tissue, or, more rarely, 
by selective inhibitory drugs or by irradiation with x rays Chemically, 
the known hormones may be divided into two mam groups The first may 
be referred to as nitrogenous, and range m size and complexity from 
simple bases such as adrenaline to proteins of high molecular weight and 
undetermined structure The second group, more homogeneous, may be 
called the steroid hormones 

THE STEROID HORMONES OF THE GONADS 
AND ADRENAL CORTEX 

General Chemistry of the Steroids and Steroid Hormones The 
basic saturated carbon nng skeleton of the steroids is illustrated m 
Formula I 



Carbon Ring Skeleton of the Steroid# (I) 

Depending on the chemical nature of the substituent (R) at Ci 7 , the 
btcrouls may be di\ ided into frv e classes 

(а) The sterols like cholesterol and crgosterol (sec Chapters 11 and 
33), w here II consists of an eight- or nine-carbon atom aliphatic side chain 

(б) 1 he bile acids (p 110) where R consists of a five-carbon side chain 
terminating m a carboxylic acid group 

(c) The cardiac agbjcon-s breakdown products of the heart-stimulating 
glycosides of Strophanthus Digitalis etc , which are characterized by » 
lactone nng substituted at C, T 

(d) The sapogemns denied from plant saponms, where It is comprised 
of an ethereal nng system 
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(e) The steroid hormones, where Ci 7 bears a ketonic or hydroxyl group 
(the androgens and estrogens), or carries a substituted two-carbon side 
chain (progesterone and the adrenal cortical steroids) 

The steroid hormones all carry phenolic or ketonic oxygen on C3 
The summary on pp 751-754 formulates the principal steroid hormones, 
and illustrates, by means of arrows, the metabolic pathways followed in 
the body m the course of their inactivation and excretion The ovarian 
follicular hormones — the estrogens — all possess an aromatic or benzenoid 
ring A, while the hormones of the testis, corpus luteum, and adrenal cortex 
are all characterized by the presence in ring A of an a-ff unsaturated 
ketonic grouping, the saturation of which leads to practically complete 
loss of physiological activity In the course of this reduction, which is a 
common mechanism of inactivation in vno , carbon atoms numbers 3 and 5 
become asymmetric, and hence four fully reduced geometrical isomers are 
possible m each instance The hydroxyl group resulting on hydrogenation 
of the ketone may be oriented either cis or trans with respect to the angu- 
lar methyl group at C10 Respectively, the as and trans epimers are desig- 
nated by the suffixes and a, and conventionally are differentiated m two- 
dimensional formulas by the use of a solid and a dotted line [Compare 
androsterone (III) and isoandrosterone (IV) ] 3(/3) Hydroxy-steroids 
form w ith digitonm (a saponin from Digitalis) sparingly soluble addition 
compounds, whereas the epimenc 3(a)-compounds do not Likewise the 
hydrogen atom introduced at Cs on saturation of a 4 5 or 5 6 double 
bond may be as or trans oriented in relation to the angular methyl group 
at C10, again, m planar formulation, the solid and dotted lines respectively 
are used [compare androsterone (III) and etiocholanolone (V)l Because 
of this isomensm about C 6 , there are two saturated parent hydrocarbons 
of the steroid hormones containing 19 carbon atoms, namely androstane 
(trans) and etiocholane (as), and two pertaining to the hormones with 
21 carbon atoms, namely pregnane (as) and allopregnane (trans) 

The total synthesis of steroids has been realized through a long sequence 
of intricate chemical reactions which, however, are not yet applicable 
commercially Steroid hormones are prepared by degradation of naturally 
occurring plant and animal steroids Diosgemn, a sapogemn from the 
Mexican yam, is readily converted to progesterone (XVIII) and de- 
oxycorticosterone (XIV), and from these to testosterone (II) and estrone 
(VIII) Much less satisfactorily, the same four hormones may be derived 
from cholesterol The bile acids, particularly deoxychohc acid, sene as 
starting material for the part-synthesis of the corticoids bearing an oxygen 
function at C11, namely cortisone (XV), corticosterone (XVI), and Com- 
pound F (XVII) Certain microorganisms possess the unique and specific 
property of introducing a hydroxyl group at Cn, and they are employed 
in some commercial procedures for the preparation of cortisone Isotope 
studies show that in the body all the steroid hormones and cholesterol 
can be synthesized from acetate 

In general, all steroid hormones are insoluble in water but soluble in 
fat sohcuts such as ether, acetone, alcohol, etc , and in vegetable oils, in 
winch medium they are usually dissolved for administration to the body 
The} arc relatively inactive per os, and consequently are given intramus- 
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cularly or subcutaneously. Esters of the hormones, such as the acetate, 
propionate, and benzoate, are much more valuable therapeutically than 
the free steroids, since their physiological action is more protracted owing 
to the delayed rate of absorption and utilization. The steroid hormones 
and their catabolites are generally eliminated in the urine in water- 
soluble form in conjugation with glucuronic or sulfuric acid. 

Formulation of Steroid Hormones and Related Substances. The 
chemical name is gi\ eu in each instance, follow ed by the commonly used 
name in parentheses. The arrows indicate metabolic pathways followed 
in the body. 


The Androgens and Urinary 17-Kciosteroids 



Etlocho!an-3(c0-ol-17-one 

(Etlocholanolonc) 
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J70)-Meth)i-A , -»ndro»ten 3-one-17(a)-ol A‘-Androsten-3(0)-ol-17-one 
(Methj ltestosterone) (Dehydroisoandrosterone) 

CuHuOt (Tronidehydroandrosterone) 

C»H»Os 


The Estrogens 

on 



VIII 


A 1 *- 4 -E*tratrIene-3,17(a)-dIol 
(£- Estradiol) 


0 

ll 



IX 


A 1 -* ‘-Estratriene-3-ol-17-one 

(Estrone) 

Ci.HjjOj 


o 



XI 

A*" •»»a-E*trap«ntaen-3-o1-17-one 

(Equllenln) 

CuIIitOi 



X 


A* *■*« Es tr a trIene-3, 1 6, t 7 -tr!oI 


(Estrlol) 

C„IIi.O« 
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CH 3 

xii 


fronj-3,4(Di-/>-hydroxyphenyl)- 

hexene-3 

(Diethyl stilbestrol) 

CuII-oOi 


Adrenal Cortical Steroids 
Mineralocorticoids 



Xlll XIV 

A 4 -Pregnene-3,20-dione-17(a),2I-diol A 4 -Pregnene-3,20-dione-2l-ol 
(17-Hydroxydeoxycorticosterone) (Deoxycorticosterone) 

(Compound S) CnH 30 O» 

CuHigO« 

Glucocorticoids 



A 4 -Pregnene-3,ll,20-trione- 17(a), 21-diol A 4 -Pregnene-3,20-dione-lI,20-dioI 
(17-ll>droxy-ll-dch}drocorticosterone) (Corticosterone, compound B) 
(Cortisone, compound E) CuIIjoO, 

CjiHj»0» 
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A 4 -Pre6nene-3 1 20-dione-ll(^)»17(a),21-triol 
(1 1-Dih> drocortisone, 17-IIydroxy corticosterone) 
(Compound F) 

CnlluO* 



(Progesterone) 


Progesterone 

CH a 



XIX 

Pregnane-3(a),20(a)-diol 

(Pregnanediol) 

CnlluO, 


THE TESTES 

Utmmal of tho testes causes atrophy of the beminal \esiclcs, prostate, 
and other acieiwory organs of the male genital system Ihc effects are 
moot pronounced if the operation is performed before sexual maturity, 
anil are due to withdrawal of androgi me hormones, such as testosterone 
til), secreted by the bey dig or interstitial cells 1 he androgenic hormones 
will restore the atrophied tissues in castrated animals, such os rats or miet, 
and lire frequently assayed by their power to cause enlargement of the 
comb in the capon 
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Testosterone (II) is the principal male se\ hormone isolated from testis 
tissue In the course of its metabolism m man it is reduced to andro- 
sterone (III), isoandrosterone (IV) and etiocholanolonc (V), all of which 
are excreted in the urme (see 17-hetosteroids, p 759) Methyltestosterone 
(VII), prepared artificially, but not known to occur m nature, finds wide 
therapeutic application because it is highly active per os 
The International Standard male hormone unit is the activity equiva- 
lent of 0 1 mg of pure androsterone By comparison of comb growth in 
the capon, testosterone is about six times, and isoandrosterone one- 
sex entb, as potent as androsterone, while etiocholanolone is practically 
inert Administered parenterally, methyltestosterone and testosterone 
show equal activity, orally methyltestosterone is two to four times less 
active than parenterally, but about 20 times more potent than testo- 
sterone given by mouth 

THE OVARIES 

The development of the accessory sex organs in the female is not so 
dependent on hormonal stimuli as in the male, nevertheless, extirpation 
of the ovaries causes atrophic change in the uterus, vagina, mammary 
glands, etc , and in the plumage of poultry In most mammals, mating 
occurs only during periods of heat or eslrus, when the concentration of 
estrogenic hormones produced by the ovary and in particular by the 
Graafian follicles becomes maximal In rodents estrus is accompanied by 
the appearance of cormfied cells in the lumen of the v agina, from the walls 
of which they have desquamated This reaction follows the administration 
of estrogenic substances to castrated animals, and is the basis of biological 
assay 

After ovulation in mammals, the ruptured Graafian follicle is trans- 
formed into the corpus luteum, which produces the hormone progesterone 
(XVIII) whose chief function is to prepare the mucous membrane of the 
uterus for the implantation of the embryo Progesterone is assayed by its 
power to cause a glandular “progestational” proliferation of this mem- 
brane in immature or castrate rabbits previously sensitized with estro- 
gens Gestation, in its early stages is interrupted by destruction of the 
corpora lutea, when implantation and pregnancy occur, the active life of 
the corpora lutea is prolonged In the later stages of human pregnancy, 
estrogens and progesterone are produced by the placenta, they act to- 
gether in promoting mammary development 

The principal estrogens are 0-estradiol (VIII), estrone (IX), and 
estnol (X), their relative activities are roughly 10 1 1 or less, but wide 
fluctuation in these proportions is observed by the different methods of 
testing Only the first two are known to occur in Itquor follicult, where 
0-estradiol accounts for 90 per cent of the physiological activity, and 
hence is regarded as the chief ov anan follicular hormone /3-Estr \diol and 
estrone are intercom ertible m the animal organism, for the administration 
of either leads to the excretion of the other Estriol has been isolated only 
from human pregnancy urine ind from human pi iccnta, and that organ 
is regarded is the main site of production In gestation (Fig 202), the 
estrogen output rises sharply with the growth of the placenta to a pre- 
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partum ltxcl of 12 to 10 mg per Aim, istnoi umbtltuU-x the chid cetjb- 
olite (about 00 per tent of the total), but estrone is Lxtrlted m appreciable 
amount together ruth traces of p-cstrudiol 'Hie conjugate of tstnol in 
human pregnancy unne has been isolated as the 10- or 17-monoglucuron- 
idc Throughout the normal menstruai cycle, the unne estrogen content is 
Ion, of the order of 0 OS mg per diem at the maximum Biological assay 
rex cals pro- and postovulntory peaks with the minimum output during 
the period of flow \\ lnle the chemical nature of the estrogens excreted in 
the nonpregnant state has not been estahhshed by isolation, partition 
exjieriments indicate tliat all three arc eliminated 



Fig 202 Variation is Ubinabt Oltput of Sex Hormones and 
Metabolites with 1’ebioi> of Gestation 


Throughout gestation in the mare, estrone represents the most abun 
dant excretory product Estnol is not formed in this species, but con 
siderable amounts of estrogens unsaturated in ring B as well as in ring * 
are eliminated, equilenm (XI) is tbe moat abundant 

Many synthetic derivatives of stilbcne possess marked estrogen* 0 
potency, although they arc nonsteroidal and do not occur m nature 
Important among these is diethyl stilbegtrol (XII) which, like other mem 
bers of the group, is much more active orally than the free natural estro- 
gens The water-soluble conjugated estrogens of human and equine 
pregnancy unne (pnncipally estnol glucuromde and estrone sulfate 
respect iv ely) are also effectiv e by mouth. 

The International Lmt is defined as the activity contained in 0 1 /d? 
of estrone As the different estrogens cannot properly be compared be- 
cause of variations in the time and penod of action, a subsidiary standard 
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exists for /3-estradiol-3 monobenzoate which is the activity equivalent of 
0 1 pg of that substance 

Progesterone is produced by the corpus luteum of the ovary during the 
postovulatory phase of the menstrual cycle, and in much larger amounts 
throughout gestation, by both the corpus luteum and the placenta Traces 
are elaborated by the adrenal cortex m both sexes The chief metabolite 
of progesterone (XVIII) is the inactive pregnanediol (XIX), which is 
excreted m the unne m conjugation with glucuronic acid Estimation of 
the sodium pregnanediol glucuronidate content of urine thus provides a 
useful index of luteal function From 40 to 55 mg of pregnanediol are 
eliminated during the normal menstrual cycle, the excretion beginning 
probably one to two days after ovulation and ceasing one to three days 
before the onset of utenne bleeding A significant decrease m total output, 
or shortening of the period of excretion indicates that progestation is not 
sufficiently well developed or is of too brief duration to support implanta- 
tion From fertilization to the end of the ov anan phase of pregnancy (ca 
three to four lunar months), urine pregnanediol remains at the maximum 
level associated wath the luteal phase of the cycle (ca 5 to 10 mg per 
diem), and then rapidly rises with the growth of the placenta to a daily 
output at parturition of about GO to 100 mg (Fig 202) A significant fall 
during the first third of gestation indicates corpus luteum deficiency or 
failure of the placenta to deielop at the normal rate, either of which 
threatens abortion A residual pregnanediol titer of the order of 0 2 mg 
per diem remains m the urine of men and of w omen in the follicular phase 
of the cycle, presumably this is of adrenal cortical origin The Inter- 
national Unit is defined as the activity contained in l mg of the pure 
crystalline progesterone 

THE ADRENAL CORTEX 

The adrenal glands consist of two distinct tissues m close apposition 
the medulla, producing epinephrine (adrenaline) and norepinephrine 
(noradrenaline) and derived from the sympathetic nervous system (see 
p 766), and the much larger surrounding corlex, embryofogicaffy related 
to the gonads Extirpation or destruction of the cortical tissue is fatal 
Before death, the body loses sodium salts in the urme and accumulates 
potassium, so that the a olume of extracellular fluid is reduced the blood 
becomes \iscous the circulation sluggish, and renal function seriously 
impaired, treatment with diets low in potassium and enriched with 
sodium salts is helpful Another group of symptoms includes diminished 
breakdown of tissue proteins to form glycogenic ammo acids, so that 
glycogen stores decrease rapidly on fasting hypoglycemia develops and 
resistance is greatly lessened to extremes of heat and cold, infections, 
toxic drugs, trauma, fatigue, and stress of all kinds Vddisun’s disease, 
in which the cortical tissue is gradually destroyed, is characterized by 
asthenia emaciation, low blood pressure, pigmentation of the skin, uid 
often hypoglycemia, although here (as m the ad renal ectomized dog) 
the disturb nice of electroly te metabolism is usually the gre itest threat to 
surviv al 

About 30 steroids h i\e been isolated in crystalline form from cortical 
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extracts Of these 30 steroids, many are physiologically quite inert, 
others, such as traces of estrone (IX) and progesterone (XVIII) hate 
been discussed abo\c, se\ eral, such as androstenedione, adrenostcrone, 
and 17 hydroxy progesterone, have definite androgenic activity, but the 
most interesting arc six which are actit e m correcting the specific effects of 
adrenalectomy and may therefore lie called corticoids (Selyc) All six are 
den\ati\cs of A*-pregnene 3,20-dione-21-ol The adrenal contains enzyme 
systems which promote the introduction of oxygen at positions 11, 
and 21 of the steroid skeleton, for example, adrenal tissue, in perfusion or 
incubation experiments, will readily com ert progesterone (XVIII) to 
compounds T (XVII), E (XV) and B (XVI) Deoxycorticosterone (XIV) 
is present in \ery small amounts, if at all, but as it is readily available 
commercially, it has been widely used in medicine, especially as its 21- 
acetate (DCA), it is highly potent in correcting the imbalance in the 
metabolism of sodium and potassium and hence in maintaining life in 
the adrenalcctomized dog or in patients with Addison’s disease, and may 
be called a mineralocorlicoid On the other hand, cortisone (17-hydroxy- 
11-dehydrocorticostcronc, Kendall’s “compound E”) (XV), and hydro' 
cortisone (17-hydroxycorticostcrone, Kendall’s “compound F”) (XVII) 
may be called glucocorticoids, they have slight and variable action on 
sodium and potassium balance but profound influence on protein and 
carbohydrate metabolism, on which their medical uses depend Corticos- 
terone (XVI) and 1 1-dehydrocorticoslerone possess both glucocorticoid 
and mineralocorlicoid activity (oxygen at position 11 is essential for 
the former), but not in any lugh degree It must be emphasized that 
cortical extracts contain mincralocorticoids with life maintaining ac- 
tivity These compounds (the “amorphous fraction”) ha\e not yet been 
crystallized or identified and are much more water soluble than the 
glucocorticoids Biological assay procedures for glucocorticoids are based 
on their power to increase resistance to cold in adrenalcctomized rats or 
to restore lrvcr glycogen levels Mincralocorticoids arc assayed by their 
life-maintaining pow er or more specifically by their effect on the metabo- 
lism of sodium and potassium 

The structure and secretory activity of the adrenal cortex is controlled 
by the adrenocorticotropic hormone (ACTHJ of the anterior pituitary 
After hypophysectomy, the cortex atrophies, especially the inner layers 
and low resistance to stress and impaired glycogen storage indicate that 
glucocorticoids are not being produced The injection of a single dose of 
ACTH, in the rat, leads to rapid depletion of the cholesterol and ascorbic 
acid of the cortex (this is the basis of the Sayers assay method) with some 
temporary increase in cortical % olume and various evidences of increased 
manufacture and discharge of corticoids, principally hydroxycorticoster- 
one (compound I ) The application of suitable stress, e g , brief exposure 
to cold or the injection of a sublethal dose of epinephrine, will produce 
the same results by causing the pituitary to discharge ACTH In human 
subjuts the injection or discharge of VC HI or of glucocorticoids i» 
evidenced by (a) a fall in the numbers of circulating eosinophils and 
lymphocytes (f>) an m< reused excretion of nitrogenous waste products, 
notably uric acid, and (c) increased urinary excretion of corticoids as 
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determined by chemical or biological assay (but representing only a 
small fraction of the corticoids actually secieted or injected) and of 
17-ketosteroids ACTH and compounds E and F have pro\ed dramati- 
cally successful m reliei mg the symptoms of rheumatoid arthritis and 
many other diseases, the disappearance of pam and the development of a 
sense of well being aie particularly remarkable Prolonged treatment with 
small daily doses of cortisone appears to be both possible and effective 
However excessive doses administered over a long period of time may 
induce symptoms of Cushing’s syndrome , with tendencies towaid obesity, 
hypei tension, osteoporosis, and psychic disturbances In patients dis- 
posed to diabetes, symptoms of this disease may be aggravated Large 
doses are contraindicated m tuberculosis, gastric ulcer, and diabetes 
Cushing’s syndrome is thus attributed to overproduction of glucocorti- 
coids The concept of a causal relation between overproduction of min- 
eralocorticoids and the collagen diseases (rheumatoid arthritis, periarteritis 
nodosa, etc ), attributed to Selye, lias been questioned by many mvestiga- 
tois and is the subject of active study Overproduction of adrenal andro- 
gens, with high 17 ketosteroid excretion, leads to the adrenogenital 
syndrome ( virilism , hirsutism, or precocious mascuhmzation) with en- 
hanced protein synthesis and muscularity 

17-KETOSTEROIDS 

Human urines contain steroids carrying ketomc oxygen at Ci 7 , some of 
which are phenolic while others are neutral The latter are commonly 
called “17 ketosteroids ” The principal members of tins group are andro- 
sterone (III), etiocholanolone (V), isoandrosterone (IV), and dehydroiso- 
androsterone (VI), the first two of these arise in part fxom the testis, 
while all represent the excretion products of some of the steroids of the 
adrenal cortex Accordingly, measurement of 17-ketosteroid output pro- 
vides a biochemical index of testiculai and adrenocoitical activity 

The normal 17-ketosteroid excretion of men between the ages of 20 and 
40 years averages about 15 mg per diem normal women m the same age 
group excrete approximately 10 mg per diem In children under 8 years 
of age, less than 1 mg per diem is eliminated, but from this age on there 
is a gradual increase to adult values Likewise in old age a significant 
diminution is observed As gonadectomy in the mate decreases the average 
output from 15 to 10 mg , and is ■without effect in the female, it is con- 
cluded that approximately 10 mg arc derived from the adrenal cortex 
and 5 mg from the testis The human ovary is not a source of neutral 
17-ketosteroid 

Disorders of the testis, adrenal cortex, and anterior pituitary may pro- 
foundly alter 17-ketosteroid excretion In eunuchoidism v alucs from nor- 
mal to that of the surgical castrate (10 mg ) are reported whereas m the 
rare cases of masculinizing tumors of the interstitial cells of the testis the 
output may reach 800 mg per diem In Addison's dise isc in the male, 
excretion falls to 1 2 to 0 4 nig, which represents the testicular output, 
while in the female practically no 17-kctostcroids are produced In those 
cases of Cushing’s syndrome not associated with carcinoma of the adrenal 
cortex, normal or only slightly elevated 17-ketosteroid ■s alucs are ob- 



7G0 Practical Physiological Chemistry Chap 26 

served (10 to 36 rag ), but when carcinoma of the cortex complicates the 
condition a much higher excretion is usually encountered (40 to 288 
rag ) Similarly, m the adrenogenital syndrome, simple hyperplasia of the 
cortex leads to onlj a moderately high 17-hetosteroid output (up to 100 
mg approximately), whereas carcinoma generally gives rise to a more 
marked increase (ca 100 to 250 mg ) In both instances, carcinoma maj 
he distinguishable from hyperplasia by the higher excretion, and also b) 
the increased proportion of the 3(^)-hydroxy-17-ketosteroids (chief!} 
dchydroisoandrosterone) to the 3(a) Is ormally, and m hyperplasia, the 
*3 a ratio is 1 9, whereas m carcinoma it may nse to about 1 1 In pan 
h> popituitarism, a general underproduction of all anterior lobe hormones 
the 17 ketosteroid excretion is low (0 to 3 mg ) 

EXPERIMENTS ON STEROID HORMONES 1 

t Partition and Estimation of the Estrogens of Urine Principle The tie* 
termination comprises (a) hydrolysis of the water-soluble conjugates in unne (f>) 
ixtnction of the steroid moieties and tl eir separation by partition between solvents 
and (e) estimation of the estrogen content of the various fractions either colonmetn 
rally (sec Tap 3) or by biological assay (sec 1 xp 4) Colorimetric methods ore 
unsatisfactory when tl c estrogen output is less than 1 5 mg per liter approximate!) 
as in n irmal urine and tl roughout the first four montl s of gestation 
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Figs 203-208 Vaginal Smears of Artificially Induced Esraus in 
Spayed Hat 

Fig 203 Diestrous smear leukocytes m stringy mass ( X 40) 

Fig 204 Proestrous smear chiefly nucleated epithelial cells with an 
occasional leukocj te ( X 40) Present 35 to 40 hours after first injection. 

Fig 205 Estrous smear nonnucleated cornified epithelial scales (X 40) 
This tjpe usually appears within 48 hours after the first injection and is a 
certain criterion of the positia e action of an extract 

Fig 2Qg Flat cornified elements of the cstrous smear stage ( X 2o0) Eosm 
stains these cells a brilliant red. Although the site of the former nucleus is 
apparent all basophilic staining reaction has been lost 

tic 207 Early stage of leukocytic infiltration (metestnim) (X 40) Few 
nuclcited epithelial cells ha\e appeared as jet 

Fig 20S Late stage of the metestnim (X -10) Enormous numbers of 
hukocjtis «omc cormfied *»c Ues (m tenter of field), and man> nucleated 
epithelial cells 

Vrout Mltn. Dmsj rial Am, J tnaf St 1C3 (1024-1025) Court eaj Caotrca Rrcent 
Adrancrt t» Endocrinology 5Ui ed Pluladelplu*, Tho Bl&kutca Company 194o. 
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washed successively with 12 ml. of 45 per cent 11,50.. twice with 25 ml. of 9 
per cent Na,CO„ and twice with 25 ml. of water, and evaporated to dryness 

^Both°FracUons T and OD are purified sufficiently that they may be assajed 
colorimetrically (see Exp. 3). When a separate estimate of the estradiol an 
estrone content is required. Fraction OD is divided into ketonic (estrone) a 

nonketonic (estradiol) fractions by treatment with Girard’s reagent* prior to 

assay. 


2. Isolation of Crystalline Estriolfrom Human Pregnancy Urine. Fraction 
T (Exp. 1) from late pregnancy urine readily yields reasonably pure estrio 
on crystallization from benzene. For this purpose 500 ml. or more of urine 
may be taken, all quantities of reagents and solvents being increased pro- 
portionately. 


3. Haber's Color Reaction for Estrogens.* The sample to be tested is evapo- 
rated to dr> ness in a test tube, to which is added 2 ml. of an equimolecular 
mixture of sulfuric and (o and p) phen> lsulfonic acids. The test tube is heate 
for 10 minutes at 100’ C. and at once cooled in Ice. A red color gradually 
develops. 


4. Biological Test for Estrogens .* Young adult female rats or mice are ovan- 
ectomlzed. If the operation is complete, within a week, the vaginal smear will 
contain only leukocytes. The smear may be obtained by washing out the 
vagina with a drop of saline solution, using a small homemade pipet with a 
rubber bulb, or by Introducing a small pledget of moist cotton wool on a loop 
of platinum wire, and in either case spreading the fluid on a clean microscope 
slide. It Is not necessary to fix or stain the ceils. Inject the animals with three 
QA ml. doses of a solution of estrin in oil, or in 10 per cent alcohol made 
slightly alkaline, preferably allowing at least 6 hours to elapse between injec- 
tions. Examine the vaginal smear on the second, third, and fourth da>s. The 
leukocytes will almost disappear, and the smear should come to consist of 
horny, scale-like squamous cells, and some epithelial cells still retaining theU 
nuclei. The test can be made quantitative only If large numbers of animal* 
are used, and their sensitivity to crystalline estrogens must be established- 
The response Is affected by the strain of the animals, by the degree of sub- 
division of the dose and the solvent used, by the number of examination* 
made, and by many other factors. See Fills. 203-208. 
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pressure. The residue is taken up in 60 ml. of 0.1 N NaOII, again extracted 3 
times with butanol (60, 20, and 10 ml.), and the combined butanol extracts 
are washed twice with 5 ml. of water and evaporated to dryness under reduced 
pressure. The residue is dissolved in exactly 5 ml. of water and transferred to a 
125-ml. flask with several small portions of acetone. Volume is made to 100 ml. 
with acetone, and, after standing overnight in the refrigerator, pregnanediol 
glucuronidate precipitates. Most of the supernatant acetone is removed by 
suction without disturbing the precipitate. The remaining mixture is trans- 
ferred to a 50-ml. centrifuge tube and centrifuged for 10 minutes. The 
residual acetone is carefully decanted and the crude ester is dissolved in 
water for purification by reprecipitation. The amount of water used is de- 
pendent upon the weight; 2 ml. for quantities less than 5 mg.; 3 ml. for 5 to 
10 mg.; and 5 ml. for more than 10 mg. The water is added to the original flask 
to dissolve adhering material and then transferred to the 50-ml. centrifuge 
tube containing the precipitate. The tube is warmed and the contents are 
filtered back with suction into the original flask. The tube is rinsed twice 
with small amounts of acetone which are filtered into the flask, and the 
volume is made to 100 ml. with acetone. After 12 hours in the refrigerator, 
the acetone is removed as before by suction and centrifugation. The pre- 
cipitate is dissolved In 10 ml. of hot 95 per cent ethanol and filtered with 
suction into a tared beaker (30 ml.). The flask, centrifuge tube, and filter 
paper are washed twice with hot ethanol. After evaporation of the solution 
to dryness on the bath, the weight of the precipitate is determined. 

Calculation. The percentage recovery of the ester depends upon the amount pres- 
ent and the volume of water used in the second precipitation, accordingly a correction 
factor is applied (see the table below ) Sodium pregnanediol glucuronidate contains 
61 7 per cent pregnanediol 


Mg pregnanediol excreted per diem 


Wt of ppt X 0 617 X 24 hr volume X 100 
Per cent recov ery X v olume extracted 


The melting point of the final precipitate should always be confirmed, sodium 
pregnanediol glucuronidate melts at 273° C. with evolution of gas. 


Weight of 
precipitate 
in mg 

Per cent recovery 

2 ml. H 2 0 

3 ml H.O 

o ml HtO 

2 

0-60* 



3-4 

50-67* 



5-8 

70-75* 

79 


✓ 9-10 


S2 

75 

11-12 


85 

78 

13-15 



81 

1G-1S 



S3 

19-25 



So 


* Approximate \ nlues. 
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6. Preparation oj Adrenal Cortex Extract: Method of Cortland and Kut - 
zen&a. 1 Minced whole beef adrenals are thoroughly extracted with 99 per cent 
acetone (2.5 liters per kg.) and again with 80 per cent acetone. The extracts are 
combined, filtered, and concentrated under reduced pressure (below 45 w 
till the acetone is removed, The aqueous residue is twice extracted with 
petroleum ether, which removes inert fats and is discarded, and then twice 
extracted with ethylene dichloride (400 ml. per kg. gland each time), which 
extracts the hormone but not adrenaline nor phospholipides. The ethylene 
dichloride soluble fraction is chilled to - 15° C., and ice and precipitated solids 
are filtered off. The ethylene dichloride Is removed under reduced pressure 
and the residue dissolved In ethyl alcohol. This is mixed with an equal volume 
of petroleum ether; water is then added to make the alcohol 90 per cent; till* 
causes some of the petroleum ether to separate as an upper layer, which l» 
removed in a separatory funnel and discarded. Two further discarded petro- 
leum ether fractions are obtained by diluting the alcohol further to 80 and 
finally 70 per cent. The alcohol 1 b now removed under reduced pressure, 
below 45° C., and the resulting aqueous colloidal solution suitably diluted to 
give a final preparation of volume 1 ml. per 40 g. gland, with NaCl added to 
make 0.9 per cent, and containing 10 per cent ethyl alcohol as preservative' 
This final solution is filtered and sterilized by Iterkefeld filtration, and pre* 
served in sterile ampoules In the refrigerator. (For details of this method, see 
the original paper.) 

7. Chemical Astayt of Corticoids: Principles. Several eolonmetne methods 
have been described all of which depend upon the C 5 ,-Cji kctol grouping w the side 
chain but arc independent of the functional groups in the ring structure. These are 
based upon (a) reduction of phosphomolybdic acid to molybdenum blue, (6) reduc- 
tion of cupnc ion to cuprous ion, and (c) oxidative cleavage with periodic acid of 
carbon atom 21, which is released as formaldehyde and estimated with chromotrop‘ c 
acid The methods arc applied to the full 24-hour output of urine and lead to titer* 
of “reducing steroids" and “formaldthydogtnie steroids ” All the methods include 
in the estimates the active corticoids, plus much larger quantities of inactive meta- 
bolites w hich respond to these reactions but are phy Biologically inert Consequently 
the values determined by chemical assay (about 1 to 2 mg per day in normal indi- 
v l(luals) are considerably higher thau the glucocorticoid titer (See footnote 1, p- 700 ) 

8. Uiolosttcal Assay of Glucocorticoids and Determination of Urinary CorW 
by Lner Glycogen Deposition: Method of Vennin&, Kazmin and Bell.' The 
method is applicable to cry stallmc corticoids or to unne extracts The reference stand- 
ard is cortisone (\Y ), the biological activity of 1 jig of which is defined as one gly^ 
genic unit in the assay of unknown extracts 


Procedure. For urines containing a normal or low titer, a 48-hour specimen 
is required. The urine is adjusted to pH 1 with HCJ, and extracted 3-4 time* 
with ethylene dichlonde or chloroform. Any emulsions encountered can be 
broken by centrifuging The clear extracts are evaporated almost to dr>n e * s 
under reduced pressure (water bath temperature not over 55* C.). The residue 
is taken up in 30 ml. of chloroform, and the solution is extracted 3 times with 


’CaidandandHuneDKa J BtU CKcm 11*. 57 (193G) See aUo Kunenga. Lcgle ' 
kelson and Oaxtland J BuA f hem 147 CSil (1943) 

• \ ennui a Kuinin and Bell Endocrinology 38, 79 (194C) 
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5 ml. of cold O.lN NaOH and 3 times with 5 ml. of water. These washings are 
back-extracted with chloroform, the chloroform extracts combined, and 
evaporated to 1-2 ml. for transfer to a test tube. Finally they are evaporated to 
dryness under a stream of nitrogen. The dry residue may be stored until ready 
for assay. 

For the bioassay male white mice neighing 20-25 g. are used. Two days 
before adrenalectomy the mice are taken of! a stock diet of "Purina” chow 
and put on the McCollum lactation diet, 9 which contains 26 per cent protein 
and 52 per cent carbohydrate. Removal of the adrenals is effected by the usual 
lumbar route. Following the operation, the mice are kept in a constant- 
temperature room or box at 76° F., and maintained on the McCollum diet 
supplemented with NaCI (0.9 per cent) and glucose (5 per cent) in the drinking 
water for the first postoperative day. Glucose is withdrawn thereafter; salt is 
retained in the diet throughout the test. Food is removed at 5 P.M. of the third 
postoperative day, and the mice starved until the following morning. Drink- 
ing water is removed on the fourth postoperative day, and beginning at 9:15 
A.M. a total of 7 injections are given at 9:15, 10:00, 10:45, 11:30 A.M., 12:30, 
1:30, and 2:30 P.M. The material to be tested is taken into solution containing 
5 per cent glucose and 10 per cent alcohol. At each injection 0.20 ml. is given 
subcutaneously, so that each mouse receiv es a total of 1.4 ml. of extract con- 
taining 70 mg. of glucose. At 3:30 P.M. the mice are weighed and anesthetized 
with Sodium Amytal (0.2 ml. of 1.8 per cent solution). The livers are quickly 
removed and plunged into 4 ml. of hot 30 per cent KOH contained in a 15- ml. 
graduated centrifuge tube. The tubes are heated in a boiling water bath 
and frequently shaken, until all the tissue is in solution. The glycogen is 
precipitated by the addition of 1.2 volume of 95 per cent alcohol. The tubes are 
reheated until the mixture just begins to boil, cooled in an ice bath, and cen- 
trifuged. The supernatant liquid is poured off, and the tubes are allowed to 
drain. The sides of the tubes are washed down with 0.5 ml. of alcohol and 
again allowed to drain. Final traces of alcohol are expelled by heating the 
tubes for a few minutes in the hot water bath. 

The glycogen is hydrolyzed as follows: After addition of 5 ml. of 1 N HiSO«, 
the tubes are placed in an autoclave and heated for 15 minutes at 15 lb. pres- 
sure. The glucose is determined by the method of Good et al or colorimetri- 
cally by the method of Nelson 1 * (see p. 573). The glycogen is expressed in terms 
of mg. of liver glucose per 100 g. of mouse body weight. 

Six to eight mice must be used for each assay. For normal male urine the 
equivalent of 6 hours of urine is administered to each mouse, whereas for 
normal female urine expected to be low in glycogenic activity, the equivalent 
of an 8-hour aliquot of urine is given each animal. 

Values found by this method range from 0.04 to 0.085 mg. per 24 hours for 
normal men, and from 0.025 to 0.065 for women, calculated as cortisone. 

9. Determination of the Neutral 17-Kctosteroids of Urine: Principle. The 
steroids of urine are first set free from tbeir w ater-soluble conjugates b> acid h> drolj sis 
and extracted with ether. After removal of phenolic and acidic impurities, the 17- 
ketostcroid content of the neutral residue is ascertained by quant itativ c application of 
the Zimmermann reaction. 1 * This comprises coupling of the reactive 17-ketone group 


* Cited bj Agate and Zncmer, Am J. Physiol , tit. 1 (1035). 
18 Good. Kramer, and Somogyi J. Biot. Chem , 100 . 485 (1033). 
« Nelson J. Biot Chcm . 153, 375 (1944). _ 

11 Zimmcrmaun: Z. physiol. Chem , 233, 257 (1935). 
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of tho com pounds with m-dmittobciucnc to form colored complexes, the Intensity o! 
which in the green region of the spectrum (o20 mp) is measured in the photoelectric 
colorimeter and compared with the color dc\ eloped by known amounts of a pure 
crystalline 17 ketostcroid 

Nonspecific chromogens of urine cause some interference, but as these substances 
are mainly nonketomc and absorb light in the violet (420 m, u) as well as the green 
(520 rap) region of the spectrum, their influence may be eliminated either by carry mg 
out the color determination on the neutral ketome fraction of unne, or by the applies 
tion of a correction factor, which, in effect, subtracts the color component due to 
extraneous chromogens 

Procedure 11 A 24 hour specimen of urine is collected and measured To a 
100 ml aliquot, 15 ml of concentrated HC1 are added The mixture Is re 
fluxed for exactly 15 minutes, and then immediately chilled and extracted 
4 times with 30 ml portions of freshly redistilled ether The combined 
ethers are washed 4 times with 2N NaOlI (15 ml portions) and then twice 
with water On evaporation of the ether, the neutral residue is dissolved m 
10 ml ketone free ethanol In the development and measurement of the color, 
matched colorimeter tubes must be used To the experimental tube are added, 
in order and with mixing after the addition of each, 0 2 mi of the unne ex- 
tract, 0 2 ml of 2 per cent pure m dinitrobenzene (prepared fresh) in ethanol, 
and 0 2 ml of 5N aqueous KOH (purest electrolytic grade) A control tube »* 
made up in the same way containing 0 2 ml of ethanol in place of the uru» e 
extract Both tubes are incubated in the dark at 2a ± 0 5° C for exactly l° s 
minutes Then 15 ml of SO per cent ethanol are added to each, and, after 
mixing the color Intensity In each is measured in a suitable photoelectric 
colorimeter To correct for the slight color developed by the reagents alone, 
the control tube is first Inserted in the instrument with the 520 mj> filter m 
position, and the instrument adjusted to 0 density (100 per cent transmit 
ranee) The control is now replaced by the experimental tube, the reading 
noted and referred to the calibration curve pertaining to pure androsterone to 
give the equivalent number of mg of this substance in the sample 
Calculation 

Mg 17 kctosteroids excreted per diem = obsenid X ml 24-hour unne to jggf 

For tbs spptsistKsa of factors correcting for interfering chromogens, readings *** 
taken at 420 mp also For further details and modifications see footnote 1, p 760 
When differential estimates of the 3(a) and 3 (fi) hydroxy 17 ketostcroids are 
desired their separation is effected with d.gitonin prior to assay 


NI TROGEN-CONTAINING hormones 
VDI iEA U MEDULLA 

/ .\ hl3 ° r ^ n '\l uc ^ ® v 153 a specific staining reaction with dichromates 
( chromaffin cells ), contains the active nitrogenous bases eptnephrtne 
or adrenaline (\X) and norepinephrine ( noradrenaline arlerenol) (XXI) 
Both maj also be prepared synthetically, the latter appears to be xnorc 
abundant m the circulating blood 


** in tl e \1,G n 1_] 


iersjtj Clinic. 
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The natural forms are lev orotatory and are many times more activ e than 
then* optical isomers They are basic substance^, insoluble m ns eak alkalies 
and m organic sohents, and form water-soluble cry stallizable salts with 
various acids They are readily destroyed by oxidation m alkaline solu- 
tions, eventually giving rise to amorphous, dark-colored melamns Being 
attacked both by “ amiue-oxidase” and by the cytochrome system they 
are quickly destroyed m the body, so that the effect of an intravenous 
injection rapidly passes off, they are slowly and incompletely absorbed 
from subcutaneous or intramuscular injection sites, where they are apt to 
produce abscesses, they are inactive orally though somewhat toxic The 
physiological reaction to these hormones is, in almost all organs, the same 
as the response to stimulation of the sympathetic nerve supply the 
blood pressure nses because of arteriolar constriction, the heart rate in- 
creases if the depressor reflex can be excluded, peristalsis is inhibited, the 
pupils dilate, the bronchial muscles relax, there is outpouring of ACTH 
and probably other anterior pituitary hormones, blood sugar and blood 
lactic acid increase at the expense of the glycogen stores, and the meta- 
bolic rate is temporarily increased Norepinephrine shares the stimulatory 
rather than the inhibitory properties of the better-known epinephrine 
Discharge of these hormones occurs only when stimuli reach the adrenal 
medulla by way of the splanchnic nerve This happens rapidly when the 
body is exposed to emergencies such as cold or shock or violent emotion or 
pain 

EXPERIMENTS ON THE ADRENAL MEDULLA 

1. Preparation of Epinephrine To each 100 g of ground fresh adrenal tissue 
add 50 ml of a 3 per cent solution of acetic acid in 95 per cent ethyl alcohol 
Allow to stand for 12 to 24 hours and'remove the liquid by straining Re- 
extract the residue twice for 6 hours, each time with the same volume of 
3 per cent acetic add in 60 per cent ethyl alcohol as before After filtering, 
concentrate the extract in a flash under diminished pressure to about one- 
tenth of the original volume The material which has precipitated should be 
removed by filtration and the filtrate concentrated under diminished pressure 
to about 2 to 3 mi perl 00 g of tissue extracted Transfer the solution to a test 
tube and add enough strong ammonium hydroxide to leave a strong odor of 
ammonia Stopper and set aside in a cool place for several hours. Remove the 
precipitate by filtration and wash first with ice-cold water which has been 
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boiled then with cold alcohol and finally with ether Dissolve the precipitate 

in 10 ml of 10 per cent hydrochloric acid, reprecipitate, and treat the preelp 
tate as before 

2 Properties of hpmephnne Dissolve 0 1 g of epinephrine in about 10 ml 

of 0 1 per cent 1IC1 and dilute to 100 ml 

a \ cl vi an ItE actio V Add a few drops of FeCI» solution A green color wi 
be produced which is a typical catechol reaction 
b I wins Reaction Add to 1 ml of the solution an equal volume of 0 2 per 
cent potassium persulfate a reddish color is produced which is specific an 
may be quantitatively determined " 

c Fi coitESCiNCt, A faintly alkaline solution of epinephrine even if e * 
tremely dilute shows a bright apple green fluorescence for some minute* 
when irradiated in a quartz vessel with ultraviolet light from a mercury vapo f 
lamp 

THE P VIsCRE \S 

Removal of the pancreas in cats and dogs produces symptoms similar 
to diabetes mcllitus in man Blood sugar increases greatly and glucosuria 



Fig 209 Crystalline Zinc Insulin 
C ourtesy Dr D A Scott. 

occurs the glycogen stores of liver and muscle are depleted the blood is 
charged with fat and acetone bodies (acetoacetic acid 0-hydroxy butyric 
acid and acetone) accumulate in the blood and are excreted in the unne 
to produce acidosis coma and death usually within three weeks The^e 
symptoms do not follow when the digestive pancreatic juice is prevented 
from reaching the intestine or even when the acinar cells which secrete 
this juice degenerate they are rather due to remov al of solid clump* 
ccllb the islets of Langcrhans which have no connection with the ducts 
but form a hormone insulin which is discharged into the blood and regu 
lates carbohy drate metabolism Diabetic symptoms appear w hen the i=l ct 
cells are damaged by administration of alloxan or m some species by 
prolonged administration of certain anterior pituitary extracts which 
produce hyperglycemia 

The first useful pancreatic extracts were prepared by extracting the 
pancreas with acid alcohol and increasing the concentration of alcohol in 
the filtered extracts until insulin was precipitated Refinements of the 
method led to the isolation of insulin in crystalline form as a zinc salt 
(Fig 209) Insulin is a protein somewhat of the albumin type but unusu 
ally soluble in moderately dilute alcohd and acetone It is destroyed b/ 
digestive enzymes and must be protected from pancreatic trypsin during 
extract! n hence also it ls ineffective orally Insoluble compounds of 
in. ilm with ba-ic proteins (protamines or globin) and zinc arc used 
therapeutically since they are slo vly absorbed from the tissues and mjtc 
tions nee d not be given so frequently In normal animals insulin lowers 
14 IWV*r LutUnd and Ever* Dutchtm J 24 2129 (1932) 
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the blood sugar, thus eventually producing convulsions unless counter- 
acted by the administration of glucose, or substance yielding glucose 
The unit was at one time defined as one-third of the amount which will, 
in five hours, lower the blood sugar of a fasting nbbit to the convulsive 
level (45 mg per 100 ml ), but assay is now conducted by comparing the 
activity of an unknown, sample with that of crystalline insulin, either in 
lowering the blood sugar of rabbits or in inducing convulsions m mice 
cry stalhne insulin is reckoned it 22 units per mg 

Some consider that insulin is an essential catalyst m the biological 
oxidation of carbohydrate, for example, that it favors the action of the 
enzyme hexokmase in forming glucose- 0-phosphate as a first step, others 
believ e that insulin checks the new formation of carbohy drate from fat (at 
least from glycerol) and protein, which m the absence of insulin is sup- 
posed to flood the organism with sugar, others again hold that lack of 
insulin inhibits reactions whereby a large proportion of dietary carbo- 
hydrate is converted into fat The consequences of pancreatectomy are 
less marked in animals from which the anterior pituitary, or the adrenal 
cortices, are removed, they are in any case less marked in species other 
than the cat and dog 

Pancreatic extracts, including most insulin preparations, contain a 
hyperglycemic factor (HGF) which promotes the breakdown of liver 
glycogen, it has been suggested that this too is a hormone, produced by 
the a cells of the islets, insulin almost certainly arising in the /J-cells 

EXPERIMENTS ON THE PANCREAS 

1 Preparation of Insulin Method of Jephcott ,s To 1 kg or more of fresh, 
finely minced beef pancreas, add 4 volumes of extraction liquid, consisting 
of 7a0 ml of ethyl alcohol, 250 ml of distilled water, and 15 ml of concen 
trated hydrochloric acid Shake or stir for 2 hours at 37° C and filter through a 
double layer of cheesecloth, extract the residues as before Combine the 
filtrates and add concentrated ammonia tiU alkaline to litmus, centrifuge, 
and discard the precipitate (Insulin may be precipitated quantitatively by 
adding 1}£ volumes of absolute ethyl alcohol and 2H volumes of ether and 
allowing to Stand in the cold ) A purer preparation is obtainable as follows 
After centrifuging, drive off the alcohol with a blast of air at 37° C and add 
40 g of ammonium sulfate per 100 ml The precipitate which rises to the top 
contains the insulin, it Is ground with 70 per cent alcohol and filtered To the 
filtrate add an equal volume of 95 per cent alcohol, and discard any precipitate 
which forms, now add 8 volumes of 95 per cent alcohol to precipitate the 
insulin, which is filtered off and dried, and dissolved in water (I ml per 10 g 
of pancreas) containing 0 1 per cent tricresol 

2 Effect of Insulin on Blood Sugar Take a 1 ml sample of blood for a sugar 
determination from the marginal ear vein of a 2 kg rabbit which has been 
starved for 24 hours Then inject subcutaneously 5 to 10 units of insulin 
Observe the rabbit carefully for symptoms of hypoglycemia, such as hyper- 
irritablllty , palpitation of the heart, convulsions, and coma Another sample 
of blood should be drawn as soon as distress is evident and a third when the 
rabbit is in convulsions To relieve the induced hypoglycemia, inject 10 ml 


u Jcpl colt Tr Roy Soc Ca a la pee 5 2V 1VJ (1931) 
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blood sample for a su ^ r . det ^Tl ln ,« tln l 0 5 ml of 1.1000 epinephrine 

Is also possible to save the a , t convulsions, or copvul*ion»»ay 
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the thyroid 



Fig 210 Effect or Thtboxise oh Mtxkdevi s 
The time inters al between pictures » three weeks The 
total amount of thyroxine used was leas than 20 mg. 

From Krorlall IiwL Eng Cktm 17. Z.25 (15»2j) 

is known as goiter It may be associated with normal or subnortn^j 
activity, in which ca.sc it is related to a deficient intake of iodine an 
is chiefly found in inland regions, for example around the Great La*®* 
where the soil, water, and \ egetation are lodme-poor It may also be as^ 
ciated with increased thyroid activity (Gravest disease, exophthamn 
goiter) The thyroid is far ncher in iodine than any other tissue A 
iodine is chiefly built into the characteristic protein Ihyroglobulin, 
makes up a large part of the colloid in the \esicles and may be isolat 
m relatively pure form 11 fhy roglobuhn on hydrolysis yields th'JTOXi nC 
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or /3-[3 5-duodo-4-(3' 5'-dnodo-4'-hy dioxy -phcnoxy) -phenyl] -a-annno- 
pioptoiuc acid Tlus 1 s usudly obtained m the racemic form, but is orig- 
inally le\orotatory Triiodothyronine, containing one iodine atom less, 
is also- present and highly acti\ e The administration of thy roxine or of 
substances containing it produces only m part the pictuie of Grdves’s 
disease high metabolic rate, increased pulmonary \ entilation and circula- 
tion rate tending to ov erwork the heart, extreme nervous restlessness, and 
sometimes protrusion of the eyeballs 
(exophthalmos) Deficient thyroid ac 
tmty produces myxedema (see Tig 
210) with low basal metabolism, ment'd 
and physical sluggishness, and forma 
tion of a curious puffy tisgue undej- the 
skin The extreme form, m w Inch se\ erq 
deficiency dates from infancy, is know n 
as cretinism (see Tig 211), and js 
marked by stunting, deformity, and 
feeblemindedness The actual hormone 
discharged by the gland is thyroxine 
which appears to act as a stimulant of 
all metabolic processes, its effect is 
slowly developed and long lasting, and 
it is not m general possible to discern 
it by applying thyroxine to isolated 
tissues or organs Thy roxine is too in- 
soluble to be given advantageously by 
mouth, but it is not destroyed during j 
digestion, so that preparations of desic- _ „ 

cated thyroid gland, given orally, are ov Gxo vrm of a Ci.et.n- 
cheap and fuUy active Methods of Tho lUustall0 „ , ho », the same 
biological assay depend chiefly on meas child m the same dress before and 
'arements oi the metabolism oS myxe- alter receiving thyroxine tor one 
dema patients, or of small animals, less > ear I ncrcase in height 6 inches 
accurate methods depend on the fact (w’oj 
that thyroid substance accelerates the 

metamorphosis of tadpoles Thyroxine may also be determined chemi- 
cally by its iodine content, but it must be remembered that thyro-glob- 
ulm also contains the more soluble, physiologically inactive amino acid. 
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Dilodot> rosme 

Experiments with the radioactive isotopes of iodine indicate that the 
gland, unless previously saturated, takes up iodide from the blood for the 
synthesis of dnodoty rosme and thuice of thyroxine These reactions can 
be inhibited by treatment with large doses of sulfa drugs or with thiourea 
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thiour icil, and related compounds, winch thus gradually produce fc 
of hypoth> roidism accompanied by goiter i luouracil is being used exp 
mentally in the treatment of Graves’s disease, the administration 
iodine also produces a remission, which though often temporary 
valuable in preparation for operation, and is due to retention o c 
within the gland . / n i 

The uptake of radioactive iodide (in the form of Nal or KI) can 
lowed by placing “counters” on the skin above the thyroid, an n 
been used as a test of thyroid activity In larger doses radioactive i° 
have been used to control thyroid carcinoma and its metastasis, sine 
intensity of radioactivity becomes much higher m the thyroid cc s, 
mal or cancerous, than elsewhere in the body 

THE PARATHYROIDS 

The parathyroid glands are bmall, compact bodies, usually four in 
ber and closely apposed to or within the thyroid If they arc remov c , 
level of calcium in the blood serum falls, this in turn causes neurom 
hyperexcitability, tremors of the skeletal muscle, and panting w u 
duces alkalosis With calcium deficiency, this leads to violent tome 
elome convulsions in which the animal sooner or later dies from a 
respiration, symptoms best seen in the dog Acid extraction o P 
thyroid, yields extracts which maintain parathyroideetomized dogs 
and free from tetany, and which in normal dogs produce an elevation 
serum calcium The (Hanson) un,t is 0 01 X the amount required ‘ 
raise the serum calcium of normal, 20 kg dogs by 1 mg per 100 nu 
though larger increases can be more accurately measured A large 
injection may accelerate the renal excretion of phosphates and raise to 
scrum calcium to twice its normal level in 12 to 15 hours, usually w the 
disturbance to the health of the animal but . the calcium .8 maintain 
at i Wh level by repeated injections the blood becomes concentrat 
fnd the circulation sluggish, kidney function fails and hemorrhage occ^ 
m the gastrointestinal tract The calcium mobilized by the parathyro 
hormone comes from the skeleton, where it is probable that the hormo 
stimulates the formation and activity of the osteoclasts After prolong* 
treatment or in the presence of a parathyroid tumor, the bones are de- 
mineralized and become fibrous and cystic (hyperparathyroidism ostcit 
fibrnsal There is some tendency for the body to lose its responsiveness t 
narathvroid extracts this is particularly well seen in the rat *Iho extracts 
being obtained by rather drastic procedures, there is no certainty that th 
nrmciple they contain is the unaltered natural hormone, it is of protein 
nature 17 and destroyed by digestive enzymes 

experiments on tiie parathyroids 

1 Preparation of Parathyroid Extract Method of Colhp Place the fresh at 
parathyroids, from which the visible fat and connective tissue have been 
removed. In a small Bask or test tube cover with an equal volume of 5 P cr 
cent hydrochloric acid, and keep in a boiling water bath for 1 hour Alio* 
to cool, a nd remove the congealed fat mechanically Then make the sola 
u Rom and Wood J BiU Chtm |«* 49 (U43) 
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tion faintly alkaline with sodium hydroxide and add acid to the point of 
maximum precipitation of protein, which is just barely acid to litmus. 
Filter and dissolve the precipitate in weak alkali, and reprecipitate as be- 
fore. Filter again and combine the filtrates, adding 0.1 per cent tricresol 
as preservative and keep the combined filtrates, which constitute the desired 
extract, in an icebox until ready to use. 

2. Effect of Parathyroid Extract. Draw 8 to 10 ml. of blood from the saphe- 
nous or other suitable vein of a dog weighing at least 10 kg. Save this for deter- 
mination of serum calcium (p. 644). Inject subcutaneously, every 3 hours 
for the next 9 to 12 hours, 10 Hanson units of commercial parathyroid ex- 
tract (or a quantity of extract equivalent to 1 ox parathyroid) per kg. of body 
weight. Draw blood samples after the last injection, and again 12 hours later. 
Note the occurrence of depression and anorexia, the increased concentration 
of the blood, and the rise in serum calcium. 


THE ANTERIOR PITUITARY OR HYPOPHYSIS 

The anatomy of the pituitary gland, or hypophysis cerebri (Fig 212) is 
complex: the pars nertosa is a downgiowth from the hypothalamic region 



Fig 212 Hypophysis of Cat. 

1, Pars anterior; 2, hypophjsial cleft; 3, pars inter- 
media; 4, pars nervosa; 5, infundibular cavity; 6, para 
tuberalis, 7, optic chiasm. 

From Best and Tavlor Phunological Bant o{ Medical Practice. 

Courtesy, William Wood A. Co 

of the brain, and consists of modified nervous and glial cells, while the 
rest of the organ is derived from Rathke’s pouch, an upgrowth from the 
roof of the mouth. This gives rise to the pars tuberalis , which surrounds 
the stalk of the pars nervosa like a collar and spreads along the base of 
the brain, to the pars intermedia, closely apposed to the anterior surface of 
the nervosa and usually separated by a cleft (the cavity of the embryonic 
pouch) from the large, glandular pars anterior which lies in front and on 
either side of it. The gland can be broken in two at the cleft, leaving the 
intermedia and tuberalis adherent to the nervosa as a complex called the 
posterior lobe. The whole organ rests in a more or less fitting cavity in the 
sphenoid bone, the sella turcica. 

Removal of the whole organ or of the anterior lobe alone produces the 
following effects (best seen in the rat) : cessation of grow th; atrophy of the 
ovaries or testes, which cease to function in producing germ cells and 
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endocrine organs, atrophy of the thyroid, the reduction of thyroid activity 
lowering the metabolic rate, atrophy of the adrenal cortex, which may be 
the cause of an increased susceptibility to toxins, infections, etc , and of a 
tendency toward dissipation of carbohydrate stores and toward hypo- 
glycemia, and cessation of lactation, if in progress The administration of 
suitable extracts, or implantation of anterior-lobe tissue, more or less 
corrects these deficiencies It is uncertain how many distinct active 
principles are present in such extracts, but a number are widely recognized 
and have been separated m pure or nearly pure state All are of protein or 
polypeptide nature, are destroyed by digestive enzymes, and are relativ ely 
unstable to heat There may be interspecific differences in chemical 
composition rather than in physiological properties, and this may explain 
the observation that animals treated with anterior-lobe extracts over 
long periods tend to become unresponsive to them Clinically, overactivitj 
of the anterior lobe is associated with giantism and acromegaly (often 
accompanied by symptoms of diabetes and of hyperthyroidism) and 
congenital underactivity with dwarfism and infantilism In Simmonds 
disease the gland is almost wholly destroyed 

The hormones generally recognized as separate entities are (1) the 
grouth (somatotropic) hormone, capable of producing accelerated growth m 
young animals, especially growth in length, and active in metabolism in a 
“contra-insulin” sense, so as to cause severe hyperglycemia in susceptibl® 
animals and sufficient damage to the islets of Langerhans to produce a 
permanent “metahypophyseal” diabetic state, (2) the thyrotroph 
hormone, stimulating the thyroid gland to activity (reflected in increased 
height of the epithelial cells, discharge of iodine-containing thyroxine, 
and hence raised metabolic rate) and producing exophthalmos, (3) the 
adrenocorticotropic hormone (ACTH), stimulating the secretion of gluco- 
corticoids (see p 758), (4) prolactin, the “lactogenic” hormone, which 
stimulates milk secretion in fully developed mammary glands, and the 
glandular development of the crop seen in pigeons of both sexes while 
rearing their young, and which also has the luteotropic action of mam 
taming the structure and endocrine function of the corpora lutea, finally 
there are the gonadotropic hormones, differentiated as (5) “folhcle-stimu, 
Ir 1 !? 8 SSS) a ? d / 6) "luteinizing” or “interstitial cell-stimulating 
(LH or ICSH), which together incite the sex glands to both germinal and 
endocrine activity (for example, they produce, when injected into nnma 
ture female rats and mice, premature ripening of follicles, ovulation, 
formation of corpora lutea, and discharge of ovarian hormones which 
secondarily affect the uterus and vagina) A substance similar to the 
luteinizing hormone is produced by the human placenta during pregnancy 
and is termed chorionic gonadotropin (CG) or prolan, it is excreted in the 
unne, and the Aschheim-Zondek, Friedman, and other similar tests, 
based on this fact, are the most accurate means now available for diagnos- 
ing pregnancy in its early stages These tests also serve for the diagnosis of 
chonoepithehoma and hydatidiform mole, in which extremely large 
amounts of gonadotropin are excreted The serum of pregnant marcs 
(P\IS) contains jet another gonadotropin, which though of chorionic 
origin has a closer resemblance to FSH , it is not excreted in the unne 
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Gonadotropic substances (FSH and LH) of pituitary origin may appear 
in the urine when the sex glands are removed or have Ceased to function; 
so, too, removal or inactivation (e.g., by tliiouracil) of the thyroid leads to 
overproduction of thyrotropic hormone. It is evident that the secretory 
activity of the anterior lobe is to some extent regulated by the concentra- 
tion in the blood of the hormones (estrogens, progesterone, androgens, 
corticoids, thyroxine) produced by its “target organs,” so that a self- 
regulating or “servo” mechanism is set up. These hormones probabl}' 
influence a center in the brain which controls the anterior lobe by a 
mechanism partly neural and partly humoral, and which can also be in- 
fluenced by incoming nervous stimuli (e.g., those arising in the act of 
mating or the act of suckling) and by higher cerebral centers. 

THE POSTERIOR PITUITARY 

The posterior lobe contains principles which may be extracted from the 
acetone-dried gland with dilute acetic acid; Pituitrin is a commercial 
extract of this type. It contains vasopressin ( Pitressm ) which, on the one 
hand, affects the circulation, causing constriction of the capillaries lead- 
ing to extreme pallor and a tendency to raise blood pressure — offset, 
however, by an unfavorable action on the heart (coronary constriction) — 
and, on the other hand, checks the secretion of urine, especially by post- 
poning or abolishing the diuresis normally induced by administration of 
fluids. Oxytocin (Pitocin) is also present in Pituitrin but may be almost 
completely separated from Pitressin; it causes contraction of the smooth 
muscle of the uterus (except in the presence of an active corpus luteum), 
and is used therapeutically in the late stages of labor. The extracts also 
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affect the intestinal and bronchial musculature, and cause squeezing-out 
of milk from the ducts of the mammary gland 
The total synthesis of an octapeptide amide having the hormonal 
activity of oxytocin by du Vigneaud and associates 18 has established a 
landmark since it is the first polypeptide hormone to hav e been produced 
in the laboratory Its molecular weight is approximately 1000, the mole- 
cule consists of eight ammo acid equivalents (leucine, isoleucine, tyroaine, 
prohne, glutamic acid, aspartic acid, gljcine, and cj stine) and three 
equivalents of ammonia, the structure being in part cyclic (See p 775 ) 
The synthesis of the vasopressor antidiuretic hormone of the posterior 
pituitary by the Cornell investigators appears imminent 19 
If the posterior lobe is extirpated, or if the nerv e fibers which run into it 
from the nucleus supraopticus are sev ered, there is a permanent increase 
in urine flow and m water consumption (diabetes insipidus) The posterior 
lobe principles anse in the pars nervosa and are polypeptides, they are 
unstable m alkaline solution and inactive by mouth There is evidence 
that, as ordinarily obtained, they- may be breakdown products of a much 
larger molecule possessing both pressor and oxytocic activity The pars 
intermedia, which is embry ologically part of the anterior lobe, produces a 
substance ^ (intermedin) which causes expansion of pigment masses iu 
certain cells (mclanophores, erythrophores) in the skin of lower verte- 
brates A frog from which the pituitary is removed is rendered perrna 
ncntly pale in color by contraction of the melanophores It is uncertain 
whether this substance has any function in mammals 


EXPERIMENTS ON THE PITUITARY 
I Preparation of Anterior Lobe Extract Met hod of Ex ans “ Bovine anterior 

2 ml P T bIe ’ 3re * r ° Und m 3 mortar Wlth twice their 

° T T d for g of gland The wlume of the 

measured and three eighths of this quantity of 0 2 N NaOH is 

decanted offlnd ’ f °f ™ h ° Ur “ m the ‘“box, the^upernatant fluid .* 
decanted off and neutralized to phenol red with 0 2 N acetic acid Crude 
extracts of this type contain maxima, amounts of the se/eral hormone. 
*?j* P „i*K P ? * » t, ““lation of the sex glands is not very readily obtain 

anterioMobeVrnthe l? Mu!*' h °" eVer ’ 81,11 “^ler to dehydrate dissect^ 

“h** ln . the bopbilizing apparatus, when dry the tissue crumble* to 
a light, relatively stable powder, from which uniform suspensions are easd) 
prepared It may be advantageous to add small amount^ of penicillin and 
strrptomy dn. so as to lessen the risk of abscesses forming , r tZ .... nf ifll<* 
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is allowed to stand overnight. The precipitated benzoic acid, upon which the 
active material is adsorbed, is filtered of! with suction and dissolved in a vol- 
ume of acetone equal to the amount originally added. A small flocculent 
precipitate of acetone-insoluble material contains the active principle and is 
separated by decantation and centrifuging and thoroughly washed with 
acetone. Small additional quantities may be obtained by repeating the 
benzoic acid adsorption on the urine filtrate. The active principle is extracted 
from the combined precipitates by three treatments with distilled water, 
centrifuging after each extraction, and using not more than 25 ml. of water 
per liter of urine. The water-insoluble residue is discarded. Other useful 
methods involve adsorption upon Lloyd’s reagent 2 * or precipitation with 
tungstic acid. 5 * All these methods may be used to concentrate the activity 
in urines other than those of pregnancy, when the gonadotropic substance is 
too dilute to be determined by direct biological assay of the urine. 

3. Detection of Chorionic Gonadotropin {Prolan): Pregnancy Test of As ch- 
heitti and Zondek.** Five baby female mice, 6 to 8 g. in weight and 3 to 4 weeks 
old, are injected with the urine to be tested. This should be taken from the 
first sample passed in the morning, and toxic substances may be removed 
from it by shaking with ether. Each mouse is given 6 injections of 0.5 ml. of 
this urine, 3 doses on the first day and 3 on the second, and the animals are 
killed 96 hours alter the beginning of the test. The reaction sought consists of 
three parts: (I) Formation of large ovarian follicles and precocious appear- 
ance of estrus; (II) hemorrhagic follicles, easily seen under a lens as deep 
clear red spots; (III) formation of corpora lutea, visible under a lens. Reaction 
I by itself is insufficient to establish a diagnosis of pregnancy. The dependabil- 
ity of the reaction is at least 98 per cent. It usually becomes positive a few days 
after the first missed menstrual period ; in the ensuing month, the concentra- 
tion of the active principle rises to a well-marked maximum. Very high con- 
centrations occur in the presence of tumors of placental tissue (hydatid 
mole or chorioncpitheiioma). 

4. Friedman Pregnancy Test .* 5 This test is more rapidly completed, is 
equally accurate, and probably more convenient where tests are made only 
occasionally. It is based on the fact that rabbits ovulate only when their ova- 
ries are specifically stimulated, as they are after mating. A mature female 
rabbit, which must have been isolated in a cage by itself for at least three 
weeks previously, is given 10 ml. of urine to be tested by injection into the 
marginal ear vein. The ovaries are examined 24 hours later; a positive reac- 
tion is marked by reddish protrusions or by recent hemorrhage in the follicles. 
The abdomen may be opened and the ovaries inspected under anesthesia, so 
that the rabbit may be used again some weeks later, when the corpora lutea 
formed have disappeared. 

THE KIDNEY 

When the kidneys or the arteries supplying them are compressed, 
there follows a sustained rise in systemic blood pressure, resembling the 
clinical entity of essential hypertension; the phenomenon is independent 
of nervous connections and of changes in excretory function. It is ascribed 


** Davy and Scvnnghaus. Proc. Soc. Ex pit. Biol. JW, 30. 1422 (1933). 
** Katsman and Doisj ; Proc. Soc Ezptl Biol. Med., 31, 1SS (193S). 

** .Whhcun- J. dm. Med Atsoe.. 104. 1324 (1935). 

** Friedman and Lapham: dm. /. Obilct. Gynecol , 21, 405 (1931). 
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to the secretion into the blood of a globulin renin, which appears to be 
proteolytic enzyme and to vary in composition from species to species 
The substrate for renin is a fraction ( hyperleiunnogen or “activator 1 0 
the serum globulins, and the product of the reaction a heat-stable, 
dialyzable vasoconstrictor, probably a polypeptide, called hyperlensrt 
or angtolonin, this in turn is slowly destroyed by asubstance (“inhibitor, 
angiotonase, or hypertensinase) present in normal blood and tissues 

THE THYMUS AND PINEAL 

Endocrine function has frequently been ascribed to these organs, but 
has not been established, extirpation, even in very young animals, has no 
specific systemic effects 


OTHER HORMONES 

The first hormone whose function was clearly established (by Baying 
and Starling m 1903) was secretin This is a substance which is liberate 
from the walls of the duodenum when acid chyme enters the lumen, it 
earned by the blood to the pancreas, where it stimulates the secretion o 
pancreatic juice Tests on the most highly punfied secretin show it to be 
a polypeptide bee also p 393 

Less well established are cholecysloKinm, believed to anse in the same 
source and to stimulate contraction of the gallbladder, enlerogaslrorU, 
believed to inhibit the secretory and motor activity of the stomach when 
fat is present in the intestine, and gastrin, which pbj siologically resembles 
histamine, and may evoke secretion of hydrochlonc acid by the fundus oi 
the stomach when the pyloric region is stimulated by the presence of par" 
tially digested food 
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Urine: General Characteristics of Normal 
and Pathological Urine 


Secretion of Urine. The problem of the mechanism of the formation 
of urine by the kidney has occupied the attention of in\cstigatow for 
many years, and has produced many conflicting theories The filtration- 
reubsorption theory of Cushny has been the basis of the modern theoo. 
and the work of Starling, Marshall, Richards and their collaborators 
and of other m\ obligators has led to a more satisfactory conception of the 
processes involved 


Marshall has summarized the known facts relating to the formation of 
unne by the mammalian kidney in the following working hypothesis “ ^ 
?! thc I°"' col 1 ,old constituents of the plasma are eliminated by filtration 
through the glomerulus, water, chloride, bicarbonate potassium (possibly 

nf’thn'filtr, “ nc . aC ' d ’.? nd °.. th , 0r bod,cs) •* ro during the pas^B» 

of the nitrate along the tubules, urea and sulfates are also reabsorbed to 
some extent under certain conditions but not as acutely as chloride, 
ammonia, hippunc acid, and possibly other bodies are formed m the renal 
cell, and secreted, while certain foreign substance, VhcTpreicnt in the 
LTl iZ rcd) a " d P T bly "distances occurring in small amounts 
tnlSeeeUs tS.”' “TV**, ^ a ^nuwy concentration m the 
sidered suir.cmnt ? of Stamemlar filtrate on this hypothesis is eon 
not suitaent ^ s e '° T ““ ot ,ho buIfal « a “d urei eliminated but 
other bXes which * amm » n “ certain dyes (phenol red, etc ) and 

by the fadney " “"etntrated to a much greater extent than sulfate 

pansol! 1 of Ct ite a ™ nZ '; t ' 0n ° f glomerular unne of the frog and com 
W^l and nXrTf r h h,Irlu daneously collected bladder unne 
Inyinlm 2 3^, “,T' n ' ,atC :' “ ‘‘yPothose, dlnstrated dingrammaf 
conception nn if the wtl* 7 i" 0 "* 1 ‘ hat tbo cl ‘ ,rf ddTerence from Marshall » 

amounts of dve in th<* dyc t>ttret,on these workers having found small 

f,]t r at \ al ‘hough they admit much of 

bStetii^fr^ 

oonate and acidification of the_ unne, probably through excretion of 



Chap 27 


Urine General Characteristics 


781 


hydrogen ions 1 Reabsorption of glucose occurs in the proximal tubule, 
clnefly through esterification with phosphate The substance phlorizin 
pxev ents this esterification and hence permits glucose to pass into the urine 
(“phlorizin diabetes”) Nitrogenous waste products appear in the urine 
either through failure of reabsorption from the glomerular filtrate or 
through actual secretion by the tubular cells or both Ammonia appears 
definitely to be secreted by the tubular cells, some urea may arise in this 
manner, and there is evidence for the tubular secretion of creatinine by 
man and Necturus but not by the frog Thus species differences must be 
considered in interpreting kidney action 

Volume. The volume of urine excreted by normal individuals during 
any definite period fluctuates within very w ide limits The total volume of 
glomerular filtrate produced by normal adult kidnejs may be 75 to 150 
Uters in 24 hours How ever, after tubular reabsorption the a\ erage normal 


Bu*man s capsule 



Fig 213 Diagram Illustrating the For 
mation of Urine 


excretion of unne falls watlun the range of 1000 to 2000 ml The v olume 
excretion is influenced greatly bj the diet, particularly by the ingestion of 
fluids, and by the ambient temperature, w Inch affects not only fluid intake 
but also loss of water through perspiration Strenuous physical exercise 
causes a diminished output of urine 

Certain pathological conditions cause the output of urine for any defi- 
nite period to depart very decidedly from the normal output If the output 
is increased the condition is termed polyuria , w hereas a diminished excre- 
tion is termed oliguria Among the pathological conditions in which the 
\ olume of unne is increased abo\e normal are the following diabetes 
melhtus, diabetes insipidus, certain diseases of the nervous system, con- 
tracted ludnej , amyloid degeneration of the kidney, and m convalescence 
from acute diseases in general Many drugs such as calomel, digitalis, 
acetates, and salicylates also increase the volume of the unne excreted A 
decrease from the normal is observed in the following pathological con- 
ditions acute nephntis, diseases of the heart and lungs, fev ers, diarrhea, 
and vomiting 

Color. Normal urine ordmanl> possesses an amber jellow tint, the 
depth of the color being dependent in part upon the density of the fluid 


1 Pitts and Vlcxandcr In. J Physiol 144 239 (1945) 
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The color of normal urine is due principally to a pigment called uro- 
chrome Traces are generally present of urocrythnn, a red pigment pos- 
sibly demed from the mclamns, coproporphyrins, and uroporphyrin, 
iron-free reddish pigments resulting from the metabolism of heme m 
porphyria, a disorder of porphynn metabolism, the porphyrin content is 
increased In certain other pathological urines a chromogcn (indolcacetic 
acid) may be present This yields uroros-’in, a reddish pigment, vvhen tne 
unne is strongly acidified (see p 852) Urochrome is said to be a com- 
pound of urobilin and urobilinogen with a peptide substance The amount 
excreted per day by an adult man has been estimated at 7 3 mg , being 
very constant for a given individual Under pathological conditions of 
after the administration of various drugs or antiseptics, the color of the 
urine may vary in intensity from an extremely light yellow to a v cry dart- 
brow n or black or may even assume the color of the drugs or their 
degradation products Vogel has constructed a color chart which is of 
some value for purposes of comparison The nature and origin of the 
chief variations in the urinary color are set forth m tabular form on p 
783 

T urbld Urine. Normal unne is ordinanly perfectly clear and trans- 
parent when voided On standing for a vanable time, however, a cloud 
(nubecula) consisting principally of nucleoprotein or mucoid (sec p 810) 
and epithelial cells forms A turbidity due to the precipitation of phos- 
phates is normally noted in unne passed after a hearty meal The unne 
obtained two to three hours after a meal or later is ordinarily free fro® 
turbidity Permanently turbid urines ordinarily arise from pathologic® 
conditions 


Odor. The odor of normal unne is of a faint aromatic type The nub- 
stances to which this odor is due are not well known but it is claimed b) 
some investigators to be due, at least in part, to the presence of minute 
amounts of certain volatde organic acids When the unne undergoes de- 
composition, e g , m alkaline fermentation, a v ery unpleasant ammoniac® 
odor is evolved All unnes are subject to such decomposition if allowed to 
stand for a sufficiently long time Under normal conditions the unne very 
often possesses a peculiar odor due to the ingestion of some certain dmS 
or \egetable For instance, cubebs copaiba myrtol, saffron, tolu, a” 1 
turpentine each impart a sometihat specific odor to the unne After 
ingestion of asparagus, the unne also possesses a typical odor attnbuted to 
methyl mercaptan (CH, SH) n Inch may, hotter er, exist in unne only & a 
precursor tthioh yields the mercaptan on heating in acid solution 
l ^ req “ en ? y of Urination. The frequency of unnation vanes great!) u> 


- , , , , ui unaauon vanes , 

m r™ !“ ral a , ^ e P en dent upon the amount of 


T , --pv.iutut uuun uie diuuuuo - — , 

in the bladder In pathological conditions an inflammatory a flection « 
the urmary tract or any disturbance of the innervation of the bladder tnB 
influence the frequency Affections of the spinal cord tthich lead to oo 
increased .rntabihty of the bladder or a tteakcmng of the sphincter, or 
any condition lowering the residual capacity of the bladder will result ® 

,n T f r iUenC L°f i mnatlon 11 ^eii aids in diagnosis J , 

Reaction. The mixed 24-hour urinary excretion of a normal individual 
ordinanly possesses an acid reaction to litmus The actual hydrogen-® 11 
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Color 

Cause of Coloration 

Pathological Condition 

Nearly colorless 

Dilution, or diminution of 
normal pigments 

Nervous conditions hy 
druna, diabetes insipidus, 
granular kidney 

Dark j ellow to brow n red 

Increase of normal, or oc- 
currence of pathological, 
pigments Concentrated 
unne 

Acute febrile diseases 

Milky 

Fat globules 

Chyluna 


Pus corpuscles 

Purulent diseases of the 
urinary tract 

Orange 

Excreted drugs 

Santonin ebrysophame acid 

Red or reddish 

Uroerythrm, uroporphyrin 
coproporphyrm hemoglo 
bin and myoglobin 

Porphyrin hemorrhages, 
hemoglobinuria, trauma 


Pigments in food (logwood, 
madder, bilberries, fuchsin) 


Brown to brown black 

Hematm 

Small hemorrhages 


Methemoglobin 

Methemoglobinum 


Melanin 

Melanotic sarcoma 


Hydroquinol and catechol 

Phenol poisoning 

Greenish yellow, greenish 
brown, approaching black 

Bile pigments 

Jaundice 

Dirty green* or blue 

A dark blue scum on the 
surface, with a blue de- 
posit, due to an excess of 
indigo forming substances 

Cholera, typhus, seen espe- 
cially when the urine is 
putrefying 

Brown yellow to red brown, 
becoming blood red upon 
adding alkalis 

Substances contained in 
senna, rhubarb, and cheli 
domum which are intro 
duced into the system 



♦This ihrty green or blue color also occurs after the use of meth> lene bluo m the or 


gams in 
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concentration vanes o\er a wide range (pH 4 8 to 8 0), the mean being 
about pH 6 The reaction of the urine represents an equilibrium among 
a large number of acid and basic constituents, both organic and inorganic, 
which it contains Vlthough organic acids and bases play a part in produc- 
ing the normal reaction, this reaction is probably, m the main, dependent 
upon the relative amounts of the mono- and dibasic sodium and potas- 
sium phosphates present The monobasic sodium phosphate (XaHjPOi) 
is acid in reaction, while the dibasic phosphate (NajHPOi) is alkaline m 
reaction The excretion of acid or alkaline phosphate by the kidneys is one 
of the factors in the regulation of the neutrality of the blood and of the 
organism in general The acidity of the unne, as determined by titration, 
runs in general parallel with the hydrogen-ion concentration and seems 
to be dependent upon the same factors, and in more acid urines mainb 
on the phosphate content Van Slyke and Palmer ha\ e show n that normal 
men excrete organic acids equivalent to only about 6 ml of 0 I N acid 
per kilo in 24 hours Strenuous phj sical exercise produces an increase in 
hydrogen ion concentration and in acid and ammonia output (rorfurther 
discussion of acidity, see Chapter 31 ) 

The mean acidity m cardiorenal diseases is high— about pH 5 3 as com 
pared with pH G, the normal mean In general the acidity tends to he 
increased in the greater number of pathological disorders 

The composition of the food 13 perhaps the moot important factor m 
determining the reaction of the unne (see Chapter 34, “Inorganic 
Metabolism,’' for the influence of base forming and acid-forming foods) 
The reaction ordinanly vanes considerably according to the time of daj 
the unne is passed For instance, for a variable length of time after a 
meal the unne may be neutral or even alkaline in reaction to litmus, owing 
to the claim of the gastnc juice upon the acidic radicals to further the for 
mation of hjdrochlonc acid for use in carrying out the digestiv e secrctor' 
function. This hypothesis lias been verified experimentally This chang e 
in reaction is known as the all aline tide and is common to perfect!} 
healthy individuals The urine may also become temporarily alkaline m 
reaction as the result of ingesting alkaline carbonates or certain salts o 
tartaric and citnc acids which ultimately }ield bicarbonate within the 
organism Ingestion of and fruits (oranges, lemons, peaches, etc ) cau^= 
the formation of alkaline unne This is due to the fact that the ash of such 
fruits is alkaline and when the fruits are combusted in the bod} bicar- 
bonate is formed On the other hand, bread, cereals, meats, etc , yield 3° 
acid ash and an acid unne Certain acid fruits, like cranbernes, plu® 5 . 
and prunes, increase unnary acidit} This is due to the fact that these 
fruits contain considerable quant ties of quintc acid Instead of being 
oxidized this is converted into hippunc acid, which renders the unne acid 
m reaction 

Normal unne upon standing for some time becomes alkaline owing to 
the inception of alkaline or ammoniaia) fermentation through the agenc' 
of mu roorgam-ms I hi-, ferrm utation has no especial diagnostic value 
exnpt in taM-s when the unne lus undergone this change mthin l‘ ,e 
organism and is voided m the decomposed state Vmmoruacal fermenta- 
tion i«t ordtnanl} due to t jstitis or oc< urs as the result of infection in the 
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process of catheterization. A microscopical examination of such urine 
(Fig. 214) shows the presence of ammonium magnesium phosphate 
crystals, amorphous phosphates, 
and not infrequently ammonium 
urate. 

Occasionally a urine which pos- 
sesses a normal acidity \\ hen voided 
will upon standing, instead of un- 
dergoing ammouiacal fermentation 
as above described, become more 
strongly acid in reaction. Such a 
phenomenon is termed add fermen- 
tation. Accompanying this increased 
acidity there is ordinarily a deepen- 
ing of the tint of the urinary color. 

Such urines may contain acid ur- 
ates, uric acid, fungi, and calcium 
oxalate (Fig. 215). On standing for 
a sufficiently long time any urine 
which exhibits acid fermentation 
will ultimately change in reaction 
owing to the inception of alkaline fermentation, and will show the micro- 
scopic deposits characteristic of such a urine 

Specific Gravity. The specific gravity of the urine of normal indi- 
viduals varies ordinarily between 1.015 and 1 025. This value is subject to 



Fig. 215. Deposit in Acid Fermentation. 
a, Fungus; b, amorphous sodium urate; c, unc 
acid; J, calcium oxalate. 


wide fluctuations under various conditions. For instance, following 
copious water- or bcer-dnnking the spcciflc gravity may fall to 1.003 or 
lower, whereas in cases of excessive perspiration it may rise as high as 
1.040 or eveu higher. Where a very accurate determination of the specific 
gravity is desired, use is commonly made of the pycnometer or of the 
Westphal hydrostatic balance. These instruments, however, are not 



Fig 214. Deposit in Ammomacal 
Fermentation. 

a, Acid ammonium urate, 6, ammon- 
ium magnesium phosphate, c, bacteria 
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suited for clinical use The clinical method of determining the spcci c 
gravity is by means of a urinometer (Fig 21G) This affords a very rapt 
method and at the same time is sufficiently accurate for clinical purposes 
The unnometer is always calibrated for use at a specific temperature an 
the observations made at any other temperature roust 
be subjected to a certain correction to obtain the true 
specific gravity In making this correction one unit ro 
the third decimal place is added to the observed 
specific gravity for every three degrees centigrade 
above the normal temperature and subtracted for 
every three degrees below the normal temperature 
For instance, if in using a unnometer calibrated for 
15° C the specific gravity of a urine having a tempera 
ture of 21° C is determined as 1 018, it is necessarj 
to add to the observed specific gravity 2 X 0 001 to 
obtain the real specific gravity of the urine Ihcreforc 
the specific gravity at 15° C of a urine having a specific 
gravity of 1 018 at 21° C , would be 1 018 + 0 002 
- 1020 

Pathologically, the specific gravity may be sub- 
jected to very wide vanations This is especially true 
in diseases of the kidneys In acute nephritis ordinary} 
the urine is concentrated and of a high specific 
gravity, whereas in chronic nephntis the reverse con 
ditions are more apt to prevail In fact, under most 
conditions, whether physiological or pathological, the 
specific gravity of the urine is inversely proporti° na * 
to the volume excreted This is not true of diabetes 
melhtus, however, in which the volume of urine is 
large and the specific gravity also is high, owing t° 
the sugar contained in the urine 

The total solids normally excreted in the urine ms} 
be roughly calculated by means of Long’s coefficient 
l e , 2 G The solids content of 1000 ml of urine is obtained by multipb 
mg the last two figures of the specific gravity observed at 25° C by 2 ® 
To determine the amount of solids excreted in 24 hours if the v olunjie 
was 1120 ml and the specific gravity was 1 018 the calculation would 



Fig 216 Urinou 
ETEH AND CTE 
INDER 


be as follows 


(a) 18 X 2 G = 4G 8 g of solid matter in 1000 ml of urine 
4G8 X 1120 

W 1000 ~ 4 g of solid matter in 1 120 ml of urine 

Collection and Preservation of the Urine Sample. If any depend 
able data are desired regarding the quantitative composition of the urine 
the examination of the mixed excretion for 24 hours is absolutely neces- 
sary In collecting the unne the bladder may be emptied at a given hour, 
say 8 a u , the unne discarded and all the urine from that hour up to 
and including that passed the next day at 8 am, saved, thorough!} 
mixed, and a sample taken for analysis 
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Toluene is a very satisfactory preservative for urine In using this 
preservative simply overlay the urine with a thin layer of the toluene 
Formaldehyde (2 drops per 50 ml of urine) or a bit of camphor or thymol 
are also satisfactory urine preservatives which do not interfere with the 
tests for the major urinary constituents 
Another satisfactory preservative consists of a 3 2 mixture of hexa- 
methylenetetramine (urotropm) and salicylic acid, which is used m the 
proportion of 50 mg per 10 ml of urine These substances produce 
formaldehyde in solution and, it is claimed, do not interfere with any of 
the usuaL tests 

In certain pathological conditions it is desirable to collect the unne 
passed during the day separately from that passed during the night When 
this is done, the unne voided between 8 am and 8 pm may be taken as 
the day sample and that voided between 8 pm and 8 \ w as the night 
sample 

The qualitative testing of unne samples collected at random, except in 
a few specific instances, is of no particular value so far as giving us any 
accurate knowledge as to the exact urinary characteristics of the individ- 
ual is concerned In the great majority of cases the qualitative as well as 
the quantitative tests should be made upon the mixed excretion for a 
24-hour period as well as upon a night sample as above desenbed 
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Urine: Physiological Constituents’ 


Norma\ untie \anes widely in composition, being influenced by die 
and other factors The following table represents the composition 
aicragc normal urine 

CouiOdiTios or a Typical Normal Ueise 

Daily hzerthon m 


tonulilucnl Grams 

Water 1200 0 

Solids CO 0 

VCrca 10 0 

Lric acid 0 7 

Hippuric acil 0 7 

Crcatimni. 1 2 

lndican 0 oi 

Oxalic acid 0 02 

Mlaatoin 0 04 

\mino acid nitrogen 0 2 

I’urinc bases 0 01 

PI cnols 0 2 

Chloride aa NaCl 12 0 

bodium 4 q 

Potassium 2 0 

Calcium 0 ^ 

Magntvium 0 15 

bulfur, total, ash IQ 

Inorganic sulfates m S 0 8 

Neutral sulfur m S 0 12 

Conjugated s dfalcs as S q og 

Wssrfat* a* V 
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Urea is tbe principal end product of the metabolism of protein sub- 
stances in mammals, amphibia, and elasmobranch fishes About 80 to 90 
per cent of the total nitrogen of human urine is present as urea The dis- 
tribution of the nitrogen of the urine among urea and the other nitrogen- 
containing compounds present depends upon the absolute amount of the 
total nitrogen excreted A decrease in the total nitrogen excretion is alw ays 
accompanied by a decrease in the percentage of the total mtrogen excreted 
as urea By so reducing the protein content of the diet of a normal person 
as to cause the excretion of total mtrogen to be reduced to 3 to 4g in 24 
hours, only about 60 per cent of this nitrogen appears m the urzne as urea 
Urea is the only one of the nitrogenous excretions which is decreased, rela- 
ti\ely as well as absolutely, as a result of decreasing the amount of pro- 
tein metabolized Folm reported a hospital case in which only 14 7 per 
cent of the total mtrogen was present as urea and about 40 per cent was 
present as ammonia Morner had previously reported a case in which but 
4 4 per cent of the total nitrogen of the urine was present as urea, and 2G 7 
per cent was present as ammonia 

Urea occurs most abundantly in the urine of man and carnivora and m 
ooraewhat smaller amount in the urine of herbivora, the urine of fishes, 
ampV lbians, and certam birds also contains a small amount of the sub- 
stance Urea is also found in nearly all the fluids and in many of the tissues 
and organs of mammals The amount excreted under normal conditions 
by an adult man in 24 hours is about 30 g The excretion is greatest in 
amount on a diet of meat, and least in amount on a diet consisting of 
nonmtrogenous foods, this is due to the fact that the urea output is regu- 
lated by the protein metabolism A low-protein diet has a tendency to de- 
crease the metabolism of the tissue proteins and thus the output of urea 
under these conditions may fall below that observed during starvation 
The output of urea is also increased after copious water- or beer-dnnkmg 
The increase is probably due primarily to the washing out of the tissues 
of the urea previously formed, but which had not been removed in the 
normal processes, and secondarily to a stimulation of protein catabolism 

The formation of urea appears to be a property of the liver exclusively 
This has been demonstrated by experiments in which there was complete 
cessation of urea formation after extirpation of the liver Studies with 
isolated tissues, incubated in thin slices under physiological conditions, 
have also shown that only liver tissue is capable of synthesizing 
urea 

The mechanism of urea formation by the liver is still uncertain Early 
views included formation from free NHj, presumably hberated from 
ammo acids by oxndativ e deamination, through the intermediate forma- 
tion of ammonium carbonate, (NH<) 2 C0 3 , or ammonium carbamate, 
NH, O CO NHj Attention has shifted to the role of certam amino acids 
m urea formation because of the studies of Krebs and Henseleit These 
investigators, working with liver slices, showed that the liver could syn- 
thesize urea from ammonia and postulated the existence of a cyclic 
mechanism including ammonia, carbon dioxide, and the ammo acids 
arginine, ornithine, and citrulline The steps in the process, iccording to 
the orntthuic cycle theory, arc as follows 
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NH, 

MIi C-MI — (CHi)» i-COOH 

MI H 

Arginine 


NH, 

,4c 


— MI, (CH,), 6 COOK +NIIrCNH, 
Arotnase I I! 

II O 

Ornithine Urea 


CO, 

MI, 

. I 

HO C MI— (CH,), C COOH 

1 I 

O H 

i Carbaminoormthine 


MI, 

!,), i c 


-MI. C-MI— (CH,), C COOH 

1 

Citrulline 


Thus the pnmarj source of urea according to this theory is the action 
of the cnzjme argvuue on the ammo acid arginine to produce urea and 
ornithine The ornithine acts as a tataljst being converted bach to 
arginine by the reactions shown, taking up ammonia and carbon dioxide 
in the process which ultimate!) 
appear as urea This theory fade 
attractive is not universally aC " 
cepted (see Chapter 33) Point* 
m its fav or include the well known 
and powerful arginase activity of 
liver and the fact that citrullme 
first isolated from watermelon 
juice is found in small amount in 
the blood and its synthesis b) 

liver tLssuc can be demonstrated 
Opposed to it is the fact that th c 
experimental demonstration of the 
ornithine ejele with liver slices 
requires thc orescnce of free am 
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nh 3 


COH 

/ \ 

N N 

I I < 

HO-C COH 

\ S 

N 

Cyanurlc Acid 


HN=C 



s / 

► H — N=C=0 + HN=C 


nh 2 


Cyanic Acid 

+ 

NH, 

Ammonia 


h 2 n — CO 

] 

NH - 


H,N— CO 

Biuret 
(Kcto Form) 


\ 

OH 

Urea 

(Active Form) 

4- 

HN=COH 

I 

NH 


HN=ioH 

Biuret 
(Enol Form) 


The biuret may be dissolved in water and a reddish-violet color obtained 
by treating the aqueous solution with copper sulfate and potassium hy- 
droxide (see “Biuret Test,” p. 171). Certain hypochlorites or hypo- 
bromites in alkaline solution decompose urea into nitrogen, carbon 
dioxide, and water. Sodium hypobromite brings about this decomposition 
as follows: 


CO(NH 2 ) s + 3NaOBr -► NaBr + N* + C0 2 + 2H 2 0 

According to the Werner hypothesis, the urea is momentarily brominated 
and the resultant compound hydrolyzed by the alkali and oxidized by 
hypobromite. Sodium cyanate, sodium nitrate, hydrazine, and CO are 
formed as by-products, thus accounting for the low nitrogen values ob- 
tained in the clinical application of this method. 

Soybeans, jack beans, and watermelon seeds contain an enzyme called 
urease which has the power to decompose urea with the liberation of 
ammonia. This fact is made use of in the quantitative determination of 
urea (see Chapter 23). Urease action appears to involve the intermediate 
formation of ammonium carbamate and not of cyanate. 

Urea forms crystalline compounds with certain acids; urea nitrate and 
urea oxalate are the most important. Urea nitrate, C0(NH:) 2 -HN0 2 , 
crystallizes in colorless rhombic or six-sided tiles (Fig. 218), which are 
easily soluble in water. Urea oxalate, (CO(NHa) 2 )i"H,C 2 04 , crystallizes 
in the form of rhombic or six-sided prisms or plates (Fig. 219) : the oxalate 
differs from the nitrate in being somewhat less soluble in water. 
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A decrease in the excretion of urea is ob^en ed m many diseases in winch 
the diet is much reduced, m diseases associated with impaired liver lunc- 
tion in some disorders as a result of alterations in metabolism, eg, 
myxedema, but most frequently as a result of dimniLshed excretion, as in 



severe and advanced kidney disease In fact, the determination of the 
ability of the hidncjs to excrete urea (the “urea clearance” test, see 
Chapter 31) is perhaps the most \ aluable single clinical index of renal 
function A pathological mcrease may result from tissue catabolism in 



febntc or wasting conditions In marked acidosis it maj be considcrabb 
decreased relative to the total nitrogen (see 4 \mmonia ” p 814) 

Strong solutions of urea have a remarkable solv ent effect upon proteins 
such as coagulated protein, and upon starch and other substances 
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EXPERIMENTS ON UREA 

2. Isolation from the Urine. Evaporate 200 ml. of urine in a casserole or 
evaporating dish over a free flame until the volume is reduced to about 25 ml. 
Transfer the container to a steam or water bath and continue the evapora- 
tion until the residue is semisolid, spreading the material over the sides 
of the dish to aid In removing as much water as possible. Add 50 ml. of 
acetone to the residue and stir thoroughly while the acetone is kept gentlj 
boiling on a previously heated water bath (with the flame turned out) or 
steam bath. Do not allow more than one-quarter of the acetone to boil off. 
Because of the inflammable and poisonous nature of acetone vapor, this and 
further operations should be conducted in the hood and in the absence of a 
free flame. Filter the hot extract quickly through a small dry Alter Into a dry 
100-ml. beaker. Repeat the extraction of the residue once more with acetone, 
adding the flltrate to the first portion. Concentrate the combined extracts 
to a volume of 25 ml. on the steam bath or by placing the beaker In hot water. 
Chill the concentrated solution with cold water, cover, and allow to stand 
until crystallization occurs. Filter off the urea crystals, wash them with a 
little acetone, and allow to dry in air. Examine the crystals under the micro- 
scope and compare them with those shown in Fig. 217. 

2. Melting Point. Determine the melting point of some urea crystals as 
follows: Into an ordinary melting-point tube, sealed at one end, introduce 
powdered urea. Fasten the tube to the bulb of a thermometer and suspend 
the bulb and its attached tube in a small beaker containing concentrated 
sulfuric acid. Gently raise the temperature of the acid by means of a low 
flame, stirring the fluid continually, and note the temperature at which 
the urea begins to melt. 

3. Crystalline Form. Dissolve a crystal of pure urea in a few drops of 95 per 
cent alcohol and place 1 to 2 drops of the alcoholic solution on a microscopical 
slide. Allow the alcohol to evaporate spontaneously, examine the crystals 
under the microscope, and compare them with those reproduced in Fig. 217. 
Recrystallize a little urea from water in the same way and compare the 
crystals with those obtained from the alcoholic solution. 

4. Formation of Biuret. Place a small amount of urea in a dry test tube 
and heat carefully m a low flame. The urea melts at 132° G. and liberates 
ammonia. Continue heating until the fused mass begins to solidify. Cool 
the tube, dissolve the residue in dilute sodium hydroxide solution, and add 
very dilute copper sulfate solution (see p. 171). The purplish-violet color is 
due to the presence of biuret which has been formed from the urea through 
the application of heat as indicated. The chemistry of this reaction is shown 
on p. 791. 

5. Urea Nitrate. Prepare a concentrated solution of urea by dissolving a 
little of the substance in a few drops of water. Place a drop of this solution 
on a microscopical slide, add a drop of concentrated nitric acid, and examine 
under the microscope. Compare the cr>stals with those reproduced in 
Fig. 218. 

6. Urea Oxalate. To a drop of a concentrated solution of urea, prepared as 
described in Exp. 5, add a drop of a saturated solution of oxalic acid. Examine 
under the microscope and compare the cr>stals with those shown In Fig. 219. 
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7. Decomposition by Sodium Hypobromite Into a mixture of 3 ml of con 
centrated sodium hydroxide solution and 2 ml of bromine water In a tes 
tube Introduce a crystal of urea or a small amount of concentrated solution 
of urea Through the influence of the sodium hypobromite, NaOBr, the urea 
is decomposed and carbon dioxide and nitrogen are liberated The carbon 
dioxide is absorbed by the excess of sodium hydroxide, while the nitrogen is 
evolved and causes the marked effervescence observed This property form* 
the basis for one of the methods in common use for the quantitative determl 
nation of urea Write the equation showing the decomposition of urea by 
sodium hypobromite 

It is claimed that all amnion um compounds and all compounds containing the 
ammo [ — MI*] group yield nitrogen when treated with hypobromite as in thi3 test 

8 Decomposition by Urease To 5 ml of urea solution in a test tube add 
1 ml of urease solution or a little soybean or jack bean powder Allow the 
tube to stand for 10 minutes, heat the contents to boiling, holding moist red 
and blue litmus papers at the mouth of the tube What do you observe? 
Note the odor Explain 


URIC ACID 


IIN— CO 

oi: i — nh 

\o 

I1N— <3— NH 

Keto (lactam) form 


>C C — N 

IN— C — N 


N=C— OH 
HO i C— NH 

^C— OH 

■ a. S 
N— 6— N 

Enol (lactlm) form 


Uric acid in found in the urine normally to the extent of about 0 o to 
1 0 g per 24 hours but this amount is subject to aide variations P ar 
ticularly under certain dietary and pathological conditions On a punni^ 
free diet the unc acid output may be 0 1-0 5 g p er day whereas a high 
punne diet may yield a daily output of 2 g Uno acid acts as a weal 
dibasic acid and forms tlvo classes of salts neutral and acid The neutral 
potassium and lithium urates arc the most easily soluble of the alhah 
salts, the ammonium urate is difficultly soluble The acid salts are 
insoluble and form the major portion of the sediment which separates 
upon cooling the concentrated unne the alkaline earth urates are scry 
insoluble Ordinarily unc acid occurs in the unne in the form of urates and 
upon acidifying the liquid the unc acid is liberated and deposits in crjs- 


Unc acid is closely related to the punne bases as may be seen from a 
comparison of its structural formula with those of the punne bases gi'® 
on p 202 Wording to the punne nomenclature it is designated 2 6 8- 
hoc acid forms the pnncipal end product of tile nitrogenous 
m„,n ° , ot b ' r ; 1 ” ; an, f »“>> re P<de» III the human organism it occupies 
bTinsn ' ““"‘"tatnely me nor to urea ammonia and creatinine 
' , ' 1 ar,,i P'obnbl) results pnncipally from the destniction of 

ut cellular 1 “ food “ r (r ""> <>“• 

S ellular matter of the organism Ihe unc acid resulting from the diet 
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was formerly said to be of exogenous origin, whereas the product of cellular 
catabolism was said to be of endogenous origin It is now known that 
metabolic activities cannot be properly explained on such a simple basis 
However, the terms endogenous and exogenous are nevertheless fre- 
quently employed Folin demonstrated that, following a pronounced de- 
crease m the amount of protein metabolized, the absolute quantity of uric 
acid is decreased, but that this decrease is relatively smaller than the de- 
crease in the total nitrogen excretion and that the percentage of the uric 
acid nitrogen, in terms of the total nitrogen, is therefore decidedly 
increased 

The enzymatic conversion of the punnes adenine and guanine to the 
intermediates hypoxanthine and xanthine, and of the latter to uric acid 
by means of xanthine oxidase, is discussed m Chapter 7, “Nucleic Acids 
and Nucieoprotems ” With the exception of man, the higher apes, and the 
Dalmatian dog, mammalia carry the conversion one step farther, ie, to 
allantoin, through the action of the enzyme uncase Despite the absence 
bf a typical uncase from human tissues, there is no question but that the 
human organism has considerable ability to destroy uric acid, by mech- 
anisms not known Thus unc acid excretion represents a balance between 
the rate of production and the rate of destruction From experiments on 
dogs, Mann and associates drew the conclusion that the destruction of 
unc acid depends on the presence of the liver The extirpation of the liver 
causes an accumulation of unc acid in the blood and tissues or an in- 
creased elimination in the urine if renal activity is maintained These 
experiments also indicate that the liver is of considerable importance m 
the general metabolism of the purines 

Using the isotope technique it has been shown 2 that orally administered 
uric acid is “extensively degraded” to urea, whereas intravenously ad- 
ministered unc acid is excreted essentially unchanged This latter finding 
is m agreement with the reported absence of uncase in human tissues 

In birds the formation of uric acid is analogous to the formation of urea 
in man In these organisms it is derived principally from the protein 
matenal of the tissues and the food and is formed through a process of syn- 
thesis which occurs for the most part m the liver, a comparatively small 
fraction of the total uric acid excretion of birds may result from nuclear 
material 

When pure, uric acid may be obtained as a white, odorless, and tasteless 
powder, which is composed principally of small, transparent, crystalline 
rhombic plates Unc acid as it separates from the unne is invariably pig- 
mented, and crystallizes m a large variety of characteristic forms, e g , 
dumbbells, wedges, rhombic prisms, irregular rectangular or hexagonal 
plates, whetstones pnsmatic rosettes, etc Unc acid is insoluble in alcohol 
and ether, soluble with difficulty m boiling water (1 1800) and practically 
insoluble in cold water (1 39,480, at 18° C ) It is soluble in alkalies, alkali 
carbonates, boiling glycerol, concentrated sulfunc acid, and in certain 
organic bases such as ethylamme and piperidine It is claimed that the 
unc acid is held in solution in the urine b> the urea and disodium hydro- 


1 Geren Bendich BodansLj and Brown J Biol Chem 183 21 (1050) 
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gen phosphate present Unc acid possesses the power of reducing cupric 
hj droxide m alkaline solution and may thus lead to an erroneous concur 
sion in testing for sugar m the unne by means of Fehhng’s or Trommcrs 
test A white precipitate of cuprous urate is formed if only a small amount 
of cupnc hydroxide is present, but if enough of the copper salt is present 
the fcharactenstic red or brownish red precipitate of cuprous oxide i» 
obtained Unc acid does not possess the power of reducing bismuth m 
alkaline solution and therefore does not interfere in testing for sugar W 
the unne by means of Boettger’s or Xylander’s tests 

In addition to being a constant unnary constituent unc acid is present 
in small amounts in normal human blood as well as in the blood of birds 
It is also normally present in the brain, heart, liver, lungs, pancreas, and 
spleen 

Pathologically, the excretion of unc acid is subject to wide variation^ 
but the expcnmcntal findings are rather contradictory It may be stated 
with certainty, however, that in leukemia, because of the destruction ot 
nuclear matenal, the unc acid output is increased absolutely as well as 
relatively to the urea output, under these conditions the ratio between the 
unc acid and urea may be as low as 1 9, whereas the normal ratio, as we 
have seen, is 1 60 or higher An actual output of 12 g of unc acid per daj 
has been reported in leukemia 

In gout the kidney is said to lose the power of properly eliminating unc 
acid and it collects in the blood m abnormally high concentration Thw 
is accompanied by the deposition of unc acid in the joint cartdages and 
especially m the joint of the big toe Tests have been reported* which 
“minimize the role of dietary punne in the production of overt gout" 

The unc acid content of the unne is of importance m relation to the 
formation of unc acid calculi Ihc administration of alkali carbonates 
and citrates, or the feeding of base-forming foods by decreasing the 
acidity of the unne, increases its solvent power for unc acid and decrease 3 
the liability of formation of this type of calculus 
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remains which turns purpHsh-red after the dish has been cooled and‘a drop 
of very dilute ammonium hydroxide has been added. The color is due to the 
formation of murexide. If potassium hydroxide is used instead of ammonium 
hydroxide, a purplish-violet color due to the production of the potassium 
salt is obtained. The color disappears upon warming; with certain related 
compounds (purine bases) the color persists under these conditions. This is 
a valuable test for the detection of uric acid calculi. 

In this reaction the uric acid is oxidized to dialuric acid and alloxan. These' tno 
substances condense to form alloxantin This alloxantin reacts with ammonium 
hydroxide to form purpuric acid. The purple color is due to the formation of 
ammonium purpurate or murexide. 



4, Phosphotungstic Acid Reaction ( Folin ). To 20 ml. of saturated sodium 
carbonate solution in a smaii beaker add a small amount of uric acid. Stir 
the solution until the uric acid has dissolved, then add 1 ml. of Folin's uric 
acid reagent (see p. 560), A blue color results. 

5. Silver Reduction Test ( Schiff ). Dissolve a small amount of pure uric acid 
in sodium carbonate solution and transfer a drop of the resulting mixture 
to a strip of filter paper saturated with silver nitrate solution. A yellowish- 
brown or black coloration due to the formation of reduced silver is produced. 
It is claimed that chlorides interfere with this test. 

CREATINE 
NH 2 * 

I 

C=NH 

I 

HjC — N— CII 2 COOIl 

Creatinine. Cieatinine is the anhydride of creatine (methylguanidino- 
acetic acid) and is a constant constituent of normal human urine. Under 
nurmal conditions about 1 to 1.8 g. of creatinine arc excreted by an adult 
man in 21 hours. The exact amount of creatinine excreted under ordina**’' 


CREATININE 
NH CO 

i=XH I 
I I 

H.C— N CH, 
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circumstances depends in part upon the nature of tho diet, since mi 
creatinine in the diet is excreted unchanged in the urine roods such as 
meat and fish contain significant amounts of performed creatinine, pa 
ticularly after cooking Creatinine excretion decreases somewhat 
starvation The absolute amount of creatinine eliminated in the urm 
on a creatimne~free diet is practically a constant quantity for a give 
individual and is independent of quantitativ e changes in the total amoun 
of nitrogen eliminated under these conditions The “creatinine coem- 
cient,” which is the daily excretion of creatinine in mg per kg of bo > 
weight, 4 is an index of this constancy of creatinine elimination Endog- 
enous creatimne is apparently the result of some special process of nor- 
mal metabolism which takes place at a constant rate and almost certain y 
involves body creatine, since creatine can be converted in the body 0 
creatinine For example, when animals arc given tagged creatine tn e 
isotopic ratios of tissue creatine and urine creatinine are similar in 
conversion of creatinine to creatine in the body does not occur 

Very little that is important is known regarding the excretion of creat- 
inine under pathological conditions The creatinine content of the urine 
is said to be increased m conditions associated with increased tissue 
catabolism, such as fever The output of creatinine is decreased in dis- 
orders associated with muscular 
atrophy and muscular weakness 
The greater part of the data relat- 
ing to the variation of the creat- 
inine excretion under pathologi- 
cal conditions are not of much 
value since in nearly every in- 
stance the diet was not sufficiently 
controlled to permit the collection 
of reliable data 

According to Mann and associ 
ates the changes in the blood 
creatinine after removal of th 
liver depend entirely on the ki 
neys If the kidneys are active tne 
blood creatinine does not change 
Fia 221 Creatinine If the kidneys are removed a 3 

well or the animal becomes an 
unc, the creatinine increases in the blood at the same rate as when only 
the kidneys are removed The creatine behaves in a similar manner The 
liter would therefore appear to take no specific part in the creatinine- 
creatine relationship 

Creatinine crystallizes in colorless glistening, monoclinic prisms (F>5 


221) which are soluble in about 12 parts of cold water, they are more 
cftltihfa in warm water and in warm nlrntirO Tt nnlv With 


soluble in warm water and in warm alcohol It forms salts only wit 
strong mineral acids One of the most important and interesting of th 
compounds of creatinine is creatinme-zinc chlonde, (CJIrNjO^jZnUh 


* Shaffer designates sa tho creatimne coefficient ' the excretion of creatinine ntiroi l * 1 
— per kg, of body weight. 
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which is formed from an alcoholic solution of creatinine upon treatment 
with zinc chloride in acid solution. Creatinine has the power of reduc- 
ing cupric hydroxide in alkaline solution and of forming an insoluble 
cuprous-creatinine salt, and in this way may interfere with the determina- 
tion of sugar in the urine. Creatinine does not reduce alkaline bismuth 
solutions and therefore does not interfere with Nylander’s and Boettger’s 
tests. 

Creatine. Creatine occurs in very small amounts in the urine of normal 
adults but is found in larger amounts in that of children and of pregnant 
women. The amount is increased in fasting, in pregnancy, and after high 
water ingestion. Increased amounts have been found associated with 
malnutrition and disintegration of muscular tissue, in fever, and in 
carcinoma of the liver. The presence of readily detectable amounts of 
creatine in the urine is called crcatimiria. 

Creatine in the diet does not normally appear as either extra creatinine 
or creatine in the urine, being apparently incorporated by the body in 
its total supply of creatine, where it undergoes metabolism at the same 
rate as that already present. The fact that ingestion of a gram or so of 
creatine does not normally lead to any change in urinary creatinine or 
creatine is used clinically in the so-called creahne tolerance test, in certain 
diseases involving muscular tissue chiefly, ingestion of creatine is fol- 
lowed by the appearance of extra creatine in the urine, i.e , the patient's 
tolerance for creatine is decreased. Creatine occurs in all tissues, but in 
much greater amount in the muscular tissues than elsewhere The average 
adult human body contains about 100 g. of creatine, largely if not entirely 
in the form of phosphocreatine. 

Creatine' is synthesized in the animal body. The mechanism of this 
synthesis resisted elucidation for many years, finally yielding to the 
application of isotopes and the tissue-slice technique, through the work 
of Schoenheimer, du Vigneaud, Borsook, and their collaborators. While 
other reactions may not be entirely excluded, these investigators have 
shown that the major processes in the biological synthesis of creatine 
are as follows: 


NH s -CH 2 -COOH 


Glycine 


+ 


NH 2 Iransaniid- NH. 
i {nation | 

C=NH > C=NH 


Amidlne group 
(from arginine) 


H-N-CH, COOH 

Guanidinoacctlc acid 
(Glycocyamine) 


~CIIt 
(from choline 
or methionine) 


tra nsmcth ylation 


NH S 

i=NH 


CH,-X-CH-COOII 

Creatine 
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Ihus the synthesis involves the amino acids glycine and argrni 
the reaction of transamidmation and a source of labile methyl B ro ^ 
in the transmethylation reaction the latter may mv olve either the am 
acid methiomne or the substance choline In this connection it 1 ^ 
interest that while glycine is readily synthesized by man it canno 
synthesized by the chick and is ordinarily required m the diet but roa > 
replaced there by creatine Of interest also is the clinical observation 
in my asthema gravis the feeding of glycine leads to an increased excre 
of creatine The intermediate compound guamdinoacetic acid is foun 
normal urine to the extent of about 20 mg per day .. 

Creatine is fairly soluble in water but the aqueous solution is unsta 
the creatine being gradually transformed to its anhydride creatmi 
by ring closure after the splitting off of water This process is accelera 
by heat and acid and this is the basis of the usual procedures for 
detection or determination of creatine the creatine being converted 
creatinine and tested for as the latter compound There is no satisfac o 
direct test reaction for creatine itself 


EXPERIMENTS ON CREATININE AND CREATINE 

I Preparation of Pure Creatinine from Urine (Foltn Benedict) TolO* 1 *®” 
of undecomposed urine In a large precipitating jar add with stirring a 
solution of 180 g of picric acid in 450 ml of boiling alcohol Allow to s ta °^ 
overnight and syphon off the supernatant fluid Pour the residue u P° n ^ 
large Buchner funnel drain with suction wash once or twice with c ^ 
saturated picric acid and suck dry Treat the dry or nearly dry picrate * n ^ 
large mortar or evaporating dish with enough concentrated HCI to form 
moderately thin paste (about 60 ml of acid for each 100 g of picrate) 
stir the mixture thoroughly with the pestle for 3 to 5 minutes Filter w ^ 
suction on a hardened paper and wash the residue twice with enough « a 
to cover it sucking as nearly dry as possible each time Transfer the 
to a large flask and neutralize with an excess of solid magnesium oride ( 
heavy variety is best) Add this oxide In small portions with cooling ol * 
flask under running water between the additions Neutralization of the a 
will be Indicated by a bright yellow color of the mixture or litmus P*P\ 
may be used to test it Filter with suction Wash the residue twice with W at 
Immediately add a few ml of glacial acetic acid to the filtrate to mate ^ 
strongly acid Neglecting any precipitate that may form dilute the soli** 
with about 4 volumes of 95 per cent alcohol After 15 minutes filter ofl ‘ 
-light precipitate which forms Treat the final filtrate with 30 to 40 ml 
10 per cent zinc chloride Stir and let stand overnight In a cool place P° ^ 
»l! the supernatant liquid and collect the creatinine zinc chloride oO 
Buchner funnel wash once with water then thoroughly with 50 per c * 
tlcohol finally with 95 per cent alcohol and dry A nearly white light cr 5* , ** e 
line powder should be obtained The yield should be 90 to 95 per cent of 
original creatinine (usually about 1 5 to I 8 g of creatinine zinc chloride P* 
liter of urine 

Recrystalllie the creatinine zinc chloride by treating 10 g with 10° 
of water and about 60 ml of normal sulfuric acid heating the mltture 
a clear solution Is obtained Add about 4 g of purified animal char ^"y 
continue boiling for about a minute filter with euctlon through » ****,, 
Buchner funnel pouring the filtrate back on the filter 3 or 4 time* unU . 
runs through perfectly colorless Wash the residue with hot water * 



Chap. 28 


Urine: Physiological Constituents 


801 


transfer the total filtrate to a beaker and while hot treat with a little strong 
zinc chloride solution (3 ml.) and with about 7 g. of potassium acetate dis-{ 
solved in a little water. After 10 minutes dilute with an equal volume of; 
alcohol, and allow to stand in a cold place for some hours. Filter off the ( 
cry stalline product and examine under a microscope (see Fig. 222). To remove 
the small amount of potassium sulfate which it contains stir up with its* 
weight of water, filter, wash with a 
little water and then with alcohol. 

The preparation should be snow white. 

Yield, 85 to 90 per cent. 

For the decomposition of the creat- 
inine zinc chloride Gaebler suggests 
the following modification of the orig- 
inal procedure. Place 32 g. creatinine 
zinc chloride In a pressure bottle (a 
citrate of magnesia bottle will serve) 
and add 225 to 253 ml. of concentrated 
ammonia. Close the bottle and heat in 
a water bath at 70 to SO® C. t shaking to 
effect solution. Cool quite rapidly to 
room temperature and then in a salt- 
ice bath. Pure creatinine crystallizes 
out. Filter. Wash with ice-cold am- 
monia, then with acetone, and dry. 

The yield should be 75 per cent (15 g. 
of creatinine). The product is perfectly 
the quantitative determination of creatine and creatinine. See the chapters 
on quantitative analysis of urine and blood. 

2. Nitroprussidc Test (IPey I). Take 5 ml. of urine in a test tube, add a few 
drops of sodium nitroprusside, and render the solution alkaline with NaOH 
solution. A ruby-red color results which soon turns yellow. See Legal's test 
for acetone. Chapter 29. 

3. Sitroprusside-Acetic Add Test (Salkotvski). To the yellow solution ob- 
tained in Weyl’s test above, add an excess of acetic acid and apply heat. A 
green color results and is in turn displaced by a blue color. A precipitate of 
Prussian blue may form. 

•f. Picric Acid Reaction (Jaffe). Place 5 ml. of urine In a test tube, add an 
aqueous solution of picric acid, and render the mixture alkaline with NaOH 
solution. A red color is produced which turns yellow if the solution be acidi- 
fied. Glucose gives a similar red color but only upon the application of heat. 
This color reaction observed when creatinine in alkaline solution is treated 
with picric acid is the basic principle of Folin's colorimetric method for the 
quantitative determination of creatinine (see Chapter 31) and is due to the 
formation of a red tautomer of creatinine picrate. The production of this 
tautomer is “dependent upon the formation of a salt, a keto-enoi change 
within the creatinine molecule, and a change in the picric acid molecule 
involving the hydrogens in the meta positions and, probably, all three nltro 
groups.” 

5. Preparation of Creatine. Creatine may be prepared from creatinine zinc 
chloride by decomposition with calcium hydrate, the process being one of 
hydrolysis (Rencdict). 



Fig. 222. Creatinine Zinc Chloride 
(Salkow ski). 


pure and can be used as a standard in 
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100 e Of creatinine zinc chloride are treated nlth about JOO m\ < 

In a large casserole and the mixture heated to boiling, 150 g of p P f 

calcium hjdrate are then added. with stirring, and the ^ en fi u e ,td 

for 20 minutes (with occasional stirring) The hot mlxt i# t ben 

with suction, the residue being washed with hot water The "JJ® |hrolifi b a 
treated with hydrogen sulfide gas for a few mlnutes and poured t 
folded filter to remove the zinc The filtrate is acidified by ^ rf 
about 5 ml of glacial acetic acid and boiled down rapidly t . co0 l 

about 200 ml This solution is allowed to stand overnight, preferably ' 0 , 

place The next day the crystallized creatine is filtered o« w wit h 

washed with a very little cold water, and then thoroughly washe 
alcohol and dried This product is then recrystalllzed by dissolving! |y 

7 times Its weight of boiling water and allowing the solution to coo 
and stand for some hours This product should be perfectly pure d 

If necessary It can be recrystalllzed with very little loss The CO* , j 0 
product should be filtered off, washed with alcohol and ether, anil a ^ 
air for about half an hour Thus obtained, the creatine contains w 
cr>stalllzation which it loses very readily upon exposure to air To pr P 
creatine which can be weighed with absolute exactness It Is necessary 
dehydrate this product by heating for some hours at about 95° C 


The yield in this process is about 18 g of recrj stalllzed creatine, an a 

55 g of creatinine zinc chloride recovered Longer boiling with hme does^^ 

bring about a greater yield, for after the 20 minute point creatine Is dec 
posed almost exactly as fast as it is formed 


Examine the crystals of creatine under the microscope and compare 
illustration in Chapter 10, “Muscular Tissue, in which may be found o 
creatine tests 


ETHERE VL SLLFATES 

The most common ethereal sulfates found in the urine are phenol 
sulfunc acid, p-cresolsulfunc acid mdoxy lsulfunc acid and skatoO 
sulfunc acid Pyrocatecholsulfunc acid also occurs m traces in 
unne The total output of ethereal sulfunc acid (as S) vanes ordina e 
from 0 04 to 0 l g for 24 hours and comprises o to lo per cent of 
total sulfur In health the ratio of ethereal plus neutral sulfate to inoi& 
sulfate is about 1 10 These ethereal sulfunc acids ongmate W P j 
from the phenol cresol indole and skatole formed in the putrefaction 
protein matenal in the intestine The phenol passes to the liver where P 
of it is conjugated to form phenol potassium sulfate and appears m 
form in the unne whereas the indole and skatole undergo a prelinu 03 ^ 
oxidation to form indoxyl and skatoxyl respectively before their c0 
jugation and elimination. (See Chapter 20 ) c 

It was formerly generally considered that each of the ethereal sulf 
acids was formed principally in the putrefaction of protein material m 
intestine and that therefore a determination of the total ethereal sun" 
and content of the unne was an index of the extent to which 
putrefactive processes were proceeding within the organism *° ne 
however, showed that the ethereal sulfunc acid content of the 
did not afford an index of the extent of intestinal putrefaction, since t . 

compounds anse only in part from putrefactive processes He elm 
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that the ethereal sulfuric acid excretion represented a form of sulfur 
metabolism which is more in evidence when the diet contained little 
or no protein. The ethereal sulfuric acid content of the urine diminishes 
as the total sulfur content diminishes, but the percentage decrease is 
much less. Therefore, relative to the total sulfuric acid content, the 
ethereal sulfunc acid content is incieased, although the total sulfuric 
acid content is diminished. The indoxylsulfuric acid (indican) content of 
the urine does not originate to any degree from the tissue catabolism of 
protein material but arises in great part from the action of intestinal 
putrefactive organisms on tryptophan (see Chapter 20). The excretion of 
indoxylsulfuric acid 



NH 


which occurs in the urine as the potassium salt 



>0(0 SOrOK) 

IcH 

NH 


may alone be taken as a rough index of the extent of putrefactive processes 
within the intestine and is clinically the most important of the ethereal 
sulfunc acids. Under normal conditions, from 10 to 20 mg. of indican are 
excreted per day. The variations are due mainly to diet, a high meat diet 
causing an increase and a carbohydrate diet a decrease. Pathologically, 
the greatest increases are found in disorders involving increased putre- 
faction and stagnation of intestinal contents. Bacterial decomposition 
o r i 'ou&y ■pitAsriti 'as Va -g jmgrcnt;, •jra'iTi A. f/os itmnaViun, uic., pmi rise 
to an increased indican excretion. 

Phenols are excreted chiefly in the conjugated form. The phenol output 
tends to vary directly but not proportionally with the protein ingestion 
The total phenol excretion of normal men on an ordinary mixed diet 
averages around 0.2 g. per day. 

TESTS FOR INDICAN* 

1. Jaffa's Test. Nearly fill a test tube with a mixture composed of equal 
volumes of concentrated IIC1 and the urine under examination. Add 2 to 
3 ml. of chloroform and a few drops of a calcium hypochlorite solution, place 
the thumb over the end of the test tube and rock the tube back and forth. 
Inverting at least 10 times. The chloroform Is more or less colored, according 
to the amount of indican present. Ordinarily a blue color due to the forma- 


* The unne should always bo examined fresh if this is possible. In any event forrnaJde- 
h> de should nev er bo used as a preservam e for urmes which are to lie examined for indican 
h> incans of any test m» oh mg by pochlonto or potassium permanganate The formaldehy de 
through its reducing power lowers the oxidizing efficiency of the mixture. The formation of 
formic acid from the aldchj de may also interfere. 
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tion of indigo blue Is produced, less frequently a red color due to Indigo red 

Repeat this test on some of this same urine to which formaldeh>de ha« 
been added. Is there any variation In the reaction from what you prev ° 
obtained? 


The following represents the reaction 



Indoxyl, C1II7NO Indigo blue 


2. Obermayer's Test. Nearly fill a test tube with a mixture composed o 
equal volumes of Obermayer's reagent* and the urine under examination 
Add 2 to 3 ml. of chloroform, place the thumb over the end of the test tu 
and rock the tube back and forth, inverting at least 10 times, flow does t 
compare with Jade’s test? 

IIIPPUIUC ACID 


CO NH CIIiCOOH 



This acid occurs normally in the urine of both carnivora and herbivora, 
but it is much more abundant in the unne of the latter It is formed by the 
union of benzoic acid with glycine according to the following reaction 
CH, In H, COOII CO \ II CH, COOII 



Glycine Benzoic acid IHppuric acid 

In the dog this conjugation takes place exclusively in the kidneys, but m 
man and in the rabbit it is probable that the liver is the mam site of this 
synthesis Clinically the ability of an individual to synthesize hipp un ^ 
acid after administration of a test dose of benzoate is used as an index o' 
liver function Glycine is readily produced by the body from the hydro!}" 
sis of dietary or tissue protein, or may be synthesized from certain other 
amino acids, e g , serine Benzoic acid originates ordinarily either fro® 
intestinal putrefaction, 1 e , from the abnormal metabolism of tyrosine and 
phenylalanine, or from the food Many vegetables, fruits, and grasses 
contain small quantities of preformed benzoic acid and larger amounts 0 
quinic acid and other compounds which in the body are converted t® 
benzoic acid It has been found that approximately 2 g of benzoic a cl 
are exerded as hippunc acid after eating 250 g of prunes The avcrag c 


• See Appendix. 
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excretion of hippuric acid by an adult man for 24 hours under normal 
conditions is about 0.7 g. Hippuric acid crystallizes in needles or rhombic 
prisms (see Fig. 223), the particular foim depending upon the rapidity of 
crystallization. Pure hippuric acid melts at 187° C. It is easily soluble in 
alcohol or hot water. It is sufficiently soluble in ether to allow its extrac- 



tion from aqueous solution with this solvent (For the quantitative 
determination of hippuric acid, see Chapter 31 ) 

EXPERIMENTS ON HIPPURIC ACID 

1. Separation from the Urine. (See Chapter 31.) 

2. Melting Point. Determine the meltipg point of the hippuric acid pre- 
pared In the above experiment (see p. 793). 

3. Formation of Nitrobenzene (Lucke’s Reaction). To a little hippuric acid 
in a small porcelain dish add 1 to 2 ml. of concentrated HNOi and evaporate 
to dryness on a water bath. Transfer the residue to a dry test tube, apply 
heat, and note the odor of nitrobenzene (resembling that of oil of bitter 
almonds). 

4. Sublimation. Place a few crystals of hippuric acid in a dry test tube and 
apply heat. The crystals are reduced to an oily fluid which solidifies in a 
crystalline mass upon cooling. When stronger heat is applied the liquid 
assumes a red color and finally yields a sublimate of benzoic acid and the 
odor of hydrocyanic acid. 

OXALIC ACID 

COOH 

I 

COOH 

Oxalic acid is a constituent of normal urine, about 15 to 20 mg being 
eliminated in 24 hours It separates out from neutral or alkaline urine 
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as the insoluble crystalline calcium oxalale, m the form of either dura 
bells or octahedra, usually the latter (see Fig 230) Many urinary calcuU 
consist largely of calcium oxalate When ingested oxalic acid is eliminate , 
at least in part, unchanged Since many common articles of diet, eg, 
asparagus, apples, cabbage, grapes, lettuce, rhubarb, spinach, tomatoes, 
etc , contain oxalates (or precursors) it seems probable that they are 
responsible for most of the oxalic acid found in the urine 1 he ingestion o 
rhubarb leaves has caused oxalic acid poisoning They contain about 1 
per cent of the acid Spinach contains 0 8 to 0 9 per cent The eating o 
these vegetables tends to lessen the supply of calcium in the body Other 
green vegetables such as lettuce, celery, endive, asparagus, broccoli) 
Brussels sprouts, and cabbage contain very small amounts of oxalic acid"' 
generally less than 0 1 per cent There is also expenmental evidence tha 
part of the oxalic acid of the urine is formed within the organism in the 
course of protein and fat metabolism It has also been suggested that 
oxalic acid may arise from an incomplete combustion of carbohydrates 
especially under certain abnormal conditions In this connection it w 
interest that oxalic acid is one of the end products of in vilro oxidation ot 
ascorbic acid Pathologically, urinary oxalic acid is increased in diabetes 
mcllitus, in organic diseases of the liver, and in various other conditio** 
which arc accompanied by a derangement of the oxidative mechanism 
abnormal increase in oxalic acid excretion is termed oxaluna and may 
unaccompanied by any other apparent symptom 

Oxalunc acid (NH, CO NH CO COOH) is occasionally found in traces 
m normal human unne On hydrolysis it yields oxalic acid and urea 


EXPERIMENT ON OXALIC ACID 

Precipitation of Calcium Oxalate Place 200 to 250 ml of urine In a beal-e f . 
add 5 ml of a saturated solution of calcium chloride, make the urine s Hg htV 
acid with acetic acid, and stand the beaker in a cool place for 24 hour* 
Examine the sediment under the microscope and compare the cr>»taUJ« e 
forms with those shown in Fig 230, p 855 


CITRIC ACID 


CHjCOOH 

I 

C (Oil) COOH 
CHtCOOH 


Citnc acid is a normal urinary constituent, the 24-hour excretion rang 
ing from about 300 to 1500 mg Several factors have been noted to ofi* 
encc the excretion rate It is enhanced in alkaline unne 7 by estrogens, 
and with increased unnary excretion of calcium » Unnary citnc 
excretion is reduced in acid unne and by androgens The effect of enao* 
genous estrogens in augmenting unnary citnc acid excretion is seen 


’ Ostberg Stand Arch Phytiol *2 81 ( 1931 ) 

•ShofT Dernhnm snd Tausslcy Science « COG (1942) 
» Shorr J Urology Si, 507 (1945) ' 
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the characteristic cur\e of the normal menstrual cycle, with the lowest 
excretion during menstruation followed by a mid-menstrual peak and 
plateau and a return to the lower menstrual levels just before the next 
menstrual period Since the citrate ion forms a soluble weakly ionized 
complex with calcium, an effort has been made to apply this augmenting 
effect of estrogens to the management of renal stones containing calcium 
This application of estrogens is liable to be ineffective owing to the fre- 
quent association of urinary infections with organisms which destroy 
citric acid and is further limited m usefulness by its interference with 
menstrual cycles and with libido in the male An enzyme, citrogenase, 
found in the kidney, heart, and liver can form citnc acid by condensation 
of pyruvic and oxalacetic acids A marked increase m urinary* citnc acid 
following hepatectomy suggests that the liver has a function m its 
intermediary metabolism 

NEUTRAL SULFUR COMPOUNDS 
Under this head may be classed such substances as cystine, methyl 
mercaptan, ethyl sulfide, thiocyanates, taurine derivatives, etc The 
sulfur content of the compounds just enumerated is generally termed 
unoxidized or neutral sulfur in order that it may not be confused with 
the acid or oxidized sulfur which occurs in the inorgamc sulfuric acid and 
ethereal sulfunc acid forms, although this distinction is admittedly 
inexact Ordinarily the neutral sulfur content of normal human urine 
is 5 to 25 per cent of the total sulfur content (see “Partition of Urinary 
Nitrogen and Sulfur,” Chapter 31) The actual amount excreted may be 
0 08 to 0 16 g per day, calculated as S Its origin is mainly endogenous 
The excretion is fairly constant for any given individual in spite of dietary 
changes In cystinuna, or in certain degenerative diseases, the amount is 
increased (See p 168 for test for cystine and cysteine sulfur ) 

ALLANTOIN 
NH CH NH CO NH, 

I 

OC 

I 

NH CO 

Allantoin is found m the unne of practically all mammals including 
man In human urine it occurs m very small amounts (5 to 15 mg per day) 
whereas in all other mammals except anthropoid apes, and the Dalmatian 
coach dog, it is the principal end product of purine metabolism and may 
constitute 90 per cent or over of the total punne output Allantoin is 
formed upon oxidation of uric acid by the enzy me uncase and the output 
is increased by the feeding of thymus or pancreas to lower animals 
In the dog according to Mann and associates, the liver is the sole seat of 
uric acid destruction, since after hepatectomy the unc acid excretion is 
equivalent to the allantoin output of the normal animal When pure, 
allantoin crystallizes in pnsms (Fig 221), and when impure in gr mules 
and knobs 
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EXPERIMENTS ON ALL AN TO IN 

1 Separation from the Urine: 1 * Meissner’s Method. Precipitate the urh* 
with baryta water Neutralize the filtrate carefully with dilute sulfuric ac 
filter immediately, and evaporate the filtrate to Incipient crystallization 
Completely precipitate this warm fluid with 95 per cent alcohol (reserve t 
precipitate). Decant or filter an« 
precipitate the solution by ethei 
Combine the ether and alcohol pr® 
cipitatcs, and extract with co a 
water or hot alcohol, allantoln it 
mains undlssolved. Bring the all*® 
toin Into solution In hot water a® 
rt crystallize 

2 Preparation from Uric Acid 
Dissolve 4 g. of uric acid in 100 ® 
of water rendered alkaline with P° 
tassium hydroxide Cool and care 
fully add d g of potassium P eT 
manganate Filter, immediate? 
acidulate the filtrate with ace 
acid, and allow it to stand in a coo 
place overnight Filter of! thecrj* 
tals and wash them with water 
Save the wash water and &U& e 

. . ,, unite them, and after concentr 

ting to a small volume stand away for crystallization Now combine all the 
crystals and recrystalilze them from hot water Use these crystals in th« 
experiments which follow 

3 Microscopical Examination Examine the cryatals made Id Exp 
compare them with those shown in Fig 224 

4. Furfural TjM HSctuff) Place a f.wcry.tal, of allantoln on a teat tablet or 
In a pore. Iain diah and add 1 to 2 drop, of a concentrated aqueon. aolutl" 
formatl™ f 2 """"'rated hydrochloric acid Oto"' th ' 

Thb ti.t I 1, y ' L° W CO ‘° r ' "tlch turn, to . ffjht purple If aliened to 
This test is given by urea but not by uric acid 

p. 7? 6 



Tig 224 Aliantoiv from Cat s Urinl 
a, b, Forms in which it crystallized from 
the urine c, rccrystalhzcd allantom 


, 2 a®* 5 


N 0 5 ;A“'“u* I"’ thU “« a.enrdlng to ,h. direction. given on V 
Note that allantoln fails to respond 


\MI\O ACIDS 

Certain of these at ids arc aluayn prevent in normal unne Tho excretin' 
of total amino aud nitrogen by a normal adult averages 0 1 to 1 0 g P el 
day or about 2 to 0 per cent of the total nitrogen Tree amino acid nitrog 6 ” 
(for methods of estimation, see Chapter 31) is considerably less than this 
and ordinarily constitute, 0 5 1 per cent of the totaf nitrogen T>“ 

'TI..«dllH»d tot | ) .. |a„, r .„ or„™„,d, e ^, nI „„yl««apl'>' J 
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amount may be largely mcieased m disordeis associated with tissue waste, 
e g , typhoid, acidosis, pronounced atrophy of the liver, etc After extirpa 
tion of the liver, urea formation ceases and amino acids accumulate in the 
blood or are excreted m the urine if renal activity is maintained For tests 
on ammo acids, see Chapter 4 

The availability of microbiological assay (see p 1061) and paper 
chromatography (see p 14) has made possible the detection and estima 
tion of the individual ammo acids present in normal and pathological 
urine In one study on 18 normal male and female subjects on a normal 
diet, Woodson, et al 10 * found most of the common ammo acids present in 
the urine, in either the free state or in a combined form or both The 
mean 24-hour excretion of free ammo acids ranged from approximately 
1 mg for aspartic acid to 188 mg for histidine, for the combined form, 
from 2 mg for methionine to 315 mg for glutamic acid Those ammo 
acids excreted predominantly in the combined form included aspartic 
acid, glutamic acid, proline, valine, and isoleucme The nature of the 
combined form is not known, either peptides or conjugates are possibili- 
ties No correlation could be established betw een the excretion of the vari- 
ous ammo acids and differences in urine volume, total mtrogen, unc acid, 
creatinine, or ammonia content of the urines examined 

Dent has made extensive studies of urinary excretion of ammo acids, 
using the techniques of paper chromatography to which he has made 
valuable contributions 10b Investigations have been reported on the gen 
eral aminoaciduria characteristic of Fancom’s syndrome, on the excessive 
excretion of cystine, lysine, and arginine in cystinuna, and on other 
anomalies of amino acid metabolism 


AROMATIC OXYACIDS 

Two of the most important of the oxyacids are p-hydroxyphenylacetic 
acid, and p hfjdroxypkcnylproptonic acid They are products of the putre 
faction of protein material and tyrosine is an intermediate stage in their 
formation Both these acids for the most part pass unchanged into the 
urine, where they occur normally in very small amount The content 
may be increased in the same manner as the phenol content, m particular 
by acute phosphorus poisoning A fraction of the total aromatic oxyacid 
content of the unne is in combination with sulfuric acid, but the greater 
part is present m the form of salts of sodium and potassium 

Levine 11 has shown that the urine of premature infants fed cow’s milk 
regularly contains certain aromatic oxyacids, such as p-hydroxyphenyl 
pyruvic acid, the product of the deamination of tyrosine Administration 
of vitamin G abolishes this defect A similar observ a tion has been noted 
by Scalock in the case of scorbutic guinea pigs (sec discussion, p 10-13) 


Woodson Hier Solomon and Bergeim J Biol Chcnu 172 013(1018) 

Dent Btochem J 41 240 (1917) 43, 169 (194S) Btochem Soc Sympona 3 (Parli 
lion Chromatography) 34 (1950) Dent and Ho e Quart J Med 20 205 (lOol) 

11 Lcwne Science 9o < °0 (1939) J Clin Irvctt 22 o51 (1943) Ve also Woolf and 
Edmunds Btochem. J 47 630 (lOoO) 
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Homogentmc acul or 2 j-dihydroxj phuiylacetic acid, 



CII, 

I 

coon 


is another important ox>aud sometimes present in the untie Linder t e 
name glycosunc acid it was first isolated from the urine by Marshall, * u 
sequently Baumann isolated it and determined its chemical constitutioh- 
It occurs in cases of alcaptonuna (a so-called “inborn error of raetabo- 
lism”) and has also been found in the unne of the scorbutic guinea pig 
A unne containing this oxyacid turns greenish brown from the surface 
downward when treated with a little sodium hydroxide or ammonia » 
the solution lie stirred the color \ cry soon becomes dark brown or even 
black Homogentisic acid reduces alkaline copper solutions but not alka 
line bismuth solutions 

hynurenic acid or y hjdroxy 0-quinohne carboxylic acid is a product 
of the metabolism of trjptophan but it appears to be excreted onl) 
after the ingestion of this amino acid in excess of normal rerjuirem ea ^ 
(see p 1040) 

OH 

OOH 

\ 

Its presence after tryptophan administration in the unne of the dog, 
rat, rabbit hyena coyote wolf etc and absence from that of the cite* 
cheetah, bear, raccoon etc (Jackson) may have significance m ^ 
zoological classification of species 



EXPERIMENT ON KYNURENIC ACID 

Isolation of Kynuremc Acid Acidify the urine with hydrochloric acid In tb * 
proportion 1 25 From this ac.d fluid both the uric acid and the kynuren* 
arid separate In the course of 24 to 48 hours Filter off the combined cry»‘* 
line deposit of the two acids, dissolve the kynurenic arid in dilute amn»>** 
(uric acid Is Insoluble), and reprecipitate it with hydrochloric acid If » 
tion containing kynurenic arid be evaporated to dryness with hydrocbl 
acid and potassium chlorate, a reddish residue is obtained which beco** 
first brown sh green and then emerald green on adding ammonia (Ja0e) >f 
Hynurenic arid may be quantitatively determined by Capaldl’s method 

PROTEIN 

rhe nubecula of normal unne has been shown by one investigator to 
consistof a mucoid containing 12 7 per cent of nitrogen and 2 3 per cent o‘ 
** Cspsldt Z phy.ui CUm 21 92(1897) Berg J BuA Chem SI 513(1931) 
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sulfur This substance evidently originates in the urinary passages It is 
probably slightly soluble in the urine Some investigators believe that the 
material forming the nubecula of normal urine is nucfeoprofem and not a 
mucin or mucoid A discussion of nucleoprotein and related substances 
occurring m the urine under pathological conditions will be found in 
Chapter 29 

Normal urrne contains a small amount of soluble protein — albumin, 
various enzymes (see below), etc , the amount is too slight to be detected 
by any but the most delicate procedures The significance of pathological 
proteinuria is discussed in Chapter 29 

CARBOHYDRATES 

Normal human unne contains total reducing substances equivalent to 
about 0 05 to 0 15 per cent of glucose Fermentable sugars make up about 
one-tenth of this or about 0 01 per cent Whether all of the fermentable 
sugar is glucose is uncertain Most of the sugar of normal urine is at any 
rate not glucose The other sugars may include pentose, lactose, and 
altered carbohydrates formed by the baking of foods or through the action 
of bacteria in the intestinal tract That glucose is not ordinarily excreted 
m more than traces is further indicated by the failure of glucose ingestion 
up to 1 g per kg of body weight to increase the fermentable unne 
sugar In vanous types of nephritis the excretion of fermentable sugar is 
increased somewhat Lactose may be found in the unne of pregnant 
w omen m appreciable amounts In the rare conditions known as -pentosuria 
and fructosuria these respective sugars may be present in readily de- 
tectable amount Otherwise sugars are not normally found in sufficient 
amounts to give the ordinary sugar tests Pathological glucosuna is 
discussed m Chapter 29 

ENZYMES 

Vanous types of enzymes produced within the organism are excreted 
m both the feces and the unne In this connection it is interesting to note 
that pepsin, trypsin, lipase, and an amylase have been positively identified 
in the unne The amylase may be much increased in pancreatic disease 11 

VITAMINS 

The normal path of elimination of the fat-soluble vitamins is the intes- 
tinal tract The water-soluble vitamins thiamine, riboflavin, ascorbic 
acid, and others, are excreted m the unne under normal conditions of 
Mtamin nutntion, the amounts of these vitamins in the 24-hour excretion 
being directly proportional to the intake Nicotinamide is normally 
eliminated m the form of the metabolite N^methylmcotinaraide, The 
urinary output of the water-soluble vitamins under controlled conditions 
forms the basis of clinical tests for \ ltamm deficiencies, since in such states 
the tissues are unsaturated and tend to retain the test doses of vitamins 

In a study on soy on healthj males on a normal dietary regime 14 the 
following ranges of \alues were found for daily vitamin intake and output 


»» Dodds Brxl J Exptl Path 3, 133 (1922) 

'* Denko ct al lrcA. Btochcm 10 33 (1940) It 109 (1940) 
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V itarmn 

Inlale 

Output 

\rrroy 

yxertiton 

Urine 

Feet* 

Per CtrJ 

Thiamine mg. 

Riboflavin, mg 

Niacin, mg. 

N^Mcthylni otinamide, mg. 
Pantothenic acid, mg. 
Pyndoxine, mg. 

Folic acid, m?* 

Biotin, MS 

p-Ammobcnzoic acid, Mg* 

1 24 1 63 
1 74- 1 98 
12 4 -20 0 1 

4 1 J- 5 30 
1 32- 2 4G 
43-80 
37-al 

97 220 

0 144- 0 323 

0 54 4- 0 913 

1 13 - l 39 

2 7 - 4 4 | 
2 GS - 3 40 | 

, 0 57 - 0 CJ 

2 94 - 4 99 
27 8 -3 o 0 
131-19S 

0 109-0 S9a 
0 823-1 313 
2 14 -5 41 

0 89 -3 GO 
0 33 -O 42 
222 393 
114-201 
183-301 

at 

91 

31 

112 

542 

378 

230 


* Percent excretion — 100 (Lnnar> + lccal outi ut)/IntaVe 
Lhe high excretion rates of the last three vitamins (particularly ^ 
fecal route), is a reflection of the extent of synthesis by intestinal 
The figures in this table do not represent the entire excretion of nico 
aud and pyndoxine since their metabolites, N '-methylmcotinamide 
t-pjridoxic acid, respectively, were not included 

VOLATILE FAT1 Y ACIDS 

Acetic butync, and formic acids have been found under normal conth 
tions in the urine of man and of certain carnivora as well as in the urine 
herbivora Normally they arise principally from the fermentation o* 
bohj drates and the putrefaction of proteins The acids containing the fe 
est carbon atoms (formic and acetic) are found to be present in laj^ 
percentage than those which contain a larger number of such atoms ^ 
volatile fatty acids occur m normal unne in traces, the total output fo f " 
hours according to older investigators varying from 0 008 g to 0 0° 
Formic ac-id excretion is increased m methyl alcohol poisoning 

LACTIC ACID 

Lactic acid is supposed to pass into the unne when the supply °* oV 
gen m the organism is diminished through any cause, e g , in pneumom 
eclampsia, acute }elIow atrophy of the hver, carbon monoxide po ls °^f 
acute phosphorus poisoning or epileptic attacks This acid has ab>o *** 
found m the unne of healthy persons following the physical exerci 
incident to prolonged marching Liljestrand and Wilson found the outp 
of lactic acid to vary from 140 mg to 1370 mg after a few minutes 
strenuous physical exercise e g stair running (See experiment. Chap 1 
33 ) Lac tic acid lias been detected in the unne of birds after the rem<> v 
of the liver 


PHOSPHOR YLATED COMPOUNDS 
Phosphorus in organic combination has been found m the unne m 
substances as gl} ceropho-phonc* acid which may anse from the deco 
position of lecithin, and phosphocamic acid It is claimed that on 
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average about 2 5 per cent of the total phosphorus elimination is in 
organic combination 

PIGMENTS 

There are several pigments normally present in human urine, of which 
the most important is urochrome Small amounts of urobilin, uroerythnn, 
and certain porphyrins (uroporphyrin and coproporphyrm) are also 
present 

Urochrome Urochrome is the principal pigment of normal unne Its 
chemical nature is not definitely established It may be a compound of 
urobilin and urobilinogen with a peptide substance It is a product of 
endogenous metabolism and is fairly constant m amount from day to day 
m the urine of normal individuals 

Urobilin. Urobilm is normally present in too small amount to give 
any appreciable color to the urine It exists chiefly m the reduced form as 
the colorless urobilinogen which upon oxidation gives urobilin (See 
Chapter 18) It is derived from bile pigment by bacterial action in the 
bowel and most of it is excreted in the feces where the corresponding 
and probably identical compounds are known as stercobihnogen and 
stercobihn, respectively Of the small amount absorbed the larger part 
is excreted m the bile * 

PURINE BASES 

The punne bases found m human unne are adenine, epiguamne 
(7 methylguamne), guanine, xanthine, heteroxanthine (7-methyl- 
xauthine), hypoxanthine, paraxauthine (1,7 dimethyLxantlnne), and 
1-methylxanthine The main bulk of the purine base content of the urine 
i is made up of 7-methy lxanthine, 1,7-dimethylxauthme and 1 methyl 
xanthine, which are derived for the most part from, the caffeine, theo- 
bromine, and theophylhne of the food The total purine base content is 
made up of the products of two distinct forms of metabolism, i e , metabo- 
lism of ingested nucleoprotems and purines and metabolism of tissue 
nuclear material Purine bases resulting from the first form of metabolism 
are said to be of exogenous origin, whereas those resulting from the second 
form of metabolism are said to be of endogenous origin The daily output 
of punne bases by the urine is extremely small and yanes greatly with 
the individual (16 to 60 mg ) The output is increased after the ingestion 
of nuclear matenal as w ell as after the increased destruction of leukocytes 
•k v\ ell marked increase accompanies leukemia The output of puriuo 
bases by the unne is increased as a result of x ray treatment, The punne: 
bases form a higher percentage of the total purme excretion in the case 
of the monkey, sheep, and goat than in man i, 

EXPERIMENT ON PURINE BASES 

Formation of the Siher Salts Add an excess of magnesia mixture 1 * ta 25 ml 
of urine Filter off the precipitate and add ammoniacal siher solution to the 
filtrate, \ precipitate composed of the siher salts of the \arious purine 
bases is produced The purine bases may be determined quantitathely by 
Kruger and Schmidt s method or Welker s method (see Chapter 31) 


See Vppendix. 
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AMMONIA 

Next to urea, ammonia is quantitatively the most important of the 
nitrogenous end products of protein metabolism Ordinarily about 2 a 
to 4 3 per cent of the total nitrogen of the unne is eliminated as ammonia 
and on the average this would be about 0 7 g per day The significance 
of the ammonia content of the unne appears to be primarily if not entirel) 
concerned with the mechanisms of acid-base balance m the body 
Chapter 24) If ammonia is fed in the form of oxidizable organic salts, 
such as ammonium acetate, ammonium lactate, etc , no extra ammonia 
appears in the unne The organic portion of the salt is oxidized, and 
the ammonia portion is converted into urea and excreted in this form m 
however, a nonoxidirablc salt such as ammonium chloride is administered 
while the ammonia portion is probably also conv erted into urea for excre- 
tion (since there is no reason to suppose that the metabolism of the 
ammonium ion differs with different salts) the excretion of the extra 
chloride ions requires the simultaneous excretion of an equivalent amount 
of base This base must be either sodium, potassium, or ammonium 100 s 
themselves, bince these are the only forms of base available to the kidney 
In the presence of abundant sodium or potassium (fixed base), the extra 
chloride is excreted largely as the sodium or potassium salt and no dis- 
turbance of acid base balance results If, however, the supply of fi®* 1 
“ ,ta . resu >ts m the development of an acidosis due 

to the depletion of body base, in fact, the administration of a large dose of 
Therein” 1 til cllnlcal| y for the production of an acidosis- 
rfE ™ 7 therefore synlliesree, ammonia (volatile base) to the limit of 
its capacity under those conditions to conserve body base, the extra am 

Fxwlmnl 1 "l the , unne and the urinary ammonia content ns» 
ac,d Pltm-Plmte also occurs here (see p 818) That the w 
mere j 0t .‘ he Ufmomum chloride plays no important part m 
excretion of ammonia is shown by the fact that exactly the 
same condition occurs if hydrochloric acid is administered instead of 
ammonium chloride there is a nse of unnary ammoma aee^ipanyiag U* 
mcrcascd excret.on of chloride Acid forming foZ (2e Chapter 34) aUu 
increase the ammonia output whereas the administration of alkalies or of 
base-forming foods decreases the excret.on o“ ammoma Copmns water 
drinking increases the ammonia output This fact has been interpreted as 
mducatmg a stimulation of the gastnc secretion 

bX't.Tt'SrVr 6 ““I ?'° C “ S ° f prot<,,n destruction within t *• 
body li t sulfuric acid formed by oxidation of the sulfur of methionme 

that < excrted “T th ° “‘■return of Ammonia similar ■ W 

mat exerted by acids which have been administered Therefore a patb°- 
logical increase in the output of ammonia ,s oSn ed Tn such leases as 
are accompanied by an increased and imperfect orotein metabolism 
Likewise in diabetes melhtus where the excretion of excessive amounts 


increased excretion of ammonia occurs 
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The kidney is the source of urinary ammonia. This is indicated by the 
fact that following extirpation of the kidneys the blood ammonia does not 
increase. On removal of the liver blood ammonia increases but not urinary 
ammonia. This indicates that the two have not the same origin. The blood 
ammonia appears to arise from the tissues, especially the muscles (prob- 
ably from the deamination of adenylic acid) and to be converted so 
readily to urea that the blood ammonia remains too low to account for 
any appreciable part of the urinary ammonia. Ammonia is apparently 
formed by the cells of the tubules of the kidney. The precursor is believed 
to be an amide-nitrogen compound, probably glutamine , in blood plasma 
(Van Slyhe) from which the enzyme glutaminase forms ammonia and 
glutamic acid. Deamination of amino acids by kidney tissue may also 
account for a small portion, possibly through the intermediate formation 
of glutamine. A decrease in the pH of the blood or of the kidney tissue 
seems to speed up the ammonia-producing mechanism. 

The quantitative determination of ammonia must be made upon 
fresh or properly preserved urine, since upon standing normal urine will 
undergo ammoniacal fermentation (see p. 784). 

EXPERIMENT ON AMMONIA 

(See Exp. 2 Under “Experiments on Phosphates,” p. 819.) 

SULFATES 

Sulfur in combination is excreted in two forms in the urine: first, as 
ummdized, loosely combined or neutral sulfur, and second, as oxidized or 
acid sulfur. The excretion of neutral sulfur has already been discussed 
(p. 807). The oxidized sulfur is eliminated chiefly in the form of the 
inorganic sulfate ion; a relatively small amount occurs in the form of 
ethereal sulfate, i.e., salts of sulfuric acid in combination with such 
aromatic substances as phenol, indole, skatole, cresol, pyrocatechol, and 
hydroquinol. This latter form of sulfuric acid is sometimes called con- 
jugate sulfuric acid. The greater part of the total sulfur is eliminated in 
the oxidized form, but the absolute percentage of sulfur excreted in 
the various forms depends upon the total quantity of sulfur present; 
i.e., there is no definite ratio between the three forms of sulfur which will 
apply under all conditions. The preformed or inorganic sulfuric acid may 
be precipitated directly from acidified urine with BaCl 2 , whereas the 
ethereal sulfuric acid must undergo a preliminary hydrolysis before it 
can be so precipitated. 

The sulfuric acid excreted in the urine arises principally from the oxida- 
tion of the sulfur of protein within the body; a relatively small amount is 
due to ingested sulfates. Under normal conditions about 1.0 g. of total S is 
eliminated daily, about 75 to 95 per cent of this being in the lorm-oi 
sulfates. About 90 per cent of this sulfate excretion is in the form of 
inorganic sulfate and 10 per cent as ethereal sulfates and neutral sulfur. 

The sulfate ion is excreted with greater difficulty than any other inor- 
ganic radical ordinarily present in normal blood. A retention of 30 times 
the normal blood value (0.9 to 1.1 mg. of S per 100 ml. of whole blood) 
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has been observed feulfate .one are not readdy absorbed by the t.ssues 
even when present in high concentration in the blood 
EXPERIMENTS ON SULFATES 

A white precipitate of barium sulfate forms 

2 Detection of Ethereul Sul/ur.c Ac, if Filter oil <h. b = ^ 
cloitate formed In the above experiment, add 1 ml °* h y dr ° cl ? e to 

a little barium chloride solution to the filtrate and heat t the 

boding for f to 2 minutes Note the appearance <* » turUdltrdl ^ 

presence of sulfuric acid which has been hydrolyzed from the 
sulfates and has reacted with BaCl* to form BaSOi 

3 Detection of Vuox.d.xed or iVentrnl Sulfur Place i about 1 O r 
a test tube. Introduce a small piece of add KUf Orient hydrochloric 1 

to cause a gentle evolution of hydrogen, and over the mouth of the t 
place a filter paper saturated with lead acetate solution In a short 
portion of the paper in contact with the vapors within the test tube beco 
blackened due to the formation of lead sulfide The nascent hydfofi 

reacted with the loosely combined or n 
tral sulfur to form hydrogen sulfide, an 
this gas coming in contact with the lea 
acetate paper has caused the production o 
the black lead sulfide Sulfur in the form 
of inorganic or ethereal sulfuric acid doe 
not respond to this test (For discussion ° 
neutral sulfur compounds, see p 807 ) 

4 Calcium Sulfate Crystals Place 10 ml 
of urine in a test tube, add 10 drops o 
, r, c ^ ,.r v calcium chloride solution, and allow t & 

Ho 22o Gum« Sulfate (Hen tubc to 6tand untll cry8taU f„ r m Examine 

the calcium Bulfate crystals under 
microscope and Compare them with those shown in Fig 225 



CHLORIDES 

Next to urea, the various chlorides constitute the chief solid constituent 
of the unne The excretion of chloride is dependent in great part, upo 
the nature of the diet but on the average the daily output is about 1 
15 g expressed as sodium chloride Conditions which favor excessiv ^ 
perspiration, such as strenuous athletic or occupational activity, 
dally m a hot environment cause a diminution in urinary outpu 
chlorides, the chloride leaving the body by other channels ^V*| CU j e 
cramps may result when there is an excessive loss of sodium chlon 
from the body To obv late this condition w orkers in a high tempera ur 
environment or persons indulging m very fatiguing muscular et o > 
•>uch as athletes in prolonged competition make use of salt tablets 
cause of their solubility chlorides arc never found in the urinary sedinac 
The amount of chlorides excreted in the urine is related pnman y 
the chloride content of the food ingested In cases of actual fasting 
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chloride content of the unne may be decreased to a slight trace which is 
derived from the body fluids and tissues Under these conditions, how ever, 
au examination of the blood of the fasting subject will show the content 
of chloride m this fluid to be approximately normal This forms a very 
striking example of the care nature takes to maintain the normal compos! 
tion of the blood There is a limit to the power of the body to maintain 
this equilibrium however, and if the fasting organism be subjected to 
the influence of diuretics for a time, a point is reached where the normal 
composition of the bicod can no longer be maintained and a gradual 
decrease in its chloride content occurs which finally results m death 
Since the excreted chlonde must carry base (e g , sodium) along with it, 
death results not so much from the loss of chloride alone as from the 
inability of the organism to maintain a normal osmotic pressure m its 
body fluids, which is a major function of the sodium and chloride ions 
Potassium cannot take the place of sodium m this respect thus the ad- 
ministration of potassium chloride under these conditions is of no value 
whatever 

Pathologically, the excretion of chlorides may be decreased m some 
fevers chrome nephritis, fasting, diarrhea, certain stomach disorders, and 
after extensive burns Any condition accompamed by the foimation of an 
exudate (e g , pneumonia) will cause a diminished chloride output In 
convalescence and with resolution of the exudate the chloride excretion 
nses again 

EXPERIMENTS ON CHLORIDES 

Detection of Chlorides m Urine Place about 5 ml of urine in a test tube, 
render it acid with nitric acid, and add a few drops of a solution of silver 
nitrate A white precipitate, due to the formation of silver chloride, is pro- 
uced This precipitate is soluble in ammonium hydroxide 

PHOSPHATES 

Of the various inorganic anions of unne, phosphate is ordinarily 
second only to chlonde ia amount present The excretion of phosphate 
is extremely variable, depending in large measure upon the diet, but on 
Tj C ^ G n a8 ^ tota ^ 0 «tpufc for 24 hours is about 1 I g expressed as P 
lhe bulk of this is in the form of inorganic phosphate, the orgamc phos 
pnorus of the unne constituting only about 1 to 4 per cent of the total 
phosphorus content The greater part of the inorganic phosphate arises 
from the ingested food, either from phosphate already present as such or 
more especially from the metabolism of compounds containing phos- 
phorus m organic combination, such as phosphoproleitis nuclcoproteins 
and nucleotides and phospkohpides The vanous phosphorus-containing 
compounds of the body also contnbute to the total output of this element 
The phosphate content of the urine also depends to a considerable extent 
on conditions within the intestinal lumen, an increased alkalinity to- 
gether with the presence of substances like calcium and magnesium which 
form insoluble phosphate* tends to increase the proportion of phosphate 
excreted in the feces at the expense of the urinary pho phatc content 

lhe phosphite ion is found in the unne in two forms, the acid phos- 
phate or monobasic ion, H<P07, and the dibasic ion, HPO7 The ratio of 
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these two ions dcternunes in large measure the pH of the urine, since they 
constitute the major buffer system ordinanlj present In blood and in the 
glomerular ultrafiltrate of the kidney, the'-e ions are present in a ratio 
corresponding to about 80 per cent basic phosphate and 20 per cent acid 
phosphate If this ratio prevails in the urine, it will have the same pH as 
the blood, or approximate^ 7 4 Increased acidity of the urine is due to an 
increase in the amount of the aeid phosphate relative to basic phosphate, 
at pH 6 C, whieh is approximately the pH of average unne, about GO per 
cent of the total inorganic phosphate is m the acid form and 10 per cent 
appears as basic phosphate The best av ailable cv idence indicates that the 
ability of the kidney to excrete a varying fraction of its total phosphate in 
cither the acid or basic forms is an important part of the mechanism for 
the regulation of acid-base balance in the body, actually, the excretion of 
one equivalent of acid phosphate instead of basic phosphate corresponds 
to the excretion of one equivalent of hydrogen ion itself, and the simul- 
taneous retention of one equivalent of base, as inspection of the formulas 
of these two salts will show In combating acidosis, this mechanism ap- 
pears to be of importance second only to the ability of the kidneys to re- 
place sodium or potassium by ammonium Available evidence indicates 
that the change from acid to basic phosphate and vice versa is brought 
about in the renal tubules, possibly by secretion of hydrogen ions (Pitts), 
since the total phosphate excretion does not vary with changes in the 
relative amounts of the acid and basic forms excreted 

If unne containing phosphate is rendered sufficiently alkaline, the 
so-called “alkaline earth" elements calcium and magnesium will P re ~ 
cipitatc, to the extent of their presence, as insoluble calcium and mag 
nesium phosphates This fraction of the total phosphate of unne was 
formerly called the “earthy phosphate” fraction as contrasted to the 
“alkaline phosphate” fraction composed of the soluble phosphates of 
sodium, potassium, and ammonium It is doubtful whether this fractiona- 
tion has any significance other than to indicate the amount of calcium 
and magnesium present relative to the total phosphate, and it should be 
abandoned 

The so-called “ phosphatuna ” the appearance of a copious crystalline 
precipitate which on examination proves to be magnesium ammonium 
phosphate (“triple phosphate”), ordinarily represents a decreased 
acidity of the unne and not an increased phosphate content Such condi 
tions may, however, be of significance in connection with a possible 
tendency to the formation of phosphate calculi Measures designed to 
acidify the unne, and to decrease its phosphate content, have been of 
value m the treatment of this condition 

Pathologically the excretion of phosphonc acid is increased in such 
diseases of the bones as diffuse penostosis, osteomalacia, and rickets, 
according to some investigators in the early stages of pulmonary tuber- 
culosis, m acute yellow atrophy of the liver, in diseases which are accom 
panted by an extensiv e decomposition of nervous tissue, and after sleep 
induced by potassium bromide or chloral hydrate (Mendel) It is also 
increased after copious water drinking \ decrease in the excretion of 
phosphates is at tunes noted m fcbnle affections, such as the acute infec- 
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tious diseases, m pregnancy, m the period during which the fetal bones are 
forming, and in diseases of the kidneys, because of nonehmination 

EXPERIMENTS ON PHOSPHATES 
J. Formation of “ Triple Phosphate .** Place some urine In a beaker, render 
It slightly alkaline with ammonium hydroxide, add a small amount of mag- 
nesium sulfate solution, and allow the beaker to stand In a cool place over- 
night. Crystals of ammonium magnesium phosphate, “triple phosphate, *’ 
form under these conditions. Examine the crystalline sediment under the 
microscope and compare the forms of the crystals with those shown in Fig 226. 
If possible, examine the crystals from a freshly passed specimen of cloudy 
urine, or from a sample of urine which on standing for a short while after 



voiding has become cloudy How do they compare with those obtained in this 

experiment? 

2. Ammoniacal Fermentation. Stand some urine aside in a beaker for 
several dajs. Ammoniacal fermentation will develop and “triple phosphate” 
crystals w,Il form 

a. Examine the sediment under the microscope and compare the crystals 
with those shown in Fig. 226. 

b* Hold a glass rod dipped In concentrated hydrochloric acid near the 
surface of the urine. Note the fumes of ammonium chloride. 

c. Insert a strip of red litmus paper in the urine. Permit the paper to 
dry. Note the gradual restoration of red color, due to volatilization of am- 
monia (\olatile alkali). Run a control test using 0 5 per cent Na.CO* (fixed 
alkali). 

SODIUM AND POTASSIUM 

Sodium and potassium ions are always present in the unnc Ihe 
amount of potassium excreted in 24 hours by an adult, subsisting upon 
a mixed diet, is on the a\erage 1 to 3 g , whereas the amount of sodium 
under the same conditions is ordinarily 3 to 5 g The ratio of K to Na is 
generally about 3 5 The absolute quantity of these elements excreted 
depends, of course, m large measure upon the nature of the diet Because 
of the Uoningcstion of NaCI and the accompanying destruction of potas- 



S20 


Practical Physiological Chemistry 


Chap 2b 


sium containing body tissues, during fasting the unne contains more 
potassium than sodium 

Pathologically the output of potassium, m its relation to sodium, may 
he increased during fever, following the crisis, however, the output of this 
element may be decreased It may also be increased m conditions asso- 
ciated with acidosis In Addison’s disease there is usually a relative 
retention of potassium and an increased excretion of sodium, the adminis- 
tration of cortical hormone preparations restores the normal relationship 

CALCIUM AND MAGNESIUM 

The daily output of calcium m the unne, which depends principally 
upon the nature of the diet, is on the average about 0 1 to 0 3 g per day 
The percentage of calcium present in the unne at any one time (10 to 
40 per cent of total ca'cium output) forms no dependable index as to the 
absorption of this element-, since it may be again excreted into the 
intestine after absorption Furthermore, as with phosphate (p 817), the 
acidity or alkalinity of the intestinal lumen, and the presence of sub- 
stances such as phosphate and fatty acids which form insoluble calcium 
salts, may determine to a considerable extent the relative output of 
calcium m the fcccs and the urine Acidity promotes calcium absorption, 
alkalinity retards it It is therefore impossible to draw any satisfactory 
conclusions regarding the excretion of calcium unless accurate analytical 
data from both the feces and the urine are obtained 

Mjers and Fine 1 * have reported data showing a comparison of the 
kidney and intestine as excretory routes for various inorganic con- 
stituents Their findings in this connection are summarized m the fol- 
lowing table 


\ umber j 

Uowlure Con ' fecal Output m Per Cent of Total 

m l nne and Fecet 

of Caw a j 

t Per Cent) 11,0 N S Cl P 

Ca | 

Mg 

K 

5 

70 | 0 1 10 10 ' 3 3G 

90 

72 

18 

9 

81 I 16 la | 19 9 Ti 

89 

08 

2 7 


The average findings m five cases with well-formed stools, 74 to 79 per 
cent moisture, and those with diarrheal stools, 79 to 89 per cent moisture, 
have been grouped separately in the table It is not believed that the 
finding!* differed especially from the normal, except in that group of 
cases which suffered from intestinal diarrhea 

Vcrj little is known positively regarding the actual course of the 
excretion of calcium under pathological conditions An excess is found 
in some diseases of the bones e g , osteomalacia In others, as in rickets, 
the Urinary excretion may be very low 

1 he daily excretion of magnesium bj way of the unne usually amounts 
to between 0 07 and 0 2 g The amount depends mainly on the diet About 
05 per w nt or more of the excreted magnesium is usually eliminated b> 

'•Mrmwllme t rue See Bxjtl IluA Med U 73(1919) 



Chap 28 


Urine: Physiological. Constituents 


821 


the feces; the remainder passes out in the kidneys. There may be a 
retention of magnesium in certain bone disorders accompanying a loss of 
calcium, for example, in osteomalacia. Thus the excretion of calcium and 
magnesium do not necessarily run parallel. 

EXPERIMENT ON CALCIUM 

Sutkonitch Test. This is a qualitative test for calcium in the urine. It has appli- 
cations m parathyroid derangement, urinary calculi, infantde tetany, severe nephritis, 
etc. 


Procedure. Place the patient on a diet containing sufficient calcium for 
his needs, and collect a 24-hour specimen of urine. To 5 ml. of the mixed 
urine sample add 2 ml. of the Sulkowitch reagent 17 dropwise. If no precipi- 
tate forms immediately, mix the contents of the tube thoroughly and allow 
to stand. 

Interpretation. In ease there is no precipitate there is of course no calcium m the 
urine. From this finding it is concluded that the blood serum probably contains not 
more than 5 to 7 5 mg per 100 ml If the precipitate forms as a fine white cloud, the 
calcium content of the scrum is considered to fall within the normal range of 9 to 1 1 mg 
per 100 ml. However if a heavy, nuiklike precipitate forms, there is danger of hyper- 
calcemia. In routine examinations, the precipitates may be graded I, 2, 3 or 4. 

CARBONATES 

Carbonate, in the form of the bicarbonate ion, HCOf, generally occurs 
m small amount in the neutral or alkaline urine of man and carnivora, 
whereas much larger quantities are ordinarily present in the consistently 
alkaline urine of herbivora The alkaline reaction of the urine of her- 
bivora is due in great measure to the presence of bicarbonate. The 
carbonates of the alkaline earths are sometimes found in amorphous 
urinary sediments from quite alkaline urine. 

IRON 

Iron is present in small amount in normal urine. It probably occurs 
partly in inorganic and partly in organic combination The iron contained 
m ill in ary pigments or chromogens is in organic combination. According 
to different investigators the iron content of normal urine probably 
averages not more than 1 to 2 mg. per day. Mitchell and Hamilton 18 re- 
port that sweat contains 1-2 mg. of iron per liter. After splenectomy there 
is an increased loss of iron from the body particularly by way of the feces. 
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the presence of iron- (f») To the second part of the solution add a little po- 
tassium ferrocyanlde solution; a precipitate of prusslan blue forms upon 
standing. 

FLUORIDES, NITRATES, AND SILICATES 
These substances are all found in traces in human urine under normal 
conditions. Nitrates are undoubtedly introduced into the organism in the 
water and ingested food. The average excretion of nitrates is about 0.5 g. 
per day, the output being the largest upon a vegetable diet and smallest 
upon a meat diet. Nitrites are found only in urine which is undergoing 
decomposition and are formed from nitrates in the course of ammoniacal 
fermentation. 
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Many of the substances considered in this chapter as pathological 
constituents of urine are present in small amount in normal urine. Hence 
their pathological significance may be more a question of the amount 
present than of their actual presence in or absence from urine, it is 
generally true, however, that the usual qualitative tests for t ese su 
stances are of such sensitivity as to yield an essentially negative result 
when applied to normal urine, but to respond readily w en unusua 
amounts are present. In this connection it is well to remember that a sing e 
specimen of urine may be sufficiently concentrated or otherwise in uence 
by dietary or other factors as to yield a positive result with a par icu ^ar 
test, the significance of which disappears, how ever, w hen considered in e 
light of the total 24-hour excretion Whenever possible, therefore, unless 
it is desired otherwise for special purposes, it is recommended that urine 
tests be carried out on a portion of the well-mixed and properly preserve 
24-hour urine before interpreting results; if this is not feasible, the over- 
night sample collected before breakfast should be used. 


GLUCOSE 

Traces of this sugar may occur in normal urine, but the amount is 
ordinarily too small to be demonstrable by the common qualitative tes s 
(see also Chapter 31). The presence of readily detectable amounts o 
glucose in urine is known as glucosuria; the term glycosuria is frequen y 
used, but this expression more correctly refers to the presence o any 
sugar, not necessarily glucose, in the urine. Glucosuna may be ei er 
benign or pathological, and it is important to distinguish between ese 
two types. Renal diabetes, in which the kidney threshold for glucose is 
below normal but the blood sugar level is normal, is an example ol a 
benign glucosuria, as are the glucosurias associated with alimentary and 
emotional hyperglycemias. Pathological glucosunas include chiefiythose 
of diabetes mellitus and other endocrine disorders, m which there is a 
marked elevation of the blood sugar and usually an increas 
urine (polyuria). The glucose content of the urine in diabetes meHitus 
may be as high as 10 per cent or more, but is usually around 3 to o per 
cent. The urine may be light in color and have a high specific gravity. 

TESTS FOR GLUCOSE 

The various tests for glucose in the urine uhich are embraced in the 
experiments given herewith are based upon one of the following properties 
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0[ tbts sugar, as ***** - Raptor 2 (1) ^J^ZtZX^S 

taeXrpper^ftoy.-^ 

Q^.-— ^ ^r“u relat.on to 

‘“TLeofficIaftSrr Sut^'lSl by the— ofL,fe Insurance 
Medical Directors of America may be found m Chapter 31 

l. Phenylhydrazine Reaction. Yellow crystalline compounds ca 
osazoaea are formed from certain sugars by reaction tilth phe'.y hj drat , 

m general each individual sugar giving rise to an osazone of a denm 
crystalline form which is typical for that sugar „harac- 

As applied to urine, however, it is frequently difficult to obtain char 
tenstic crystals, even for glucose, since crystal form and growth ; ™“ y e 
influenced by other substances present Better results are usua y 
tamed if the urine is clanficd first, as described below Results are » 
significant if they are positive (i c , if charactcnstic crystals arc obtame > 
than if they are negative, but m any event the test should be regard® 
as a guide or confirmation to be accompanied by more specific tesvs 
Identification of the individual sugar osazones by their melting pom 
is of little value , re 

In this connection it is important to remember that of the simple sufe»» 
of interest in physiological chemistry glucose fructose and mannos 
give the same osazone Fructose may be ruled out by the absence ot 
positive SehvanolT test (see p Si8) the presence of mannose will i> 
indicated by the formation of a colorless crystalline hydrazone on trea 
ment with phenylhydrazme in the cold, prior to the heating which pro- 
duces the osazone 


Procedure To a small amount of phenylhydrazine mixture 1 (about one 
half inch in a small test tube), add 5 ml of the urine, shake well, and hea 
on a boiling water bath for one half to three quarters of an hour Allow t e 
tube to cool slowly (not under the tap) and examine the crystals micro 
scoplcally (see Plate II, opposite p 63) If the solution has become too con 
centrated In the boiling process it will be light red In color and no crystals w* 
separate until it is diluted with water 

In case doubtful results are obtained by this test owing to the presence 
of Interfering substances, the urine should be clarified and the test repeate 
To clarify the urine introduce 10 ml Into a test tube, add 1 g of pure blo° 
charcoal, heat to boiling and allow to stand with occasional shaking for ve 
minutes, then filter Lse the filtrate in the test 


2. Reduction Tests. It is to their potential aldehyde or ketone struc- 
ture that many sugars owe the property of readily reducing alkaim 
solutions of metals like copper, bismuth mercury, and iron, they als 


See Appendix. 
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possess the property of reducing ammomacal silver solutions with the 
separation of metallic sih er tipon this property of reduction the most 
widely used tests for sugars are based A. positive reduction test is not 
specific for glucose, or even for reducing sugars in general, non-sugar- 
reducing material is present m traces in normal urine and may be suffi- 
ciently augmented m amount, particularly m concentrated urines, to 
give a positive test Other factors which may influence interpretation of 
results are discussed below The chemistry of the various reduction tests 
and reagents is discussed in Chapter 2 

a Fehtm&'s Test To about 1 ml of Fehlinfi's solution* In a test tube add 
about 4 ml of water, and boil * This is done to determine whether the solu- 
tion will of Itself cause the formation of a precipitate of brownish red cuprous 
oxide If such a precipitate forms, the Fehling’s solution must not be used 
Add urine 1 to the hot Fehling’s solution, a few drops at a time, and heat 
the mixture to boiling after each addition (never add more urine than the 
original volume of Fehllng’s solution) The production of yellow or brownish 
red cuprous oxide indicates that reduction has taken place The yellow 
precipitate is more likely to occur If the urine is added rapidly and in large 
amount, whereas with a less rapid addition of smaller amounts of urine the 
brownish red precipitate is generally formed The differences in color of the 
cuprous oxtde precipitates under different conditions are apparently due to 
differences In the size of the particles, the more finely divided precipitates 
having a yellow color, while the coarser ones are red In the presence of 
protective colloidal substances the yellow precipitate is usually formed 

This classical test is not entirely rebable when used to detect sugar 
m the urine, and has been largely replaced by Benedict's test (sec below) 
buch compounds as conjugate glucuronates, uric acid, nucleoprotem, and 
homogen tisic acid, when present in sufficient amount, may produce a 
result similar to that produced by sugar Phosphates of the alkaline 
earths may be precipitated by the alkali of the Fehling’s solution as a 
grayish white precipitate which should not be mistaken for the cuprous 
oxide Cupric hydroxide may also be reduced to cuprous oxide and tins 
m turn may form a soluble complex with creatinine, a normal urinary con- 
stituent This wall give the urine under examination a greenish tinge and 
*nay obscure the sugar reaction even when a considerable amount of 
sugar is present 

Conjugate glucuronates are present m normal urine in small amount 
(see p S42) and are increased in amount after the ingestion of such sub- 
stances as chloral hydrate, camphor, menthol, thymol, antipyrme, phenol, 
etc The chloral hydrate is excreted m the urine as tnchloroethylglucu- 
ronate This compound reduces Folding's solution and is Ievorotatory, 
whereas glucose also reduces but is dextrorotatory Therefore by means 


* Sc® Appendix 

* More dilute Tehling s solution should bo used in testing urines containing small amounts 
of sugar In case of urines containing a high concentration of sugar it maj sometimes be 
lesirahle to use a larger \olume of 1 it ling s solution 

4 In case doubtful results are « btained b> tl is test owing to tie presence of interfering 
sultttaiuea tl o urn o sho ild he clarified with cl arco il as described alxne and tie test 
repeated 
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of apolamcopic test a‘‘chloral unne ’ maj be differentiated from a “sugar 

In testing urine preserved by chloroform a positiv e test may be i ob- 
tamed in the absence of sugar This is due to the fact that the hot alkali 
produces a reducing substance from the chloroform 

Ammonium salts also interfere with Fchling’s test presenting the pre- 
cipitation of cuprous oxide If thej are present in excess, the urine stiouiu 
be made alkaline with strong sodium carbonate, and boiled (or, better, 
aerated with a vigorous stream of air) to decompose and liberate me 
ammonia 


b Benedict’s Test This is the most satisfactory of the copper reduction 
tests, and in laboratory practice has largely replaced FehUng’* The following 

is the procedure for the detection of glucose in unne To 5 ml ofthereagen 

in a test tube add exactly 8 drops of the urine to be examined The Suia is 
then boiled vigorously for from one to two minutes and then allowed to coo 
spontaneously (Do not hasten cooling by immersion in cold water ) The 
test may also be carried out by beating for five minutes in a boiling water 
bath, removing, and allowing to cool in the air This procedure is recoin 
mended for serial tests If a water bath is used, it is important that the urine 
and reagent be thoroughly mixed before placing in the water bath In the 
presence of glucose the entire body of the solution wilt be filled with a col 
loldal precipitate, which may be green, yellow, or red in color, depending 
upon the amount of sugar present In the presence of over 0 2 to 0 3 per cent 
of glucose, the precipitate will form quickly If no glucose is present, the 
solution will either remain perfectly clear, or will show a very faint turbidity, 
due to precipitated urates 


Even \ery small quantities of glucose in urine (0 1 per cent) yield pre- 
cipitates of burp rising hulk with this reagent and the positive reaction for 
glucose is the filling of the entire body of the solution with a precipitate, 
so that the solution becomes opaque Since amount rather than color 
of the precipitate 13 made the basis of this test it may be applied, even 
for the detection of small quantities of glucose, as readily in artificial 
light as m daylight Chloroform does not interfere with this test nor does 
uric acid or creatinine interfere to such an extent as in the case of Fehling’s 
test It is common clinical practice to run this test under consistent!} 
uniform conditions (same amount of unne heating time etc ) and to 
indicate the intensity of the reaction by arbitrary ‘•igns (+, ++, + ++» 
etc ) as an index not only of the presence of sugar but also of its approxi 
mate relative concentration • 


c Bismuth Reduction Test (%y lander) To 5 ml of urine In a teat tube add 
one tenth It* volume of Sylander s reagent* and heat for S minute* In a 


* See Appendix. 

* A simple modification of the copper reduction test for unne sugar is available com 
mercLslly in the form of tablets containing copper sulfate sodium hy droxide and otnc 
acid ( Climtest tablet* obtainable from ll e Ames Co Inc. Elkliart Indiana) In 

a little uruie u diluted will 2 volumes of water and a tablet added to the mixture. Apt“* 
eat* n of external heat u unnecessary After the mixture has stood for a few moments, th« 
typical appearance of a positive copper reducti n test is obtained if the urine contain* 
reducing sugsr 
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boiling water bath. 7 The mixture will darken if reducing sugar is present, 
and upon standing for a few moments a black color will appear. 

This color is due to the precipitation of bismuth. 8 If the test is made on 
urine containing albumin this must be removed, by boiling and filtering, 
before applying the test, since with albumin a similar change of color is 
produced. Glucose when present to the extent of 0.08 per cent or even 
less may be easily detected by this reaction. Uric acid, creatinine, and 
homogentisic acid which interfere with the Fehling test, do not interfere 
with the Nylander reaction. 

Urine rich in indican, uroeryfchrin, urochrome, or porphyrins, as well 
as urine excreted after the ingestion of large amounts of certain drugs, 
may give a darkening of the Nylander’s reagent similar to that of a true 
sugar reaction. It has been claimed that the urine after the administration 
of urotropin will reduce the Nylander reagent 

A positive bismuth reduction test is probably due to the following 
reactions: 

Bi(OH)*NO* + K OH -4 Bi(OH) s -f IvNO* 

2Bi(OH), - 30 -4 2Bi + 3H 2 0 

Before testing the urine, Bohmansson treats 10 ml with 2 ml of 25 per 
cent hydrochloric acid and 4 to 5 g of boneblack This mixture is shaken 
one minute, then filtered, and the neutralized filtrate tested by Nylander’s 
reaction. He claims that this procedure removes certain interfering sub- 
stances, notably urochrome. 

3. Fermentation Tests. 

a. Saccharometer Method. Rub up in a mortar about 15 ml. of urine with 
a small piece of compressed yeast or with about 0.5 g. active dry yeast. Treat 
in the same way 15 ml. of urine known not to contain glucose and 15 ml. of 
urine to which glucose has been added. These are necessary controls. Transfer 
each mixture to a saccharometer (Fig. 15, p. 69) and stand it aside in a warm 
place for about 12 hours. If glucose is present, alcoholic fermentation will 
occur and carbon dioxide wfll collect as a gas in the upper portion of the 
tube. On the completion of fermentation, fill the bulb portion of the saccha- 
rometer with 10 per cent sodium hydroxide solution, close the opening of 
the apparatus tightly with the thumb, mix the contents thoroughly, and 
restore the gas space to the limb of the saccharometer. Holding the appa- 
ratus at arm's length and with face averted (to avoid accidents) remove the 
thumb from the opening. Remembering that sodium hydroxide has the 
power to absorb carbon dioxide, how do you explain the result? 

Ordinary bakers’ yeast (Saccharomyces ccrcvisiae ) will readily ferment 
glucose, fructose, mannose, maltose, and sucrose. Galactose, lactose, 
and the various pentoses are not fermentable, or, if so, at such a slow 


7 Hammarstea suggests that the solution he boiled for two to fi\e minutes (according 
to the sugar content) over a free flame and the tube then permitted to stand five minutes 
before drawing conclusions. 

* A drj powder containing the ingredients for a N> lander test is available commercial^ 
under the name of "Galateat" powder (obtainable from the Denver Chemical Mfg Co , 
lac , New York Citj ). In use, a drop of urine la placed on a small amount of the powder. 
It reducing sugar is present, the powder turns graj or black. 
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rate as to be of no practical significance in connection with the abot e test 
v^“ihich readily ferments galactose may be obtained, honever by 
incubation and growth of ordinary baker’s yeast on a medinm nc in 
galactose Thus the yeast fermentation test is of considerable Pjact.cal 
\alue in distinguishing betueen glucosuna, lactosuna and pentosuna, 
either simple or mixed, particularly uhen erhau.stii c y east fermentation is 
used m connection with reduction tests before and after treatment witn 
y east, as in Mathews’ procedure which follows 

b Mat hen s’ Modification for Distinguishing Fermentable Sugar (Glucose) 
from honfermentable Reducing Substances (Lactose, etc ) Mix 20 ml oi 
urine m a test tube with 2 3 g of active dry yeast, stirring vigorously 
atan angle of about 45" in a beaker of water and keep at 42° C foroOminu , 
mixing occasionally If 1 per cent or more of glucose is present, an evolution 
of gas bubbles will be observed after a few minutes and all glucose will De 
decomposed (up to 6 per cent) in 50 minutes Filter and apply Benedict 
test A positive test indicates the possibility of lactose, but only if a contro 
test using the same amount of yeast with urine containing added glucose 
demonstrates that the yeast is capable of removing all glucose under the 
experimental conditions Reducing sugar may also be determined quantita- 
tively before and after the fermentation 

4 Polanscopic Examination For directions as to the use of the 
polanscope, see p GO, and for application to the quantitative analyse 
of urine Chapter 31 


PROTEINS 


Normal unne contains a trace of protein material but the amount 
present is so slight as to escape detection by any of the simple tests in 
general use for the detection of protein urinary constituents The follow- 
ing are the more important forms of protein material which have been 
detected m the urine under pathological conditions 


1 Scrum albumin 

2 Serum globulin 

( Proteoses and peptones 
Proteins of Bence-Jones and of Hehtoen, 
Kretschmer and Welker 

4 Nuclcoprotcin 
5 Fibrin 

G Oxyhemoglobin and related compounds 
7 My oglobm 

SJLBLMIN 

Normal unne contains a trace of albumin which is top slight to be 
detected by the usual procedures \Wuminuna is the condition in which 
readily detectable amounts of the serum proteins arc found m the unne 
The protemuna is most commonly due to the presence of scrum albumm, 
since albumm is the moil abundant of these serum proteins, and has the 
smallest molecular size thus permitting the greatest diffusion through 
damaged membranes It ls not uncommon however to find significant 
amounts of globulin material in so-called albuminuria if the proper tests 
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are applied There is some uncertainty as to whether or not the serum 
proteins are altered from their normal state when found m the urine 

There are two distinct forms of albuminuria, viz , renal albuminuria 
and accidental albuminuria Sometimes the terms true albuminuria and 
false albuminuria are substituted for those just given In the renal type 
the albumin is excreted by the kidneys This indicates a more serious 
condition and at the same time is more frequently encountered than the 
accidental type Associated with renal albuminuria are usually altered 
blood pressure or kidney structure In the accidental form of albuminuria 
the albumin is not excreted by the kidneys (as is the case m the renal 
form of the disorder) but arises from the blood, lymph, or some albumin- 
containing exudate coming into contact with the urine at some point 
below the kidneys 

The determination of albumm may be of assistance in following the 
course of kidney disturbances, but the results can only be interpreted in 
the light of other clinical findings Even m nephritis not every sample of 
urine will be abnormal if the specimens are obtained under ordinary 
conditions It is nevertheless rare in this condition to fail to find albumin, 
casts, or excessive led cells and white cells m a concentrated urine No 
diagnosis of the presence or absence of nephritis should be made until such 
findings are observed 

Benign proteinuria, which is usually transitory and in which there is 
no evidence of permanent kidney damage, may be due to such cause" 
as severe exercise or cold baths It is particularly common in young people 
In the unusual condition known as orthostatic albuminuria, the protein- 
uria is apparently due to posture, urine formed while the patient is lying 
down is free from protein, while that formed when the upright position 
is assumed, particularly the position of military attention, contains pro- 
tein This condition is apparently harmless, although it has been used as 
a deterrent to military service, and may be due, in some instances at 
least, to mechanical pressure on the renal blood vessels due to a lumbar 
lordosis 

Foreign proteins injected into the blood stream are excreted by way of 
the urine, and lead to some excretion of blood proteins also Pathological 
albuminuria may m some cases be due to the passage of an abnormal pro 
tem from the tissues into the blood 

TESTS FOR ALBUMIN 

The urine should be filtered or centrifuged before these tests arc per- 
formed, and care should be taken against misinterpretation of the presence 
of pus or bacteria None of the tests described here is specific for albumin, 
since practically all of the proteins which ha\ e been found m urine at one 
time or another will respond to most of these tests It is common clinical 
practice, however, to refer to a positiv e reaction as signifying the presence 
of albumin in the absence ot specific information that some other protein 
(globulin, hemoglobin, Bence-Jones protein etc ) is present, since m the 
\ ast majority of cases it appears to be really albumm w Inch is concerned 
A positive tebt for albumm would entail its chaructcriz ition us v hcat- 
coagulabie protein, soluble m salt-free water (1 e , after dial) sis), and re- 
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qumng more than half saturated ammonium sulfate for precipitation 

(see Chapter 0 for further discussion) 

The official test for albumin adopted by the Association of Life I 
ance Medical Directors of America maj be found m Chapter 31 

1. Nitnc Acid Ring Test {Heller). Place 5 ml. of concentrated ILNO, In * 
test tube. Incline the tube, and by means of a pipet allow the urine to H 
slowly down the side The liquids should stratify with the formation oi a 
white zone of precipitated protein at the zone of contact. 


If the albumin is present m v ery small amount the white zone may not 
form until the tube has been allowed to stand for several minutes If the 
unne is quite concentrated, a white zone, due to unc acid or urates, will 
form upon treatment with mtnc acid as indicated This nng may be easily 
differentiated from the albumin nng by repeating the test after diluting 
the unne with 3 or 4 volumes of water, whereupon the nng, if due to uric 
acid or urates, will not appear It is ordinanly possible to differentiate 
between the albumin nng and the unc acid nng without diluting the 
unne, since the nng, when due to unc acid, has ordinarily a less sharpl> 
defined upper border, is generally broader than the albumin nng, and 
frequently is situated m the unne above the point of contact with the 
nitnc acid. Concentrated unnes also occasionally exhibit the formation, 
at the point of contact, of a crj stalline nng with very sharply defined 
borders. This is urea nitrate and is easily distinguished from the fluffy 
nng of albumin If there is any difficulty in differentiation, a simple dilu- 
tion of the unne with w ater, as above desenbed, will remove the difficulty 
Vanous colored zones, due either to the presence of indican, bile pig" 
ments, or to the oxidation of other organic unnarj constituents, may 
form in this test under certain conditions These colored nngs should 
never be confounded with the white nng which alone denotes the presence 
of albumin 

After the administration of certain drugs, a white precipitate of resin 
acids may form at the point of contact of the two fluids and may cause 
the observer to draw wrong conclusions This nng, if composed of resin 
acids, wall dissolve m alcohol, whereas the alb umin nng will not dissolve 
in this solvent 

A nng closely resembling the albumin nng is often obtained in unnes 
preserved for a considerable time by thymol when subjected to the nitnc 
acid test The nng is due to the formation of mtrosothymol and possibly 
mtrothymol If the thymol is removed from the unne by extraction with 
petroleum ether* previous to adding mtnc acid, the nng does not form. 


2. Nitric Acid and Magnesium Sulfate Ring Test (Roberts) Place 5 ml of 
Robert*' reagent 1 * In a teat tube, incline the tube, and by mean* of a pip et 
allow the urine to flow slowly down the side The liquids should stratify 
with the formation of a white zone of precipitated protein between the 
layers. 


» Accomplished readily by gently agitating equal volumes of petroleum ether and the 
urine under exa mina tion for two minute* m a test tube before applying the test. 

M See Appendix. 
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This test is a modification of Heller’s ring test and is rather more satis- 
factory than that test, since the colored rings never form and consequent 
confusion is avoided. 

3. Sulfosaltcylic Acid Test. To 1 volume of urine odd 2 to 3 volumes of 3 per 
cent sulfosaltcylic acid solution. A turbidity (compare against a control 
diluted with water) or precipitate denotes the presence of albumin or glob- 
ulin (but not proteose). The precipitate may be intensified by warming. 

4. Coagulation or Boiling Test. a. Heat 5 ml. of urine to boiling In a test 
tube. (If the urine is not clear it should be filtered.) A precipitate forming 
at this point is due either to albumin (or globulin) or to phosphates. Acidify 
the urine slightly by the addition of 3 to 5 drops of very dilute acetic acid, 
adding the acid drop by drop to the hot solution. If the precipitate is due to 
phosphates it will disappear under these conditions, whereas if it is due to 
protein it will not only fail to disappear but will become more flocculent in 
character, since the reaction of a fluid must be acid to secure the complete 
precipitation of the protein by this coagulation process. 

Too much acid should be avoided since it will cause the protein to go 
into solution. Certain resin acids may be precipitated by the acid, but the 
precipitate due to this cause may be easily differentiated from the protem 
precipitate by reason of its solubility in alcohol. 

b. A modification of this test in quite general use is as Fi “ a J est 

tube two-thirds full of urine and gently heat the upper half of * h e to 

boiling, being careful that this fluid does not mix with the lower half, which 
serves as a control. A turbidity indicates protein or phosphates. Acidity tne 
urine slightly by the addition of 3 to 5 drops of dilute acetic acid, whereupon 
the turbidity, if due to phosphates, will disappear. 

5. Osgood-Haskins Test for Urinary Protein. To 5 volumes of urine add 
1 volume of 50 per cent acetic acid, followed by 3 volumes of satura ei ( P 
cent) sodium chloride. (The appearance of a precipitate after the addition 
of acetic acid, at room, temperature, indicates the presence o ® sa » 
urates, resin acids, etc., whereas a precipitate after the ad ton ° ie ® , 
solution suggests Bence-Jones protein (see p. 832), or globu n n exces 
0.38 g. per liter.) Heat the mixture gradually to boiling. As the *'“ pcr ®*“ 
is raised the precipitate of Bence-Jones protein, if present, w g 
tion; if albumin or globulin are present a precipitate wi * .. 

has the advantage of indicating the presence of Bence-Jones protein 
as albumin and globulin. 

GLOBULIN 

Serum globulin is not a constituent of normal urine but frequently 
occurs in the urine under pathological conditions and fs oribanly ^o- 
ciated with serum albumin. In albuminuria globulin in i vary n ig amo u 
often accompanies the albumin, and the cbmeal significance, of the t«o 
is very similar. Under certain conditions globulin may occur in tho urine 
unaccompanied by albumin. 

TESTS FOR GLOBULIN 

r.lnhnlin will resnoiid to all the tests outlined above under “Albumin.” 
If it is^esirable to differentiate between albumin and globulin m any 
urine, the following procedure may be employed: 
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Place 25 ml of neutral urine In a small beaker and add an equal volume of a 
saturated solution of ammonium sulfate Globulin if present will be pre 
cipitatcd If no precipitate forms add ammonium sulfate m substance to 
the point of saturation If albumin is present It will be precipitated upon 
saturation of the solution as just indicated This method may also be used 
to separate globulin and albumin when they occur In the same urine 
Frequently in urine which contains a large amount of urates a precipi 
tate of ammonium urate may occur when tl e ammonium sulfate solution 
is added to the urine This urate precipitate should not be confounded with 
the precipitate due to globulin The two precipitates may be differentiated 
by means of the fact that the urate precipitate ordinarily appears only after 
the lapse of 6eieral minutes whereas the globulin generally precipitates 
at once 

jSONBIOOD proteins 

Certain proteins are occasionally excreted by tbe kidneys which do not 
yve the precipitin reactions for an> of the normal blood proteins These 



Fig 227 Cbtstalum. Bencb-Josfs I botejv 
Isolated by buinrnerson from the unne of a case of mul 
t pic mjcloma 

include proteoses Bence-Jones protein and the protein of Hcktoen 
Kretschmer and Welker 

Proteoses or substances yvmg similar precipitation reactions have fre- 
quently been found in the unne m cases of pneumonia diphtheria intes- 
tinal ulcer carcinoma dermatitis osteomalacia atrophy of the kidneys 
aad in conditions in which there is absorption of partially digested pus 
Bence-Jones protein is believed to be of diagnostic importance in eases 
of multiple mjeloma and m>elogemc osteo,arcoma It has been shown to 
lie chemically and immunologically distinct from any of the blood pro- 
teins and has been obtained m crystalline form (see Fig 227) It appears 
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to bo present normally in small amount in the bone marrow and in certain 
white blood cells. Its excretion in relatively large amount (30 to 50 g. per 
day in some instances) under pathological conditions is apparently due 
either to overproduction or decreased utilization; it is not known \\hich 
is the true explanation. The presence of Bence-Jones protein in the blood 
plasma of patients with multiple myeloma lias been shown by electro- 
phoretic methods 

The protein of Hektoen, Kretschmer, and Welker resembles the Bence- 
Jones piotein and certain proteoses in solubility and precipitation limits 
with ammonium sulfate (40 to GO per cent). It is distinct from these, and 
from, blood proteins in its precipitin reactions, its behavior with heat, anc 1 
in crystalline form. 

TEST FOR NONBLOOD PROTEINS 

1. Schulte’s Method . Acidify 50 ml. of urine with dilute acetic acid and 
filter off any precipitate of nucieoprctein which may form. Now test a few 
ml. of the urine for coagulable protein, by test 4 Under “Albumin,” p. 831. 
If coagulable protein is present, remove it by coagulation and filtration 
before proceeding. Introduce 25 ml. of the urine, freed from coagulable 
protein, into 150 ml. of absolute alcohol and allow it to stand for 12 to 24 
hours. Decant the supernatant fluid and dissolve the precipitate in a small 
amount of hot water. Now filter this solution, and after testing again for 
nucleoprotein with very dilute acetic acid, try the biuret test. If this test 
is positive the presence of proteose is indicated. 1 * 

Urobilin does not ordinarily interfere with this test since it is almost 
entirely dissolved by the absolute alcohol when the proteose is precipitated. 

2. Boiling Test. Make the ordinary coagulation test according to the direc- 
tions given under “Albumin,” p. 831. If no coagulable protein is found, allow 
the boiled urine to stand and note the gradual appearance, in the cooled 
fluid, of a flaky precipitate of proteose. 

J. Detection o/ Bence-Jones Protein. Heat the suspected urine very gently, 
carefully noting the temperature. At as low a temperature as 40° C. a tur- 
bidity may be observed, and as the temperature is raised to about 60° C. 
a flocculent precipitate forms and clings to the sides of the test tube. If the 
Urine is now acidified very slightly with acetic acid and the temperature 
further raised to 100° C., the precipitate at least partly disappears. Filter 
while boiling hot. The precipitate returns on cooling the tube. The addition 
of a few drops of dilute (1 per cent) calcium chloride solution to the urine 
before testing frequently improves the response to this test. 

This property of precipitating at so low a temperature and of dissolving 
at a higher temperature is typical of Bence-Jones protein and may be used 
to dlflerentiate it from all other forms of protein material occurring in the 
Urine. 

4. Osgood-Haskins Test for Bence-Jones Protein. See Exp. 5, p. 831. 


11 If it is considered rle-oraMe to test for peptone the proteose tnaj removed h> satura- 
tion mth (XHOsbOl a< cording to the direUtoni given on p l'l7 and the filtrate tested for 
peptone by the biuret test. 
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\UCI EOPROTELN 

'lhere has been considerable contro\crs> as to the proper classification 
for the protein material which forms the nubecula of normal unne By 
different in\ estigators it has been called mucin, mucoid, phosphoprotein, 
nucleoalbumin and nucleoprotein Of course, these terms are not synonj- 
mous Mucin and mucoid are glycoproteins and hence contain no phos- 
phorus (see p 185), whereas phosphoproteins and nucleoproteins are 
phosphori7td compounds It may possibly be that both these forms of 
protein l e the glycoprotein and the phosphonzed type, occur in the 
urme under certain conditions (see p 810) In this connection we will use 
the term nucleoprotein The pathological conditions under which the con 
tent of nucleoprotein is increased include all affections of the urmarj 
passages and in particular pyelitis, nephritis, and inflammation of the 
urinary bladder 

TESTS FOR NUCLEOPROTEIN 

i Detection of Nucleoprotein Place 10 ml of urine In a email beaker, 
dilute it with three volumes of water to prevent precipitation of urates, and 
make the reaction very strongly acid with acetic acid If the urine become* 
turbid it u an indication that nucleoprotein is present 

If the urine under examination contains albumin the greater portion of 
this substance should be removed by boiling the urine before testing It for 
the presence of nucleoprotein 

2 Tanntc Acid Precipitation Test ( Ott ) Mix 25 ml of the urine with an 
equal volume of a saturated solution of sodium chloride and slowly add 
Almen s reagent 2 * * * * * * * * 11 In the presence of nucleoprotein a voluminous precipitate 
forms 

BLOOD 

The pathological conditions in which blood occurs in the unne may be 
classified under the two divisions hematuna and hemoglobinuria 1 11 
hematuna we are able to detect not only the hemoglobin but the unrup- 
tured corpuscles as well whereas m hemoglobinuria the pigment alone w 
present Hematuna is brought about through blood passing into the urine 
because of some lesion of the kidney or of the urinary tract below the 
kidney Hemoglobinuria is brought about through hemolysis, 1 e , the 
rupturing of the stroma of the erythrocyte and the liberation of the hemo- 
globin. This may occur in malana typhoid yellow fever, hemolytic 
jaundice and other diseases It may also occur as the result of a bum 

covenng a considerable area of the body through the action of certain 

hemolytic poisons or as a result of transfusion with incompatible blood 

DETECTION OF BLOOD 

l Benzidine Reaction This is one of the moat delicate of the reactions 

for the detection of blood Different benzidine preparations vary greatl} 

in their sensitiveness however Inasmuch as benzidine solutions change 
readily upon contact with light it is essential that they be kept in a 
dark place 


* Appendix. 
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The test is performed as follows. To 3 ml of a saturated solution of benzi- 
dine in glacial acetic acid 13 add 2 ml. of urine and 2 ml. of 3 percent hydrogen 
peroxide. A blue or green color indicates a positive test. The following test is 
more delicate and specific. 

Confirmatory Test. To 10 ml. of urine add l to 2 drops of glacial acetic acid 
and extract by shaking with 5 ml. of ether Pour the ether extract into a 
small evaporating dish. Put on a hot water bath (with flame turned out) 
and evaporate to dryness. To the residue add a few drops of water, a drop of 
benzidine solution, and a drop of hydrogen peroxide. A blue or green color 
indicates blood. 

Often when urines containing a small amount of blood are tested by the 
direct procedure, the mixture is rendered so turbid as to make it difficult 
to decide as to the presence of a faint green color The sensitn eness of the 
benzidine reaction is greater when applied to aqueous solutions than when 
applied to the urine 

For modifications of tins test and further discussion see page 484 

2. Guaiac Test. Place 5 ml. of urine l 11 In a test tube and by means of a pipet 
introduce a freshly prepared alcoholic solution of guaiac (strength about 
1 60) into the fluid until a turbidity results, then add old turpentine or 
hydrogen peroxide, drop by drop, until a blue color is obtained. 

This test is also much more delicate w hen applied to the acid-ether ex- 
tract The test is positive both before and after boiling the urine for 15 
to 20 seconds Pus does not respond after boding Old, partly putrefied 
pus gives the test even without the addition of hydrogen peroxide or old 
turpentine, whereas fresh pus responds upon the addition of hydrogen 
peroxide See the discussion on p 4S0 and the test on p 484 

3. Spectroscopic Examination. Submit the urine to a spectroscopic exami- 
nation according to the directions given on p. 494, looking especially for 
the absorption bands of oxyhemoglobin and methemoglobin (see Fig. 110, 
P. 473). 

MYOGLOBIN 

This heme pigment, derrv ed from muscular tissue, is found m the urine 
after extensive destruction of muscular tissue, as from crushing injuries 
Urme containing myoglobin resembles that containing blood, it may be 
smoky dark brown or red, and will give a positive benzidine test Red 
cells, however, are notably absent, and the sediment may contain brown 
pigmented casts Myoglobin has a molecular weight only about one- 
fourth that of hemoglobin (see Chapter 22 for further discussion) which 
probably explains its ready diffusibihty through the kidney membranes 
The appearance of myoglobin in the urine is usually associated with con- 
comitant kidney damage, both clinically and experimentally, but whether 
this has any direct connection with the presence of myoglobin is not 
known. 


l * Glacial acetic acid is preferable but if it is not a\ aifable, alcohol acidified with acetic 
acid nia> be used 

14 Ukahnc urine should be made sli»htb with acetic acid as tbo blue end reaction 
ia very teiu.it i\e to alkali 
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PUS 

Pus may be present m the unne in inflammatory affections of -various 
types Such a condition is termed pjuna Mbunun always accompanies 
the pus In catarrh of the urinary bladder and in inflammation of the 
urethra or of the pelvis of the kidney, pus is particularly apt to be present 
m the unne If a urine of high pus concentration is voided it may indicate 
the rupturing of an abscess in some part of the genitourinary tract Pus 
may be detected by one of the procedures giv en below 

TESTS FOR PUS 

1 Microscopical Detection o/ Put The characteristic form elements of pus are 
leukocytes They may occur in a try «mall number in normal urine Examine the 
unne (centrifuged if necessary) under the microscope Any considerable number of 
pus corpuscles indicates a patl ological unne In acid unne the pus corpuscles appear 
as round colorless cells composed of refractive, granular protoplasm Sometimes 
they may exhibit ameboid movements particularly if the slide containing them be 
warmed slightly They are nucleated (one or more nuclei) the nuclei being clearly 
visible only upon treating the cells with water, acetic acid or some other suitable 
reagent In allaline unne the pus corpuscles are often degenerated They may occur 
as swollen, transparent cells which exhil it no granular structure If the degeneration 
has proceeded far enough the auclci fade an 1 the cell disintegrates and only' debris 
remains 

Sometimes it is almost impossible to differentiate between pus corpuscles ana 
certain types of epithelial cells In such a case apply the follow mg chemical lest 

2 GuaiacTest This test is not specific (or pus, but is given by certain other 

substances and particularly by blood (see p 835) Perforin the test as follows 
Acidify the unne (if alkaline) with acetic add, filter and add tincture of 
guaiac to the sediment on the paper If the pus is old and partly putrefied, 
it will give a blue color If no blue color is secured, add old turpentine, or 
hydrogen peroxide, drop by drop A blue color formed only under these con- 
ditions indicates fresh pus 

As a control test boll some of the urine (or sediment) for 15 to 20 seconds 
and repeat the test Pus does not respond after boiling In the case of blood 
the test is positive both before and after boiling 

BILE 

Both the pigments and the acids of the bile may be detected m the unne 
under certain pathological conditions V unne containing bile may be yel 
lowish green to brown m color and when shaken foams readily The stain 
ing of the \anous tissues of the body through the absorption of bile due to 
occlusion of the bile duct is a prominent symptom of the condition known 
as icterus or jaundice Bile is alw ay s present in the unne under such condi 
tions unless the amount of bile reaching the tissues is extremely* s ma ll- 

TESTS FOR BILE PIGMENTS 

Practically all of the tests for bile pigments are based on the oxidation 
of the pigment by a vanety of reagents with the formation of a senes of 
colored derivatives lor detailed chemistry of these tests see the chapter 
on bile V -ample though satisfactory test for bile consists in shaking the 
unne in a test tube and observing the yellow foam 
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1. Giticlin’s Test. To about 5 mi. of concentrated nitric acid in a test tube 
add an equal volume of urine carefully so that the two fluids do not mix. 
At the point of contact note the various colored rings; green, blue, violet, 
red, and reddish yellow. (Fuming yellow nitric acid gives the best results.) 

2. Rosenbach’s Modification of Gmelin’s Test. Filter 5 ml. of urine through 
a small filter paper. Introduce a drop of concentrated nitric acid into the 
cone of the paper and observe the succession of colors as given in Gmelin’s 
test. 


3. Harrison Spot Test. 16 S & S filter paper No. 470 is impregnated with a 
10 per cent barium chloride solution and dried. Dip the dry paper into the 
urine for 10 seconds and add a drop of Fouchet’s reagent 14 at the surface line. 
A green color indicates bilirubin. This test has been modified by Hawklnsou, 
Watson and Turner.* 7 


TESTS FOR BILE ACIDS 

i. Furf ural-HiSO* Test {My lilts). To 5 ml. of urine in a test tube add 3 drops 
of a very 7 dilute (1:2000) aqueous solution of furfural. Now incline the tube, 
run about 2 to 3 ml. of concentrated sulfuric acid carefully down the side, 
and note the red ring at the point of contact. Upon slightly agitating the 
contents of the tube the whole solution gradually assumes a reddish color. 
As the tube becomes warm, It should be cooled in running water in order 
that the temperature may not rise above 70° C. 

It is claimed that this test is not satisfactory in the presence of protein 
and chromogenic substances which yield interfering colors with sulfuric 
acid. 


2. Surface Tension Test (Hay). This test is based upon the principle that 
bile acids have the property of reducing the surface tension of fluids in which 
they are contained. The test is performed as follows: Cool about 10 ml. of 
fresh urine in a test tube to 17° C. or lower, and sprinkle a little finely pul- 
verized sulfur upon the surface of the fluid. The presence of bile acids is indi- 
cated if the sulfur sinks to the bottom of the liquid, through the surface 
film. Compare with a control tube of normal urine known to be free from bile. 
Urines preserved with thymol may respond positively to this tesr. 

THE ACETONE BODIES 

The acetone (or ketone ) bodies include the compounds acetoacetic (or 
diacetic) acid, /3-hydro\ybutyric acid, and acetone. The chemical relation- 
ship between these various acetone bodies is as indicated below; aceto- 
acetic acid and /3-hydroxybutyric acid are primary products, the latter 
probably being formed by reduction of the foimer. Acetone, however, is a 
decomposition product of acetoacetic acid and is probably not produced 
as such within the body, although it is invariably found there when the 
Other two acetone bodies are pic&ent. 
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OH, CO CII, COOII -+ CH, CO CII, + CO 

Acetoacetic acid Acetone 

1 II (reduction) 

CH, CHOH CH, COOH 

0-IIydroxybutyric acid 
Acetoacetic acid and 0-hydroxybutync acid appear to be cither inter- 
mediate products in the breakdown of fatty acid chains or secondary 
combinations of 2-carbon fragments formed in this breakdow n or closely 
related to it hinder normal conditions the fatty acids in the animal body 
arc oxidized completely to carbon dioxide and water and intermediate 
products do not appear to any great extent in the blood or urine In cer- 
tain abnormal conditions, howc\er, the ketone bodies accumulate in the 
blood ( \elonemia ) and are excreted in the urine (/ etonuna), this general 
condition is known as a ketosis Ketosis is apparently always associated 
with some abnormality of carbohydrate metabolism It is still a disputed 
question whether ketosis results from the failure on the part of the animal 
body to oxidize completely the ketone bodies produced normally, or from 
an o% erproduction of ketone bodies by the organism in an attempt to meet 
fuel requirements not supplied by carbohydrates Ketosis occurs in fasting 
or during carbohydrate deprivation and n such conditions disappears 
when carbohydrate is fed Pathologically it is most severe in diabetes 
mclhtus, in which disease the accumulation of the ketone body acids is 
largely responsible for the development of diabetic acidosis Diabetic 
unne during ketonuna is often high in ammonia winch is formed by the 
body to combat acidosis Diabetic ketoais is alleviated by insulin treat- 
ment Ketosis also occurs in the acetonemic \ omiting of childhood, and 
frequently in pregnancy, fevers, ether and chloroform anesthesia, mal 
nutrition, prolonged feeding of a carbohydrate-poor diet high in meat and 
fat, and many other conditions (See also Chapters 31 and 33 ) 

Acetone, CII, CO CH,. Acetone when pure is a liquid which possesses 
a characteristic aromatic fruitlike odor, boils at 5G° to 57° C , and is misci 
ble with water, alcohol, or ether in all proportions It reacts with alkali and 
iodine to yield iodoform With sodium mtroprusside in alkaline solution 
it gives a red compound With balicylic aldehyde, in strongly alkaline 
solution, it forms a red to orange condensation compound ft forms a 
nonvolatile compound with bisulfitcs 

Acetoacetic Acid, CH, CO CII, COOII. In the pure state acetoacetic 
aeid is a colorless liquid miscible with water, alcohol, and ether, in all 
proportions Its solution gives a Bordeaux-red color with feme chloride 
(not given by acetone) W ith mtroprusside in alkaline solution it gives a 
permanganate color, similar to that given by acetone but many' times 
more intense on an equivalent basis In aqueous solution acetoacetic acid 
decomposes (raoit readily on warming in acid solution) to yield acetone 
Hence after heating or long standing it giv es the tests for acetone, and is 
probably never found in urine without the concomitant presence of 
at clone It is always determined quantitatively as acetone Acetone and 
acetoacetic acid may be separated by blowing off the acetone with a cur- 
rent of air under the proper conditions 
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/3-Hydroxybutync Acid, CH 3 GHOH CH 2 COOH. Ordinary /S hy- 
droxy butyric acid is an odorless, transparent, le\ orotatory syrup easily 
soluble in water, alcohol, and ether, it may be obtained in crystalline 
form It does not respond to the tests for acetone or acetoacetic acid un- 
less it is first oxidized, when it yields acetoacetic acid and, on decomposi- 
tion, acetone d-Hydroxybutyric acid in acid urines acts as a urinary 
antiseptic Hence ketogemc diets may be useful in cases of infection of the 
unnary tract 

Occurrence of Acetone Bodies in Urine. Total ketone bodies are 
found in normal urine to the extent of about 20 mg (expressed as acetone) 
in 24 hours, but this amount is variable Of the total, one-half or more is 
usually m the form of 0 hydroxybutyric acid, but this ratio is also v anable 
Pathologically, \ alues of from 0 02 to 6 g or more per day of combined 
acetone and acetoacetic acid have been ob^er\ ed d- Hydroxybutyric acid 
has been found in the urine in sex ere diabetes m amounts of 50 to 100 g 
or oxer In such conditions the & hydroxybutyric acid may constitute 60 
to 80 per cent of the total acetone bodies In rare cases excretion of large 
amounts of ^-hydroxybutyric acid may occur with low acetone output 

TESTS FOR ACETONE BODIES 
The three acetone bodies practically always occur together in the unne 
and have essentially the same significance The usual tests for ketonuria 
are tests for acetone or acetoacetic acid or both, since a distillate obtained 
by heating urine wall contain acetone derived by decomposition of aceto- 
acetic acid as well as preformed acetone, and the mtroprusside reaction 
applied to urine will detect either compound, although with quite differ- 
ent relative sensitivity There is no satisfactory simple direct teat for 
@ hydroxybutyric acid in unne The ferric chloride test for acetoacetic 
acid is not given by acetone, but the tea t is neither sensitive nor specific 
and cannot be recommended for clinical work, except perhaps as a con- 
firmatory te&t It must be made on the urine directly, and not on a 
distillate 

The mtroprusside test (particularly the Rothera \ ersion) is much more 
sensitive (at least five or more times) to acetoacetic acid than to acetone, 
hence when applied to urine directly the result mil depend largely on the 
relative amounts of these two substances present Fresh urine may give 
a positive test, the same urine on standing and after decomposition of the 
acetoacetic acid to acetone may give a negativ e test In a distillate, where 
both compounds are present as acetone, the reaction is sometimes fainter 
than m the original urine The test is not entirely speci/ic for the acetone 
bodies, but when positive it is strongly indicative of their presence It is 
probably the most widely used test for ketonuria m clinical work, and 
many variations in technique have been proposed, nevertheless it cannot 
be regarded as entirely satisfactory 
The iodoform and salicylic aldehyde tests react with acetone but not 
directly with acetoacetic acid, and because of interfering substances 
m urine must be earned out on acetone separated from the unne by 
distillation or otherwise The iodoform test on a distillate is quite sensi- 
tive and may be of value in suggesting the presence of very small amounts 
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of acetone bodies, but it is not entirely specific for acetone (alcohol fo 
example also gives a positive test) and it is less satisfactory for clinic 
work than the other tests described here The salicylic aldehyde tes , 
earned out as desenbed here on acetone separated from the unne, is 
probably the most generally satisfactory test for ketonuna 

TESTS FOR ACETONE AND VCETOACETIC ACID 

1. Isolation from the Unne The tests for acetone are more satisfactory if 
the acetone is separated from the urine by distillation and the tests apP IlE 
to the distillate Introduce into a small distilling bulb 10 ml (or more) 
of the unne to be tested, and acidify Distil ofl about 2 ml. of liquid (con* 
talning most of the acetone) into a test tube A condenser is not necessary 
but the tube should be kept cool In the distillation any acetoacetic ac 
present is decomposed and the acetone from this source also passes into 
the distillate Try either of the two following tests on the distillate 

2 Iodoform Test ( Lteben ) To 2 ml of distillate add 3 to 5 drops of 10 p« r 
cent NaOII and then Lugol s iodine solution drop by drop to a faint yellow 
Let stand at room temperature if necessary A definite turbidity changing 1° 
a yellow precipitate of iodoform should be noted The odor is characteristic 
as Is also the crystalline form viewed under the microscope (see p 68) 

This test is given by alcohol which may be formed by fermentation In 
diabetic urines Alcohol, however, reacts much more slowly If ammoni3 
Is used, usually 5 to 10 drops, instead of NaOH (Gunning’s test) the reac- 
tion is more specific for acetone but is less delicate 

3 Nitroprusside Test (Legal) Try this test on both the original unne and 
the distillate To 2 ml of liquid add a few drops of a freshly prepared 5 per 
cent aqueous solution of sodium nitroprusside Make alkaline with NaOII A 
red color Indicates acetone If the test is made directly on unne a red color i» 
given by creatinine which, however, disappears on the addition of acetic 
add A modification of this test in quite general use is as follows to a few 
ml of urine add a few drops of the nitroprusside solution and mix Add con- 
centrated ammonium hydroxide carefully down the side of the tube so as to 
form a laj er over the sample A purple (not brown) ring at the zone of contact 
indicates the presence of acetone bodies 

4 Nitroprusside Test ( Rothera } » Saturate 20 ml of unne with ammo 
nium sulfate by shaking with the crystals m a test tube Add 2 to 3 drops of 
concentrated MI, OH and a few drops of a freshly prepared 5 per cent solution 
of sodium nitroprusside and shake A positive test is indicated by the de- 
velopment of a permanganate tinge which gradually deepens A brown color 
Is not a positive test A quick strong reaction indicates about 0 25 per cent 
acetoacetic acid while a slow weak reaction is given by 0 0005 per cent aceto- 
acetic acid A faint test has less significance than the feme chloride test 1 * 
because of the delicacy of the reaction The test is given by acetone also but i» 
much less delicate for this substance 


5 Salicylic Aldehyde Test ( Dehre ) » In this test a previous distillation »* 
unnecess ary since the acetone, preformed and from acetoacetic acid, is di*- 


" V • *» of ,‘ be «•* “"tone ar B ava.laHe commercial « • 

powder ( Acetone Teat » tamable from the Denver Chemical Mfe Co Inc New Y «** 
Cit> ) liuM * few dr v» of uru e are placed on a small amount of the powder A V^ e 
color indicates acetr ne. 

>* t >ee l *| • 

-B.hr. J Ub CJ.n- JM 11, 770 (ISM) „n. 
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tilled in the test tube onto the reagents. Place 3 ml. of urine in a clean test 
tube and 3 ml. of distilled water as a control in another tube, and add 1 drop 
of 1 : 1 sulfuric acid to each. Prepare two small thin squares of cotton and in 
the center of each place a drop of salicylic aldehyde (or of an alcoholic solu- 
tion of salicylic aldehyde* 1 ) and two drops of a saturated solution of potas- 
sium hydroxide. These reagents solidify to form a yellow disk. When they 
have solidified, invert a cotton square over each test tube and push in slightly 
so that the spot of reagents faces down toward the fluid in the tube but does 
not touch the sides of the tube. Place both tubes upright in boiling water for 
eight minutes. Remove the cotton and examine the spots. The presence of 
acetone or acetoacetic acid in the urine is indicated by a pink to deep rose 
coloration of the spot, as compared with the yellow color of the blank test. 
The color from acetone bodies deepens on standing and in doubtful cases 
should be examined after a few minutes. Familiarity with the test makes it 
possible to estimate roughly the amount of total acetone present. 

6. Ferric Chloride Test for Acetoacetic Acid 11 ( Gerhardt ). To 5 ml. of urine 
In a test tube add ferric chloride solution, drop by drop, until no more pre- 
cipitate forms. In the presence of acetoacetic acid, a Bordeaux-red color 
is produced; this color may be somewhat masked by the precipitate of ferric 
phosphate, in which case the fluid should be filtered. 

A positive result from the above manipulation simply indicates the pos- 
sible presence of acetoacetic acid. Before making a final decision regarding 
the presence of this substance make the two following control experiments: 

o. Place 5 ml. of urine in a test tube, small beaker, or Erlenmeyer flask 
and boil it vigorously for three to five minutes. Cool the vessel and, with 
the boiled urine, make the test as given above. Compare with the test on the 
unboiled sample. As has been already stated, acetoacetic acid yields acetone 
upon decomposition and acetone does not give a Bordeaux-red color with 
ferric chloride. By boiling as indicated above, therefore, any acetoacetic acid 
present would be decomposed into acetone and carbon dioxide and the teat 
upon the resulting fluid would be negative. If positive, the color is due to the 
presence of substances other than acetoacetic acid. 

b. Place 5 ml. of urine in a test tube, acidify with H-SOi, to free acetoacetic 
acid from its salts, and carefully extract the mixture with ether by shaking. 

If acetoacetic acid is present, it will be extracted by the ether. Now remove the 
ethereal solution, evaporate it to dryness, dissolve the residue in 1 to 2 ml. 
of water, and add 3 to 5 drops of 3 per cent ferric chloride. Acetoacetic acid is 
indicated by the production of the characteristic Bordeaux-red color. 

This color disappears spontaneously in 24 to 4S hours Such substances 
as antipyrme, acetophenetidme, salicylic acid, salicylates, sodium acetate, 
thiocyanates, and thallm yield a similar red color under these conditions; 
"hen due to the presence of any of these substances, however, the color 
does not disappear spontaneously but may remain for days. Many of 
these disturbing substances are soluble iu benzene or chloroform aud may 

11 Eutmaii’g technical grade or Euner and Ain end's Acid Salicj la us. Synthetic, arc 
Usually satisfactorj for use without dilution If blackening appears on the cotton during 
the heating a solution of 1 part salicj be aldehj do in 1 part methj 1 or ethi 1 alcohol should 
bo used 

** To prepare a solution which maj bo added to unne, if unnes containing tlus aud 
aro not a'mlablo for student work, proceed as follows. Treat 13 g. of ethjl acotoaeetnte 
'nth 500 ml. of 0 2 N sodium h> droxido. Allow to stand for 4S hours to hjd roljxe the 
cater In preparing urmo fur testa add 1 part of this solution to 10 parts of unne. 
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he remo\cd from the umic by this means before extracting with ether as 
above Acetoacetic acid is insoluble in benzene or chloroform 


TESTS FOR 0-H Y DROXYBUT Y RIC ACID 

1. Black’s Reaction. Inasmuch as the urinary pigments as well as any con- 
tained sugar or acetoacetic acid will interfere with the delicacy of this test 
when applied to the urine directly, the following preliminary procedure is 
necessary Concentrate 10 ml. of the urine under examination to one-third 
or one-fourth of its original volume in an evaporating dish at a gentle heat 
Acidify the residue with a few drops of concentrated hydrochloric acid, ad 
sufficient plaster of Pans to make a thick paste, and allow the mixture to 
stand until it begins to set. It should now be stirred and broken up in the 
dish by means of a stirring rod with a blunt end. Extract the porous meal 
thus produced twice with ether by stirring and decantation. Any ^-hydroxy- 
butyric acid present will be extracted by the ether. Evaporate the ether ex- 
tract spontaneously or on a water bath, dissolve the residue in water, and 
neutralize it with barium carbonate To 5 to 10 ml of this neutral fluid in a 
test tube add 2 to 3 drops of ordinary commercial acid hydrogen peroxide. Mi* 
by shaking and add a few drops of Black’s reagent.** Permit the tube to stand 
and note the gradual development of a rose color which increases to its maxi- 
mum intensity and then gradually fades.* 4 

In carrying out the test care should be taken to see that the solution is cold and 
approximately neutral and that a large excess of hydrogen peroxide and Blacks 
reagent are not added In case but little ft hydroxybuty nc acid is present the color 
will fail to appear or will be but transitory if the oxidizing agents arc added m too 
great excess It is preferable to add a few drops of the reagent and at intervals of a few 
minutes repeat the process until the color undergoes no further increase m intensity 
One part of 0 hydroxybutync acid m 10,000 parts of the solution may be detected by 
this test 


2. Polarucopic Examination Subject some of the urine (free from protein) 
to the ordinary fermentation test (see p 827) This will remove glucose and 
fructose, which would Interfere with the polanscopic test Now examine 
the fermented fluid in the poianscope and if it is levorotatory the pres- 
ence of 0-h> droxybutyric acid is indicated This test is not absolutely reliable, 
however, since conjugate glucuronates are also levorotatory and withstand 
fermentation 


GLUCURONIC ACID 
H H OH H H 


1 i 


-i-, 

II i>H I 

-O 1 


C— COOII 


Glucuronic acid docs not occur free in unne, but is found in combina- 
tions known as conjugate glucuronates or glucurontdes with a wide \ ancty 
of compounds under both normal and pathological conditions or after 
administration of such compounds for medicinal or experimental pur- 
poses T here are tw o general t> pts of conjugate glucuronates, the glycoside 
“ Made by dissolving 5 g. of feme chlonde and 0 4 g. of ferrous chloride in 100 ml ° { 

water 

11 T,ua disappearance of color u due to the further oxidation of the acetoacetic acid 
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tjpe and the ester type, both of which involve linkage with glucuronic 
acid through the OH group on carbon atom number 1 of the cyclic struc- 
ture The glycoside type involves the OH group of aliphatic or aromatic 
alcohols, e g , phenol, naphthol, borneol, etc , while the ester type in- 
i oh es reaction with the COOH group of such compounds as benzoic acid, 
pbenylacetJC acid, etc Free glucuronic acid is as powerful a reducing sub- 
stance as glucose, and its quantitative determination may be based upon 
tins fact, ester-type glucuromdes likewise show direct reducmg properties, 
probably due to concomitant hydrolysis, while the glycoside type is noii- 
reducmg until hydrolyzed Conjugate glucuronates may therefore inter- 
fere with the reducmg tests for sugar in urine under certain conditions, 
but they may be readily distinguished from glucose because of their non- 
fermentabihty with yeast While glucuronic acid is dextrorotatory, the 
glucuromdes as a class are levorotatory, this also serves for distinction 
from glucose m urine 

The total glucuronic acid content of normal urine appears to approxi- 
mate 0 5 to 1 0 g per day, earlier estimates were considerably lower than 
this, probably because the methods were based on the mistaken assump- 
tion that all conjugate glucuronates are soluble m ether The glucuromdes 
of normal urine include combinations with phenol, mdoxyl, skatoxyl, and 
the estrogenic hormone^ Urine glucuromde content may be greatly 
increased by the administration of a variety of compounds, such as anti- 
pyrine, acetylsahcyhc acid (aspirin), borneol, camphor, cldoral hydrate, 
menthol, morphine phenolphthalem turpentine, and practically all of 
the sulfonamides (except possibly sulfanilamide) Experimentally, certain 
carcinogenic substances or derivatives are ultimately excreted in part as 
glucuromdes Glucuronic acid formation and conjugation appear to take 
place in the In er The origin of glucuronic acid is obscure, although it is 
known to be an end product of the polysacchande-sphttmg action of the 
enzyme hjaluromdase 

TESTS FOR GLUCURONATES 

1 haphthoresorcinol Reaction ( Tollens ) Introduce 5 ml of urine in a test 
tube and add 0 5 to I ml of a 1 per cent solution of naphthoresorclnol In 
95 per cent alcohol, and 5 ml of concentrated hydrochloric acid Raise the 
temperature gradually to the boiling point and boil for one minute, shak- 
ing the tube continuously Stand the tube aside four minutes, then cool 
under the tap Extract with an equal volume of ether (preferably peroxide 
free) Glucuronates are Indicated by the ether extract assuming a violet- 
red color The spectroscope shows this extract to possess an absorption band 
in the green to yellow region of the spectrum The peak absorption is at ap 
proximately 570 mp 

2 Preparation of Glucuronic Acid ( Method of Quick ) M Give 5 g of pulver- 
ized borneol daily to each of several dogs Collect the urine, acidify with acetic 
acid, and add lead acetate Most of the coloring matter is carried down 
Filter, heat the filtrate to boiling, and add an excess of zinc acetate Filter off 
the precipitate and wash with hot water until no more coloring matter Is 
extracted This Is practically pure zinc borneol glucuronic acid About 1 g 
is obtained for each g of borneol given 

” Quick J Biol Chem 7-1 331 (10271 
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Dissolve the finely powdered zinc salt In hot 3 5 N sulfuric acid, uxinft about 
HO ml for each 100 ft of the salt When completely dissolved, cool rapidly 
and put In an icebox for several hours Filter oil the crystals of borncol ftlu* 
curonicacid, wash with a little cold water, and dry in the air 

Dissolve 100 ft of borncol ftlucuronic acid in 1,500 ml of 0 2 N sulfuric add 
and boil for three hours beneath a reflux condenser Filter and treat the 
hot filtrate with sufficient barium hydroxide to precipitate the last traces 
of sulfuric acid Allow the mixture to settle Siphon off the supernatant 
fluid, and complete the separation by centrlfuftinft Concentrate the solu 
tlon under diminished pressure to a syrupy consistency, and let it stand to 
crystallize Filter off the crystals and wash them with a small amount of 
alcohol to remove the piftment This is a mixture of ftlucuronic acid and its 
lactone Treat 4 ft of the product with 200 ml of 95 per cent alcohol and set 
aside for 12 hours Repeat twice, uslnft 100 ml portions of alcohol The 
residue should be ftlucuronic acid of 99 per cent purity To obtain the pure 
lactone, dissolve some of the mixture of acid and lactone in hot ftlacial acetic 
acid, allow the solution to cool, and rccrystalllze from hot water 

Glucuronic acid is a syrupy liquid, readily soluble in water and slightly 
soluble in alcohol 4\ hen the aqueous solution is boiled ev aporated, ° r 
c\cn allowed to stand at the ordinary temperature the acid loses the 
elements of water and yields the anhydride or lactone It is a strong 
organic acid (h > 1 X 10“*) 

Glucuronic anhydride C«lI k O«, forma monoclimc tables or needles, 
having a sweet taste, and m p IG0° when heat is gradually applied, or at 
170° to 180° when heated rapidly The anhydride is insoluble in alcohol, 
but dissohes readily in water to form a dextrorotatory solution, (a]o «* 
+ 19 2o° The solution presents 
the precipitation of cupric ion by 
alkalies and powerfully reduces 
Foldings solution the copper- 
reducing power being 98 8, com 
pared with glucose as 100 

Glucuronic acid itself is dev 
trorotatory ([a] D ** +3G°), but 
many of its compounds arc lev oro- 
tatory It shows mutarotation 
with an initial value of [aJu 0 =* + 
16° It reduces Fehhng s solution 
on heating, and precipitates the 
metals from hot alkaline solutions 
of sdver, mercury, and bismuth 

Fig 228 1 i^tosazune Crystals PENTOSES 



Isolated and punfied in the senior There are two distinct types of 

by D u, ® H pentosuria, viz (1) alimentary 

For color of crystals see Plate II opposite , , ' ' , ihe 

p 63 ^ pentosuria, resulting from the 

ingestion of large quantities of 
pentose nch fruits such as prunes cherries grapes or plums and fruit 
juices in which condition the pentoses appear only temporarily in the 
unne and (2) tl e chrome form of pentosuria, m which the output of 
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pentoses bears no relation whatever to the quantity and nature of the 
pentose content of the food eaten Pentosuria is apparently a harmless 
abnormality; it is definitely known that pentosuria bears no relation to 
diabetes mellitus and there is no generally accepted theory to account for 
the occurrence of the chronic form of pentosuria. The pentose detected 
most frequently in the urine in chronic pentosuria is L-xyloketose. 
L-Arabinose has been found in cases of alimentary pentosuria. For pen- 
tosazone crystals, see Fig. 228. 

TESTS FOR PENTOSE 

1. Benzidine Reaction (Tauber).™ To 0.1 ml. of the urine in a test tube, add 
0.5 ml. of a 4 per cent solution of benzidine in glacial acetic acid. Heat to 
vigorous boiling, cool under the cold-water tap, and add 1 ml. of water. The 
presence of pentose is indicated by the immediate appearance of a pink to 
red color. If pentoses are absent, the mixture has a yellowish-brown color. 

This test is highly specific for pentoses in the free form but Is not given by 
gum arabic, nucleic acids, or riboflavin in which the pentose is combined. 
Normal and abnormal constituents of urine do not interfere. Too large 
amounts of protein may be removed from pathological urine by mixing with 
an equal volume of 10 per cent trichoroacetic acid solution, warming to 
95°, and filtering. The test is applied to the filtrate. This test is said to detect 
the presence of aldopentoses but not hetopentoses. The 4 per cent benzidine 
solution is stable for four days. 

2. Orcinol-Hydrochloric Acid Reaction ( Bial ). To 5 ml. of Dial’s reagent* 7 
in a test tube, add 2 to 3 ml. of urine and heat the mixture gently until the 
first bubbles rise to the surface.” Immediately or upon cooling the solution 
becomes green and a flocculent precipitate of the same color may form. 

This test is believed to be more accurate than the original orcinol test. It 
is claimed that urines containing menthol, kreosotal, etc., respond to the 
old orcinol reaction, but not to Dial’s. If so desired the osazone of the pentose 
(see Fig. 228) may be formed, then distilled with hydrochloric acid and the 
distillate tested by Dial's test (Jolles). 

3. Phloroglucinol-Hydrochloric Acid Reaction ( Tottens ). To equal volumes 
of urine and hydrochloric acid (sp. gr. 1.09) add a little phloroglucinol and 
heat the mixture on a boiling water bath. Pentose, galactose, or glucuronic 
acid will be indicated by the appearance of a red color. To differentiate be- 
tween these compounds examine by the spectroscope and look for the ab- 
sorption band in the yellow region of the spectrum given by pentoses and 
glucuronic acid, and then differentiate between the two latter compounds by 
the melting points of their osazones. 

4. lVhitc-Green Reaction.* 1 To the urine in a test tube add two drops of 
acetic acid and boll. Add Norit, shake two minutes and filter. To 2 ml. of 
filtrate add 2 ml. of acetic acid and 5 drops of redistilled aniilne. Heat to 
boiling, allow to stand 2 minutes then cool and extract with 2 ml. of chloro- 


” Tauber: Proe. Soc. Exptl. Biol. Med . 37. COO (1037?. 
r Seo Appendix. 

** The test inaj* al-to bo performed by adding the urine to the hot reagent. No further 
healing should bo necessary if i>entoso is present. 

White and Green: Trans Roy. Soc. Section V, Biological Sciences, Third Series, 24, 145 
0932). 
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(orm In the presence ot pentose the chlotolorm extract heeomts l>ri« lit red 
Glucose and ,-alactose 4tte a |>reen color, fructose a pale yellow, and filucuron 

ate a, ery pale yellow LACTOSE 


Lactofec is rarely found m the untie except when excreted by women 
dunng pregnancy, during the nursing period, or soon after u caning i c , 
when the mammary glands arc actively functioning I aetosuna has no 
pathological significance representing as it docs simpl> the excretion o 
a sugar which has found its way into the blood stream by some means 
and which is not utilizablc as such bj the organism ,0 It is nevertheless 
important to be able to identify the condition of lactosuna and to dis- 
tinguish it from glucosuna, otherwise slhous misinterpretation of labora 
tor> data may result Lactose in urine is rcadilj distinguished from glucose 
by its lack of fermentabihty with ordinary jeast qualitative or better 
quantitative determination of reducing power before and after exhaustive 
treatment with yeast is of value m tlus connection, particularly for the 
detection of a concomitant glucosuna The cliaracterization of lactoec 
as its typical osazone is not ordinarily attended with much success m 
urine, better reaults may be obtained by adsorption of the lactose on 
charcoal prior to testing as described below The mucic acid test winch 
is specific for lactose and galactose may be used to identify lactose in 
urine but interpretation of results may be obscured by the presence of 
other insoluble crystalline substances 


TESTS FOR LACTOSE 

I Fermentation Test Ferment the urine as in Exp 3(a) or 3(b), p 827 H 
nonfermentable reducing sugar is found it is \ery probably lactose, especially 
if the patient be pregnant or lactating In rare cases it may be pentose La c 
tose may be distinguished from pentose by proper application of Tauber # 
test (p M5) the mucic acid test or the osazone test 


2 Osazone Test (According to Cole ) Shake 25 ml of urine with l g ° { 
Merck s medicinal charcoal boil a few seconds cool thoroughly and shake at 
intervals for 10 minutes Filter through a small paper or use a filter pump 
Let drain completely Transfer the charcoal to a dish containing 10 ml of 
water and 1 ml of glacial acetic acid Boil for about 10 seconds and fi* tc ^ 
hot into a tube containing as much phenylhydrazine hydrochloride as wrl 
lie on a quarter and twice as much sodium acetate Mir and heat on a boti»®B 
water bath for 45 minutes Remove and let stand for at least an hour Look 
for hedgehog crystals of lactosazone Glucose, if present in significant 
amount will be adsorbed by the charcoal to some extent and come through 
along with the lactose to give glucosazone crystals The value of the charcoal 
separation is chiefly to increase the concentration of lactose relative to g lu 
cose and to facilitate the obtaining of characteristic lactosazone crystal* 


3 Mucic Acid Test Transfer 50 ml of urine to a laO ml beaker and add 12 
ml of concentrated HNOi Heat on a boiling water bath until the volume 1* 
reduced to about 10 ml Cool Add 10 ml of water and let stand overnight 
A fine white precipitate of mucic acid will form if lactose or galactose i» 

** H any lactose is excreted into the intestinal tract and there h>drol>zed into glucose 
and galactose these product* are capable of absr rpt on an 1 utilization by the bod> 
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present Examine the cr>stals under the microscope (see Fig 19). Other 
reducing sugars do not give this test Lactose and galactose may be dlfler- 
cntiated by Tollens' test (see tests for pentose) 

GALACTOSE 

Galactose has occasionally been detected in the urine a^ m ParUctdar 
m that of nursing infants afflicted with a deranged digestive function 
ft may be present in sigiuficant amount in liver disease after ‘he admin- 
istration of large doses of galactose, as in the S^ctose tolerance test 
(analogous to the glucose tolerance test) for liver function 
galactose may be differentiated from other reducing sugars vvhich may 
present m the urine by means of the mucc acid test For >d>q^ 
the mucic acid test, see the experiments on lactose above To dtS^Ptiate 
galactose, use Tollens’ reaction (see the section on pentose aboveJ The 
red solution given by galactose shows no absorption bands Galactose is 
fermentable very slow ly or not at all by oidinary a ers yeas 

FRUCTOSE 

The occurrence of fructose in the urine is relatively rare In essential 
fructosuna small amounts of fructose are constantly e S 

of the fructose content of the diet, although it is curious that, if the die 
is carbohydrate-free, the excretion of fructose ceases >.0 satisfactory 
explanation has as yet been offered for the condition of essential fructo- 
suna, which is apparently a harmless metabolic abnormality < 
melhtus, fructose may at times be excreted along with glucose (nc\ er JJ 
itself), the significance of this is not known, although it may )e reca 
that fructose diphosphate is an intermediate m carbohydrate me a o 
(see Chapter 33) 

TESTS FOR FRUCTOSE 

I Borc/iardl’j Reaction . To about 5 ml of urine in a test tube “d 1 * 
volume of 25 per cent hydrochloric acid and a few crysta so r „nder 
Heat to boiling and after the production of a red color, coo e . 

running water and transfer to an evaporating dish or bea er a e . 

ture slightly alkaline with solid potassium hydroxide, return o ’ 

add 2 to 3 ml of ethyl acetate, and shake the tube vigorous y n 
of fructose the ethyl acetate is colored yellow 

The only urinary constituents which interfere with the test are nitnt^ 
and mdiean, and these interfere only when they are * P £ 

ent Under these conditions, the urine slioidd be 9 Ci<hfled vvith acctic 
acid and heated to boding for one minute to remote ethvl 

the mdiean content is very large, it will impart a blue “> or t “ ' l ' C C ^ 
acetate, thus masking the } cllow color due to fmctoscjlhen such urines 
are to be examined, the mdiean should first e remo 

test (see p 804) The chloroform should then be discarded, l the acid ur o 
mixture diluted wath one-third its volume of water, and the test applied 
as described above The urme of patients who have ingested santonin or 
rhubarb responds to the test The test will serve to detect fructose when 
pre ent in a dilution of 1 2000-1 e , 0 05 per cent 


848 


Clu|» 2» 


I'SACTICAL 1*111 MOUM ICAL C»II UMTBT 


2 Resorcinol-Hydrochloric Acid Reaction (SeUtanoS). To 5 ml. of Scl r 
noli', reagent* 1 In a test tube add a few drop, of the urine under etamln 
lion and heat the mixture to boiling, or place In a boiling water hath, 
presence of fructose 1. Indicated by the production of a red color "hlchma) 
or may not lead ultimately to the separation of a red precipitate. The la 
if formed may be filtered oil and dissolved In alcohol to which It will Imparl a 
striking red color. 


If the boiling be prolonged, a similar reaction ma> be obtained wit i 
urine containing glucose The precautions necessary for a positive test 
for fructose are as follows The concentration of the hydrochloric aci 
must not be more than 12 per cent, the reaction (red color) and the pre- 
cipitate must be observed after not more than 20-30 seconds of boiling, 
glucose must not be present in amounts exceeding 2 per cent, the pre- 
cipitate must be soluble in alcohol with a bright red color 


3. Atntno guanidine Test ( Tauber ) See p 73 

4. Phenylh^drazine Test. Make the test according to direction* under 
•‘Glucose," Exp 1, p 824 With methjlphenjlhjdrazine fructose gi' e * 
crystal* differing from those given by glucose In their rate of formation (P- 
73). 

5. Polarucopic Examination A simple polariscopic examination, when 
taken in connection with other ordinary tests, will furnish the requisite data 
regarding the presence of fructose, provided fructose Is not accompanied by 
other levorotatory substances, such as conjugate glucuronates and ff-hy- 
droxybutyrlc acid. 

ARSENIC 

When any soluble form of arsenic is introduced into the body in any 
way, it is quickly absorbed and distributed by the blood and lymph The 
absorption is influenced by the quantity and character of food in the 
stomach, and the activity of the circulation of the part in contact with 
the poison Some of the absorbed arsenic may be returned to the ali- 
mentary canal by way of the bile and gastrointestinal mucous membrane 
After absorption it may be deposited in the liver, kidneys, brain, bone, 
muscles, and walls of the stomach and intestines It is eliminated in all 
of the excretions, but chiefly by the kidneys and through the feces 
It does not appear very promptly in the unne but continues to be ex- 
creted in the unne over a long penod of tune, in some cases for several 
months Testing for arsenic has become of increasing importance because 
of the widespread use of arbemcals m chemotherapy Many instances of 
clinical manifestations of arsenical poisoning hav e been reported 

DETECTION AND ESTIMATION OF ARSENIC 

1. Gutzeit Method « Principle The presence of arsenic is revealed by the 
brown stain produced on mercuric bromide paper when amine 13 liberated from a test 
solution by the action of nascent hjdrogen 


" face Appendix 

»» Through out tl u determination care must be taVen to use dean tewc-nee reaeenls 
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Procedure. Prepare a generator as shown in Fig. 229 using a 50 -ml. wide- 
mouth bottle fitted with a perforated rubber (As-free) stopper. In the central 
chamber (about I cm. wide and 7 cm. long) place loosely 
packed glass wool or cotton moistened with 10 per cent 
lead acetate solution. The exit tube should have an 
internal diameter of about 3 mm. Into this tube insert 
astrip of mercuric bromide test paper.” 

To prepare the arsine stain place 5 ml. of 15 per cent 
potassium iodide, 5 ml. of acid stannous chloride solu- 
tion (1.6 g. SnCli dissolved in 100 ml. 10 per cent HGI), 

2 ml. of the test solution, and 30 ml. of water in a flask. 

Add 1.5 g. granulated As-free zinc and stopper immedi- 
ately with the exit tube arrangement. Immerse the 
generator bottle in water at 25° C. for 1 hour. Remove 
the test strip and compare the color and length of stain 
with strips similarly prepared from standard arsenic 
solutions. 

Depending upon the nature of the material under 
examination the test solutions may be prepared, by 
direct solution or by digestion (tissues, foods urine) 
with As-free concentrated sulfuric acid as In the 
Kjeldahl nitrogen determination (see p. 871). To pre- 
pare the standard arsenic solutions dissolve 100 mg. 
arsenic tnoxide powder in 5 ml. of 20 per cent NaOH, 
neutralize with dilute H*SO<, add 10 ml. excess acid and 
make up to 1000 ml. Prepare dilutions of this stock 
solution with dilute H,SO« so that 2 ml. contain 1, 2, 

3, 4 etc. Mg. AsjOi. These amounts will yield a series of 
stains of graduated length and intensity. 

2. Reinsch’s Test. This test Is eery much simpler, but not so delicate. It has 
the advantage of application in the presence of organic matter. e es is 
performed as follows: The urine, acidified with one-fifth Its volume o pure 
hydrochloric acid, is placed in a beaker. A piece of bright copper oi ree 
from arsenic is then introduced, and the urine is heated almost to t e oi 
Ing point. It is then set aside for six to eight hours. The arsen c s epos e 
on the copper foil, giving it a bluish-gray color. The foil is t en remove , 
washed successively in pure water, alcohol, ether, and drie w t ou ea . 
The foil is then rolled into a scroll and inserted into a 3-mm.-bore g s 
tube 4 inches long, about 1 inch from the end. The tube is t en e n 
Bunsen flame at an angle of 20 to 25 degrees, heat being app e w ® 1 ’® 
copper foil Is situated. The arsenic volatilizes and is oxi ze , an P 
as octahedral crystals of arsenic trioxide on the coo er par o ’ 

The crystals can readily be recognized by the microscope and sometimes 
with a simple magnifying lens. 

and Klaaanare A bl.nlt d.t.nmn.t.on ehould b. nut on 

in a senes For the precise quantitaUie deternuna ion cA*muI* 7th ed 

Sod loi llS micn2lo.il, . 1.00 oi « m "loch ll.c imco.c u concerted into 
bj elccmiW prepored » lollo.,. S.tur.lo filter pope, mth 5pcr rent elution 

ol J,",ucT,«nnd“u, alcohol alio, nut the paper ‘“l”"' 1 " 1 

Cut into strip* 2 5 nun X Idem nod store in . brot.it iU» bottle 


Fig 229 Gutzeit 
Arsenic Apparatus 
Courtesy, 4 II-Thoinaa 
Coiupan) , Philadelphia 
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MERCURY 

The rapidity of absorption of mercury depends upon a number of con- 
ditions such as mode of administration, the nature of the compound anu 
its physical state, the state and condition of the stomach and intestines, 
the quantity and quality of the food in the stomach, and the state of 
the circulation of the portal of entrance. There is no definite knowledge 
as to the form in which it is absorbed. Elimination depends upon the state 
of the excretory organs. It is eliminated in all the excretions of the body - 
urine, feces, saliva, sweat, tears, and milk. Elimination begins about two 
hours after introduction. Depending upon the amount introduced and ab- 
sorbed and the extent of renal injury, the time required for its complete 
elimination varies from 24 hours to many weeks. 

TESTS FOR MERCURY 

1. Reinxch's Text . The procedure is carried out in the same manner as for 
arsenic (see above). A piece of arsenic-free copper foil It introduced into the 
urine acidified with one-fifth its volume of pure hydrochloric acid. The 
urine is, however, not heated to boiling, but warmed to 50* C. or CO* C. and 
set aside for 12 or preferably 24 hours. Metallic mercury Is deposited on the 
foil as a bright lustrous mirror. The foil is then washed with pure water, 
alcohol, ether, and dried without heat, rolled into a scroll, inserted into a 
glass tube and heated in the same manner as under “Arsenic.” The mercury 
is deposited in the metallic state in the form of globules readily distinguish- 
able with the microscope. 

2. Amalgamation Test. A more rapid method than the above is by amalga- 
mation with zinc. Add 5 g. of zinc dust to the urine and heat for 15 min- 
utes, stirring continuously. Allow the amalgamated zinc to settle and decant 
the urine. Then wash by decantation several times with pure water, then 
with alcohol, and finally with ether and dry in air. S'ow introduce the dr >' 
zinc into a narrow dry glass tube sealed at one end. With the Bunsen burner 
soften the tube about 2 Inches above the zinc and constrict the tube by pull- 
ing the ends apart. Introduce a smaH bit of glass wool or asbestos sufficient 
to support a small piece of iodine. Introduce the iodine supported by the 
asbestos at the constriction. Apply heat to the zinc amalgam, and then 
gently to the region holding the iodine to gently volatilize it, and immedi- 
ately reapply heat to the zinc. The mercury volatilizes and, meeting the io- 
dine vapor, unites with it and is deposited as the red iodide of mercury. 

LEAD 

Lead may be found to the extent of 0.05 mg. or ho per liter In the urine 
of healthy individuals and may be estimated by the method of FairhalJ-** 
It is increased in lead poisoning. 

INOSITOL 

Inositol, C«Hc(OH)«, occasionally occurs in the urine in albuminuria* 
diabetes mellitus, and diabetes insipidus. It is claimed also that copious 


" *?* CA 7*-‘ Otoil. Aub, tabhall, Mini*. and Bssaukaff: 

ns. t, 1 U92*), Millet: J. BtU CAem., «. 263 (1&») -** ab*> Chapters 23 and 31- 
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water drinking causes this substance to appear in the urine For further 
discussion, sec Chap 35 

TEST FOR INOSITOL 

/ Detection of Inositol (Scherer) Acidify the urine with concentrated 
nitric acid and evaporate nearly to dryness Add a few drops of ammonium 
hydroxide and a little calcium chloride solution to the moist residue and 
evaporate the mixture to dryness In the presence of inositol (0 001 g ) a 
bright red color is obtained 

For a more satisfactory test, which, however, is more time-consuming, 
see Salkowshi’s” modification of Scherer’s test 

FAT 

When fat finds its way into the urine through a lesion which brings 
some portion of the urinary passages into communication with the lym- 
phatic system, a condition know n as chyluna is established The turbid or 
milky appearance of such urine is due to its content of chyle This disease 
is encountered most frequently m tropical countries, but is not entirely 
unknown m more temperate climates Albumin is a constant constituent 
of the urine in chyluna Upon shaking a chylous urine with ether, the fat 
is dissoh ed by the ether and the urine becomes less turbid or entirely clear 
Alimentary Ivpuna may occur following the ingestion of a large amount 
of fat 

MELANINS 

These pigments never occur normally in the urme, but are present 
under certain pathological conditions, their presence being especially asso- 
ciated with melanotic tumors Ordinarily the freshly passed urine is clear, 
but upon exposure to the air the color deepens and may at last be very 
dark brown or black m color The pigment is probably present m the 
form of a chromogen or melanogen, and upon coming into contact with 
the air oxidation occurs, causing the transformation of the melanogen 
into melanin and consequently the darkening of the unne 

It is claimed that melanuna is proof of the formation of a visceral mela- 
notic grow th In many instances, without doubt, urines rich in indie vn 
have been wrongly taken as diagnostic proof of melanuna The pigment 
melanin is sometimes mistaken for indigo and melanogen for mdican It 
is comparatively easy to differentiate between mdigo and melanin through 
the solubility of the former in cliloroform 

In rare cases melanin is found in unn iry sediment m the form of fine 
amorphous granules 

TESTS FOR MELANIN 

I Ferric Chloride Reaction (ion Jaksch Poliak) Add a few drops of ferric 
chloride solution to 10 ml of urine in a test tube and note the formation 
of a gray color Upon the further addition of the chloride a dark precipitate 
forms, consisting of phosphates and adhering melanin An ercess of ferric 
chloride causes the precipitate to dissolve 

This is the most satisfactory test for the identification of melanin in the 
urine 

,k Salkowski Z physiol Ch*m t>9 478 (1910) 
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1 Bromine Test {Zeller) To 50 ml o( urine In a small beaker add an equal 

volume ot bromine water In the presence of melanin a jdl°w P'^ pl 
will (orm and mil gradually darken In color, ultimately becoming black 


UROROSE1N 

Urorosem rs a unnary pigment which does not occur Prefonncd inthc 
urine, but is present in the form of a chromogen, which is transformed 
into the pigment upon treatment with a mineral acid Herter showed this 
chromogcn to V)c indoleacetic acid, 


-C CII. COOH 

JlcH 


Indoleacetic acid may be found in unne free or as a compound with 
glycine Normal urine responds to the urorosem reaction (see below) u 
nitrites are present Pathologically, a positive urorosem reaction is ob- 
tamed in a variety of diseases, such as pulmonary tuberculosis, typhoi 
fever, nephritis, stomach disorders, and pellagra The reaction m the 
urine of pellagra patients has attracted considerable interest because ol its 
possible metabolic and diagnostic significance ” 


TEST FOR UROROSEIN 

Nitrite Hydrochloric Acid Test ( Urorosem Reaction) To 10 ml of urine in a 
test tube add 2 ml of concentrated hydrochloric acid and a few drops of » 
1 per cent solution of potassium nitrite A rose red color indicates uro 
roscin The chromogen (indoleacetic acid) has been changed to urorosem 
by oxidation 

PORPHYRINS” 


Coproporphynn and uroporphyrin are present in small amount in nor 
mal unne Both are reddish pigments which may be increased m amount 
in pathological urine or after administration of quinine tetronal, trional, 
or sulfonal 
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The sedimentary constituents of the urine may be dnided into two 
classes, viz , organized and unorganized The sediment is collected by 
centrifuging the unne at low speed or by allowing it to stand for some 
time in a conical vessel 

I. UNORGANIZED SEDIMENTS 
The more common unorganized sediments consist of ammonium mag- 
nesium phosphate (“triple phosphate”), calcium oxalate, calcium phos- 
phate, unc acid, and sodium and ammonium urates Less common!) 
observed are calcium carbonate, calcium sulfate magnesium phosphate, 
cystine, leucine, tyrosine, hippunc acid, bilirubin, indigo, xanthine, and 
melanin 

The separation as sediments depends upon the degree of saturation of 
the unne for these substances, which in turn is influenced by the reaction 
of the unne Unc acid most commonly separates out from strongly acid 
unnes, sodium urate from less acid unnes Calcium phosphate comes out 
most commonly in urines more alkaline than pH G, while calcium oxalate 
is found in acid, alkaline, and neutral unnes All of these substances are 
found as bediments in normal unnes, and the majonty of normal urines 
show one or more of these separating out on standing Ammonium mag 
nesium phosphate, ammonium urate, and calcium carbonate precipitate 
from unnes which have undergone ammonjacal fermentation due to an 
infection m the unnary tract, and which are hence alkaline m reaction 
Maslow studied the sediments forming on long standing in carefully 
preserved specimens of the unnes of normal young men Sediments were 
found in 93 per cent of the unnes Lnc acid was found in 17 per cent of 
cases at an a\ erage pH of o 5 and sodium urate m a similar number of 
cases at an average pH of 5 8 Calcium phosphate was found in 46 per 
cent of coses with an average pH of 6 2 and calcium oxalate was found m 
71 per cent of cases and at all reactions 

Ammonium Magnesium Phosphate ( Triple Phosphate") Crystalsof triple 
phosphate arc a characteristic constituent of the sediment when alkaline fennenta 
tion of the unne has taken place either before or after being voided They may e ' eo 
be detected in neutral or slightly acid unne provided the ammonium salts arc present 
in large enough quantity This substance may occur m the sediment in two forms 
%iz prisms and the featl erj type The prismatic form of crystals is the one most 
commonly observed in the sediment the feathery form pre dominates when the unne 
is made ammomacal with ammonia (see Fig. 220) 

&>4 
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The sediment of the urine m such disorders as are accompanied by a retention 
of urme in the lower urinary tract contains ‘triple phosphate” crjstals as a charac- 
teristic constituent The crjstals are frequently abundant m the sediment during 
paraplegia, chronic cystitis, enlarged prostate, and chronic pj ehtis 

Calcium Oxalate. Calcium oxalate is found in the urme in the form of at least 
two distinct types of crystals, viz, the dumbbell and “octahedral” types 1 (Fig 
230) Either form may occur in the sediment of neutral, alkaline, or acid urme, but 
both forms are found most frequently m urme having an acid reaction Occasionally, 
in alkaline urme, the octahedral form is confounded with “triple phosphate” crjstals 
They may be differentiated from the phosphate crystals by the fact that they are 
insoluble m acetic acid 

The presence of calcium oxalate in the urme is not of itself a sign of any abnormalitj , 
smee it is a constituent of normal urme However variations from the normal occur m 
certain pathological conditions e g parathyroid derangement, urinary calculi, etc 



Fig 230 Calcium Oxalate (Ogden) 

Calcium Carbonate Calcium carbonate crystals form a typical constituent of the 
urine of herbivorous animals They occur leas frequently in human urme The reac- 
tion of urine containing these crystals is nearly always alkaline, although they may 
occur in neutral or m slightly acid urine It generally crystallizes in the form of 
granules spherules, or dumbbells (Fig 231) The crystals of calcium carbonate may 
be differentiated from calcium oxalate by the fact that they dissolve m acetic acid 
with the cv olution of carbon dioxide gas 

Calcium Phosphate (Stellar Phosphate). Calcium phosphate may occur m the 
urme in three forms, viz , amorphous granular, or cry staUine The crystals of calcium 
phosphate are ordinarily pointed, wedge-shaped formations which may occur as 
individual crystals or grouped together in more or less regularly formed rosettes 
(see Fig 64) Acid sodium urate crjstals (Fig 233) are often mistaken for crjstals 
of calcium phosphate We may differentiate between these two crystalline forms by 
the fact that acetic acid will readdy dissolve the phosphate, whereas the urate is much 
less soluble and when it is finally brought into solution and recry atalhzcd, one is 
frequently enabled to identify uric acid crystals which have been formed from the 


*Tlie so-cjlled octahedral typo is strictly speaking a flat, tetragonal dipyramid identical 
with the mineral weddehte whereas the dumbbell shaped spherulite aggregates correspond 
to whewcllite (Plulhpsbom Arzlhchc ForecA , 9. 391 (1953)) 
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icid urate aolution The clinical a.yuBcance of tlie occumncc of calcium j, topfull 
crystals in the urinary sediment is similar to that of triple phosphate (see p J 
Calcium Sulfate Crystals of calcium sulfate are of quite rare occurrence in tn 
sediment of unne Their presence seems to he limited in general to urines which arc 
of a decided acid reaction Ordinarily it crystallizes in the form of long, thin, colorless 




Fig 232 Vabiocs tonus of Ubic Acid 
/, Rhombic plates 2 whetstone forms 3, 3 quadrate forms, 

U, S, prolonged into points 6 8 rosettes 7 pointed bundles, 9, 
band forms precipitated by adding hydrochloric acid to unne 

needles or prisms (Fig. 225) which may be mistaken for calcium phosphate crystals. 
There need be no confusion m this respect however, since the sulfate crystals are 
insoluble in acetic acid which reagent readily dissolves the phosphate Vs far as is 
known, their occurrence as a constituent of unnary sediment is of very hide clinical 
significance 
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Uric Acid. Uric acid forma a very common constituent of the sediment of urines 
which are acid in reaction It occurs in more -varied forma than any of the other 
crystalline sediments (see Fig 232), some of the more common varieties of crystals 
being rhombic prisms wedges, dumbbells, whetstones, prismatic rosettes, irregular or 
hexagonal plates, etc Crystals of pure uric acid are always colorless (see Fig 220), but 
the form occurring in urinary sediments is impure and under the microscope appears 
pigmented, the depth of color -varying from yellow to a dark reddish brown according 
to the size and form of the ciystal 

The presence of a considerable uric acid sediment does not, of necessity, indicate 
a pathological condition or a urine of increased uric acid content, since this substance 
very often occurs as a sediment in urines whose uric acid content is diminished from 
the normal merely as a result of changes m reaction etc Pathologically, uric acid 
sediments occur in gout, acute febrile conditions, chronic interstitial nephritis, etc 
If the microscopical examination is not conclusive, uric acid may be differentiated 



from other crystalline urmnry sediments from the fact that it is soluble in alkalies, 
alkali carbonates, boiling gly ccrol, concentrated sulfuric acid, and m certain organic 
bases such as cthylamme and piperidme It also responds to the murexide test, Schiff's 
reaction, and to Folin’s pho^photungstic acid reaction (see p 797) 

urates The urate sediment may consist of a mixture of the urates of ammonium, 
calcium, magnesium, potassium, and sodium The ammonium urate may occur in 
neutral, alkaline, or acid unne, w hi teas the other forms of urates are confined to the 
sediments of acid urines Sodium urate occurs in sediments more abundantly than 
the other urates There are two sodium urates, the mono- and the di-, which may be 
expressed thus 


Na + 

\;*H,N40r 


and 


The -so-called quadnurate or henuurite have no existence as chemical units 'ihe 
urates of caluura, magnesium and potassium are amorphous in character, whereas 
the urate of ammonium is crjst dime Sodium urate maj be either amorphous or 
crj stallino When crystalline it forms groups of fan-shaped clusters or colorless, 
prismatic needles (Fig 233) Ammonium urate is ordinarily present in the sediment 
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m the burrlike tone ol the thorn apple «y.l»l > e yellou or reddish brown rpherM 
covered with .harp sp.culee or proms (1 ,g 234) The urates arc all » «Uo lu . hjtee 
chloric acd or acetic acid and their acid solutions J.cld crystaU ol uric acid upon 
standing They also respond to the murende test The clinical significance ol urate 
sediments is very similar to that o( une acid A considerable sediment ol amorphou 
urates docs not necessarily indicate a high uric acid content, hut ordinarily sigm ca 
concentrated urine having a very strong acidity 

Cystine Cystine is one of the rarer of the crystalline urinary sediments H nas 
been claimed that it occurs more often in the urine of men than of women Cystine 
crystallizes in the form of thin colorless hexagonal plates (see Fig 45), «h»ch ar 
insoluble in water, alcohol and acetic acid and soluble in mineral acids alkalies an 
especially in ammonia Cystine may be identified by burning it upon platinum 01 



Fio 234 Amuovicm Urates Showing Spherules and 
Thorn Apple-Shaped Crystals (After Peter.) 


under which condition it does not melt but yields a bluish green flame For the 
preparation of cystine see p 140 

Cholesterol Cholesterol crystals have been but rarely detected m urinary sedi 
ments When present they probably arise from a pathological condition of some 
portion of the unnary tract Crystals of cholesterol have been found in the sediment 
in cystitis pyelitis chyluna and nephritis Ordinarily they occur as large regular 
and irregular colorless transparent plates some of which possess notched corners 
(see Fig 101) Frequently instead of occurring in the sediment cholesterol is found 
m a film on the surface of the urine 

Illppuric Acid This is one of the rare sediments of human urine It deposits under 
conditions similar to those which govern the formation of unc acid sediments The 
crjstals which are colorless needles or prisms (see Fig 223) when pure are invariably 
pigmented in a manner 6umlar to the uric acid cry stals when observed in unnary sedi 
ment and because of this fact are frequently confounded w ith the rarer forms of uric 
acid Ihppunc acid may be differentiated from unc acid from the fact that it docs not 
respond to the murcxidc test and is much more soluble m water and in ether The 
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detection of crystals of hippuric acid m the urine has very little clinical significance, 
since its presence in the sediment depends in most instances v cry greatly upon the 
nature of the diet It is particularly prone to occur in the sediment after the ingestion 
of certain fruits as w ell ns after the ingestion of benzoic acid (see p 804) 

Leucine and Tyrosine Leucine and tyrosine have frequently been detected in 
the urine, either in solution or as a sediment Is either of them occurs in the urine 
ordinarily except in association with the 
others, l e , whenever leucine is detected it is 
more than probable that tyrosine accompanies 
it They have been found pathologically in the 
urine in acute yellow atrophy of the liver in 
acute phosphorus poisoning, m cirrhosis of the 
h\er, in severe cases of typhoid fever and 
smallpox, and in leukemia In urinary sedi 
ments leucine ordinarily crystallizes m charac- 
teristic spherical masses which show both 
radial and concentric striations and arc highly 
rcfractiv e (Fig 235) Some investigators claim 
that these crystals which are ordinarily called 
leucine are, in reality, generally urates For 
the crystalline form of pure leucine obtained as a decomposition product of protein 
see Fig 42 Tyrosine crystallizes in urinary sediments m the w ell known sheaf or tuft 
formation (Fig 44) For other tests on leucine and tyrosine see pp 135 and 138 

Bilirubin Bilirubin crystallizes in the form of tufts of small needles or m the form 
of small plates which are ordinarily yellowish red m color (F lg 100) Pathologically, 
typical crystal* of bilirubin hav e been found m the urinary sediment in jaundice acute 
yellow atrophy of the liver, carcinoma of the liver, cirrhosis of the liver, and in phos- 
phorus poisoning, typhoid fever, and scarlatina 

Magnesium Phosphate Magnesium phosphate crystals occur rather infrequently 
in the sediment of urine which is neutral alkaline or feebly acid in reaction It ordi- 
narily crystallizes m elongated, highly refractive rhombic plates which are soluble in 
acetic acid 

Indigo Indigo cry stals are frequently found in urine which has undergone alkaline 
fetMVCQtwtvow They result, from the breaking down of indoxyl sulfates or mdoxy 5 
glycuronates Ordinarily mdigo deposits as dark blue stellate needles or occurs as 
amorphous particles or broken fragments These crystalline or amorphous forms may 
occur in the Sediment or may form a blue film on the surface of the unne Indigo 
crystals generally occur in urine which is alkaline m reaction, but they' have been 
detected in acid urine 

Xanthine. Xanthine is a constituent of normal urine but is found in the sediment 
in crystalline form very infrequently, and then only in pathological urine When 
present in the sediment xanthine generally occurs m the form of whetstone-shaped 
crystals somewhat swnlarm form to the whetstone variety of uric acid crystal They 
may be differentiated from uric acid by the great ease with w hich they may be brought 
into solution in dilute ammonia and on apply mg heat Xanthine may also form urinary 
calculi The significance of xanthine in urinary sediment is not well understood 

Melanin. Melanin is an extremely rare constituent of urinary sediments Ordinarily 
in melanuna the melanin remains in solution, if it separates it is generally held in 
suspension as fine amorphous granules 

Sulfonamides Uter administration of the sulfonamides (see p 657 for discussion 
of chemical nature) crystalline deposits of the free drug or of its accty lated dertv ativ e 
may be found in the urine Sulfonamide crystals may be recognized by their charac- 
teristic appearance (Iig 23t») If the crystals form in the renal tubule3 during the 
formation of urine kidney damage accompanied by hematuria may result Smce the 



Fig 235 Crist \ls of Impure 
Leucine (Ogden) 
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II. ORGANIZED SEDIMENTS 

Among the more important organized sediments are casts of different type®» 
;pithelial cells pus cells erythroc>tes and microorganisms Cj hndroids spermato- 
zoa urethral filaments tissue debns animal parasites fibrin and foreign substances 
due to contamination are also observed For-dt tailed discussions of these organized 
sediments see books on clinical diagnosis or clinical pathology 

CALCULI 

Urinary calculi, also called concretions or concrements, are solid rnasse3 
of unnarj sediment formed in some part of the urinary tract They 
in shape and size according to their location, the smaller calculi, termed 
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sand or gravel, in general arising from the kidney or the pelvic portion of 
the kidney, whereas the large calculi are ordinarily formed in the bladder. 
The condition in which calculi are formed in the human body is termed 
lithiasis. Very large stones may also form in the kidney. One of these, the 
so-called staghorn stone, may fill the entire central portion of the kidney. 
There are two general classes of calculi as regards composition, viz., 
simple and compound. The simple form is made up of but a single con- 
stituent, whereas the compound type contains two or more individual 
constituents. The structural plan of most calculi consists of an arrange- 
ment of concentric rings about a central nucleus, the number of rings 
frequently being dependent upon the number of individual constituents 
which enter into the structure of the calculus. However, layers quite differ- 
ent in macroscopical appearance may be almost identical in composition. 

In India and China urinary calculi are most frequently found in chil- 
dren. Up to the middle of the nineteenth century this was true for Europq 
and America also. But with improvement in diet of more recent years, 
vesical calculus in children has become rare in this country and is now 
primarily a disease of old age, more than half of persons admitted for 
operation being between the ages of 50 and 70. Calculi have been found 
in Egyptian tombs dating as far back as 4800 b.c. 

The etiology of stone in man is still obscure. In rats urinary lithiasis 
can be regularly produced by diets low in vitamin A. It may be secondary 
to the epithelial degeneration in the urinary bladder which occurs in 
vitamin-A deficiency. The calculi contain ammonium magnesium phos- 
phate, calcium carbonate, and calcium hydroxide. The greater frequency 
of lithiasis in earlier times and the prevalence of stone in children in the 
Orient may very probably be related to dietary deficiency. Whether vita- 
min A or other dietary deficiency bears any important relationship to the 
etiology of calculus disease in this country at the present time is uncertain. 

Urinary calculi have frequently been noted in patients with a variety 
of bone disorders. In certain, of these, associated with hyperparathyroid- 
ism, the calculus formation may be related to the markedly increased 
excretion of calcium in the urine. Immobilization of the patient may also 
be a factor. 

Stone formation appears often to be secondary to infection in the uri- 
nary tract. Clumps of bacteria and epithelial and pus cells may act as 
foreign-body nuclei for stone formation and the alkaline fermentation 
frequently associated with infection is favorable to the precipitation of 
calcium and ammonium magnesium phosphates, w’hich are the most 
common constituents of secondary calculi. The majority of stones appear, 
however, to arise in aseptic urines. That stone formation is not commonly 
due to any metabolic defect is indicated by the fact that most stones are 
not composed of any one substance but arc of a mixed type. 

Attempts have been made to account for the greater solubility of uric 
acid and other substances in the urine than in pure water, on the basis of 
the presence, in the urine, of protective colloids which hinder precipita- 
tion. According to this view stone formation may occur when this colloid 
is altered or diminished in quantity. In support of this view it is stated 
that tlic crystal form of calcium oxalate in calculi is not that noted to 
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form in pure solutions but is similar to that produced «hcn pnxupitation 
occurs ill colloidal solutions It is possible that precipitation of colloidal 
material with the crystalloids does conduce to the formation of a con 
crement rather than a mere precipitate of the latter , 

According to the investigation of Meyer however, the growth o a 
concrement depends solely on the degree of saturation of the urine or 
crj stalline constituents and buch precipitation of the crystalline con 
stituents occurs m just the same way in urine as in pure aqueous salt faoiu 
tions In determining the nature of the sediment or calculus formed tn 
pH is a controlling factor Lnc acid tends to precipitate out of norma 
urines of average composition when the acidity becomes high (in t c 
neighborhood of pH o) Yt pH 6 mixed calculi of uric acid sodium urate 
and calcium oxalate and phosphate will tend to form Yt pH 7 calcium 
phosphate calculi would tend to form and between pH 7 and 8 with the 
urine ammoniac il mixed calculi of calcium phosphate magnesium am 
mutuum phosphate and ammonium urate may form which may be firm 
if precipitation occurs slowly Yt pH values above 8 the rapid precipi 
tati in would tend to produce soft stones containing calcium carbonate 


ammonium magnesium phosphate and ammonium urate 

Yside from the question of protective colloids certain of the stone- 
forming constituents may under certajn conditions themselves exist m 
part in colloidal silution Thus Ilammarsten found that lithium anu 
potassium urates gave true solutions at 37° Sodium and ammonium 
ur ites in saturated solution are present partly in colloidal form Yt the 
average chloride concentration of the urine the solubility products of the 
latter may be increased 300 per cent L rates and uric acid in the presence 
of chlorides thus hav e a strong tendency to form supersaturated solutions 
Yccording to Stillman 1 out of a 10 urinary calculi submitted for routine 
examination over a period of five to six >ears at the New York Hospital 
about 1 1 i>cr cent consisted largclj of calcium carbonate calcium phos- 
phate or topic phosphate either alone or in mixture about 40 per cent 
were largely calcium oxalate with borne instances of admixture with phos- 


phate and carl onate and about (> per tent were largely uric acid Cjotmc 
c ilcull occurred to the extent of 0 8 per < cut I hose examinations refer to 
the principal constituent of the calculus no attempt was made to isolate 
a nucleus and analyse it Lltzmann has reported that in o4o casts of un 
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Butt, Hauser, and Seiftcr* have proposed a therapy for renal lithiasis 
which embraces a pronounced increase in the urinary protective colloids 
through the subcutaneous injection of hyaluronidase m isotonic sodium 
chloride solution (see “Connective Tissue,” p 243) 

VARIETIES OF CALCULI 

Uric Acid and Urate Calculi Unc acid and urates constitute the nuclei of a large 
proportion of unnary concretions but stones which consist chiefly of unc acid or 
urates are found in less than 1 out of 10 cases Such stones are always colored the tint 
\ar> ing from a pale yellow to a brownish red The surface of such calculi is generally 
smooth but it may be rough and uneven 

Phosphatic Calculi Ordinarily these concretions consist principally of triple 
phosphate and other phosphates of the alkaline earths w ith very frequent admixtures 
of urates and oxalates The surface of such calculi is generally rough but may occa 
siou ally be rather smooth The calculi are somewhat variable m color exhibiting gray 
white or yellow tints under different conditions When composed of earthy phosphates 
the calculi are characterized by their friability 

Calcium Oxalate Calculi These calculi arc quite hard and are rather difficult to 
crush They ordinarily occur in tw o general forms viz the small smooth concretion 
which is characterized as the hemp-seed calculus and the medium-sized or large 
stone possessing an extremely uneven surface which is generally classed as a mulberry 
calculus This roughened surface of the latter form of calculus is due in many in 
stances to protruding calcium oxalate crystals of the octahedral type 

Calcium Carbonate Calculi Calcium carbonate concretions are quite common 
in herbivorous animals, but are of exceedingly rare occurrence in man They are gen 
erally small white or grayish calculi spherical m form and possess a hard smooth 
surface These considerations apply to stones consisting largely if not entirely of cal 
cium carbonate Mixed calculi which contain smaller but readily demonstrable 
amounts of calcium carbonate are rather common m man 

Cystine Calculi Cystme calculi are of very rare occurrence the incidence being 
us lally less than 1 per cent Ordinarily they occur as small smooth oval or cylindrical 
concretions which are white or yellow in color and of a rather soft consistency 

Xanthine Calculi This form of calculus is somewhat more rare than the cystme 
type The color may vary from white to brownish yellow Very often unc acid and 
urates ore associated with xanthine in this type of calculus Upon rubbing a xanthine 
calculus it has the property of assuming a waxlikc appearance 

Urotteallth Calculi This form of calculus is extremely rare Such concretions are 
composed principally of fat and fatty acid When moist they are soft and elastic but 
when dried they become brittle Lrostealiths arc generally light m color 

Fibrin Calculi Fibrin calculi are produced in the process of Hood coagulation 
within the unnary tract They frequently occur as nuclei of other forma of calculus 
They arc rarely found 

Cholesterol Calculi This is an extremely rare form of calculus somewhat rewm 
I ling the cj stine type 

Indigo Calculi In hgo calculi arc extremely rare 

Tl c scheme proponed by llellcr and given on p 8G3 w ill be found or much assistance 
in the chemical examination of urinary calculi 
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Urine: Quantitative Analysis 


In analyzing a normal or pathological unne quanUtabvely for any^of 
its constituents, it is particularly necessary that the land 

24-hour sample be obtained For directions i with regard to the collec 
and presen ation of unne for analysis, see Chapter 27 G “ er “* G na _ 
tenstics of Normal and Pathological brine ” Methods for the determiM 
tion of the specific gravity of the uruie are also there descnbed 
any unne is taken for analysis its total volume should be measured, us t, 
a large graduated cylinder, and this volume is thereafter taken as :> >> 
for the calculations of the daily output of the individual constitu 
determined 

PREPARATION OF STANDARD ACID 
AND ALKALI SOLUTIONS 

Principle. Many of the quantitative methods used in physiologic^ 
chemistry are \olumetnc or titration procedures For these met 
solutions of accurately known strength called standard solutions 
needed Their strength is usually expressed in terms of normality 
normal solution is one which in 1000 ml contains 1 g of replacea 
h\ drogen or its equiv alcnt Thus, to make 1000 ml of a normal solu 
of hydrochloric acid (HC1), we would need 36 5 g of this acid containing 
1 g of replaceable hy drogen This we den\ e from the fact that the atomi 
weight of Cl is 35 5 and of H is 1, so that the molecular weight of Hd = 
36 5, and each 36 5 g of this acid contains 1 g of replaceable by drogen 
Sulfunc acid (H-SO«) has a molecular weight of 2 + 32 -f 64 — 

93 g of sulfunc acid contains 2 g of replaceable hy drogen Therefore, 
prepare a normal solution of this acid, we must use one-half of 98 or ■* 8 
of sulfunc acid (containing 1 g of hydrogen) for 1000 ml of n ®” n # 
solution. Oxalic acid (IIiC*0* + 211*0) has a molecular weight 

0 -4- 24 4- G4 4- 36 = 12G It also is a dibasic acid so we must u»e on y 
one-half of 126 or 63 g of oxalic acid in making a liter of normal solution 

V normal alkali solution is exactly equivalent to a normal acid solution, 

1 e , 1 liter of the alkali will neutralize 1 liter of the acid According to 
reaction of neutralization, therefore, the 36 5 g of HC1 in a liter of t u 
normal acid will require 10 0 g of sodium hydroxide to neutralize it, an 
1 liter of normal sodium by droxide must contain 10 0 g of the alkali 

HC1 + \aOII \aCl 4- 11*0 
(36 5) (10 0) (58 5) (18) 

' *«w> l»U* <<l Uiiaar »ci*t U \p[«u<lit 

SCO 
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Ha\mg prepared solutions of acid and alkali of definitely know n 
strength, it is then possible to determine the strength of any unknown acid 
or alkali by finding out much much of these standard solutions is required 
to neutralize a definite volume of the unknown solution 

In order to tell when the unknown solution has been exactly neutralized, 
we titrate in the presence of a small amount of one of a class of substances 
called indicators An indicator is a substance which undergoes a sharp 
color change at a particular range of hydrogen-ion concentration, and 
this color change indicates the end-point of the titration 

When strong acids (as HC1) are being titrated with stroug alkalies (as 
NaOH), almost any one of the common indicators is satisfactory. If weak 
acids (acetic acid) or weak bases (as ammonia) are being titrated, it is 
necessary to be n ery careful m the choice of an indicator as all indicators 
are not equally satisfactory in these instances 2 (See p 39 ) 

Preparation of 0.1 N Oxalic Acid Solution. Weigh accurately a watch glass or 
a piece of glazed paper. Then add to the weights on the balance pan 3.1512 
g. With a spatula transfer to the watch glass enough pure oxalic acid in the 
form of clear crystals to counterbalance exactly the weights in the opposite 
pan Transfer completely to a 250-ml. beaker, using a little water for rinsing 
purposes Add about 150 ml. of distilled water and stir with a glass rod until 
dissolved, warming gently if necessary Transfer every particle of this solu- 
tion to a clean 500-ml volumetric flask, rinsing rod and beaker several times 
with distilled water Hold under the tap until cooled to room temperature. 
Then add distilled water until the bottom of the meniscus Is lerel with the 
mark on the neck of the flask (the lower mark if there are two) Insert a 
stopper and mix thoroughly by inverting the flask again and again. Transfer 
to a clean dry bottle Label. This solution will not keep indefinitely and is 
to be used only in the standardization of 0 1 N alkali. 

Preparation of 0 l N Sodium Hydroxide Solution. 

(a) Preparation of Concentrated Carbonate free Sodium Hydroxide Solu- 
tiov Shake up about 110 g. of best guality NaOH with 100 ml of distilled 
water in a 300-ml. Erlenmeyer flask (pyrex) to make a saturated solution. 
Stopper and allow to stand for a coupie of days or until the sodium carbonate 
settles to the bottom, leaving a clear solution of NaOH practically free from 
carbonate 

(b) Preparation of a Standard Sodium Hydroxide Solution Measure out 6 3 
ml. of the saturated NaOH solution from a buret into a 1-liter flask. Add 750 
ml. of distilled water and mix thoroughly. Clean a buret by allowing it to 
stand filled with cleaning mixture (sodium dichromate and sulfuric acid) 
for a few minutes or longer if necessary. Empty, rinse several times with tap 
water, finally with distilled water, and allow to drain. Introduce a few ml. 
of the NaOH solution, and invert a couple of times to rinse the buret, dis- 
carding this NaOH. Repeat this process at least twice more. Then fill the 
buret with the alkali solution, making sure that the tip contains no air bub- 
bles, and run out solution until the bottom of the meniscus is exactly at 0. 

Into a clean Erlenmeyer flask (150 to 250 ml ) now introduce 25 ml. of 0 1 N 
oxalic acid solution measured from an accurate, clean pipet, previously 
rinsed by means of a little of the acid solution drawn up into it. Allow the 
Pipet to drain about 15 seconds against the side of the flask. Add 2 to 3 drops 
of a 1 per cent alcoholic solution of phenolphthaleln. 

1 For further consideration of indicators seo pp 3S and 378 
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.» run In NaOII .elution (com the buret, rotating the Bask. Ten 1 
.. „ be adJefi quite rapidly, then add more .lowly, and finally 
until the last drop change, the color ot the eolation permanently throng 
out to a definite pink. Take the buret readlnfi e.tlmatlng a. cloeely a. P 
sible to the second decimal place. Repeat the titration until l»o close y 
agreeing duplicate readings are obtained, then average the two readings 

^Calculate the strength ot the NaOll solution. Divide 25 (the nu “^“ ' JjJ 
ml. of 0.1 N oxalic acid used) by the buret reading to obtain the stre ft 
of the NaOll in terms of 0.1 N solution. Then multiply by 0.1 to <> bta,n 1 - 
normality. For example, if 15.67 ml. were required: 25 t 15.67 - *• * 

1.595 X 0.1 = 0.1595 N. . u n f the 

(c) Preparation or the 0 1 N NaOII Solution Calculate how much , of 
standard NaOll solution just prepared will be required to make 1 «* ( * 

0.1 N solution. To do this divide 1000 ml. by the strength of the NaO‘* ^ 
terms of 0.1 N solution. Thus in the example cited above: 1000 -r 1,5 , . 
626.9 ml. required. Measure out the exact amount of alkali required (u» * 
the buret, plpet, and volumetric flasks) into a 1000-mi. flask. Dilute w 
distilled water exactly to the mark. Mix very thoroughly and transfer to 
clean, dry bottle with a rubber (not glass) stopper. Check the strengt 
the solution by again titrating 25-ml. portions of oxalic acid solution. 


Preparation of 0.1 N Hydrochloric Acid. Concentrated hydrochloric WM* 
about 12 N or 44 per cent HC1 weight in volume. Approximately 0.1 N »* 
may, therefore, be prepared by diluting 9 ml. of the concentrated acid 
1 liter in a volumetric flask. This must be standardized by titration w» 
0.1 N alkali, using alizarin red or methyl red as an indicator. . 

Or Introduce into a 1-Uter flask 12 ml. of concentrated IIC1 and 750 ml* ® 
distilled water. Mix well and titrate 10, 15, or 25 ml. portions of the ac 
solution with 0.1 N NaOll, using alizarin as an indicator. Dividing the nun* 
ber of ml. of 0.1 N NaOII required by the number of ml of acid used gives t « 
strength of the liCl in terms of 0.1 N solution. Dividing 1000 by this quotieO 
gives the number of ml. of IIC1 solution to be measured Into a volumetr 
flask and made up to 1000 ml. 

This diluted solution will be 0.1 N IIC1 It should be mixed thoroug ^ 
and 25-ml. portions of it checked by titration with the 0.1 N NaOII. 4 


Standard acid and alkali solutions are best kept in paraffin-lined bottles 
The acid solution is the more permanent of the two; and standard sulfuric 
acid solutions are more permanent than hydrochloric acid solutions 
Alkali solutions must be protected from the carbomc acid of the air, the 
solution being best drawn over into the buret by means of a siphon tube 
leading from the top of the buret to the interior of the alkali bottle The 


* If a very high degree of accuracy is dew red, the alkali may be checked against pure ac 
potassium phthalate (mol wt 204 139) Dodge J Ind Eng Chem 7, 29 (1915) » •* A 
CKem. Sot , 42 , 1655 (1920) 

* The acid solution mi) be standardized directly ui the following manner Introduce * 
platinum dish containing very pure sodium bicarbonate or the highest grade anb> dro 
sodium carbonate into a hot-air oven previously heated to 200“ C Raise the tcmp« rotu V 
to 270“ to 280". but not aboce 300" C Heat for half an hour allow to cool in a desiccator 
but while still a little warm, transfer to a glass-stoppered weighing bottle Weigh oa 
rapidly 0 1- to 0 2-g. portions of the sodium carbonate, dissolve in about 50 ml 

in an Erlenme>er flask, and titrate, using methjl orange a a an indicator One hu»dre« 
mL of 0 1 N' acid is equivalent to 0.530 g. of dried sodium carbonate 
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air inlet through the stopper of the bottle should be guaided by a tilth 
con taming soda lime 03 

pit 

Preparation of Standard Hydrochloric Acid from a Constant Boiling Solu- 
tion ( Method of Hulctt and Bonner) Procedure Make up by hydrometer 
about 200 ml of HC1 of specific gravity about J 10 Distil off about three- 
fourths of the liquid and discard Then collect about 25 ml of the constant- 
boiling distillate Weigh 18 017 g of distillate using a capillary plpet for final 
adjustment (or measure out 16 442 ml at 25° C ) Dilute to 1 liter This is a 
0 1 N solution of HC1 The figures given are for a barometric pressure of 760 
mm At 770 mm use 18 039 g , at 750 mm use 17 996 g , at 740 mm use 
17 975 g and at 730 mm use 17 953 g The composition of the distillate should 
not vary more than 1 part m 10,000 from the figures given 

TITRATABLE ACIDITY OF URINE 
Introduction. The titratable acidity of the urine, as determined by 
the Tohn method described here, is expressed in terms of the amount of 
standard alkali necessary to bring the urine from its original pH to the 
phenolphthalein end point, around pH 8 5 or 9 In normal urme, the 
“acid” titrated consists almost entirely of the acid phosphate ion, 
HjPO^, the reaction being as follows 

H 2 P07 4- OH = HP07 + H 2 0 

Small amounts of titratable acidity may be contributed normally by acid 
organic salts (acid urate, acid oxalate, etc ) In certain conditions such as 
severe ketosis significant amounts of free 0 hydroxy butyric acid, for 
example, may be present in the urine and contribute to the titratable 
acidity In general, however, monobasic organic acids are found in the 
urine largely if not entirely as their salts, and m this form contribute 
little or nothing to the total titratable acidity To ev aluate the significance 
of the excretion of organic acids on acid base balance, they may be 
determined as such (see “Determination of Organic \cids,” p 871) or the 
urinary ammonia content determined as an index of base replacement 
(see p 888) 

The Tolm method is theoretically unsound as an exact measure of 
acid excretion relativ e to the normal acid base balance m the body, and 
cannot be used for such purposes V more accurate picture is obtained 
if the urme is titrated back to the pH of the blood (pH 7 4) rather than 
to pH 9, since it is the difference between the pH of blood and urine 
which reflects the excretion of acid or base in excess of the amounts 
normally required for acid base balance A method for determining 
titratable acidity by titrating urine to pH 7 4 against a color standard is 
described by Henderson and Palmer, 6 a pH meter may also be used In 
the Tolm method, urines even more alkaline than the blood may show a 
positive “titratable acidity,” the quantitatnc significance of which is 
obscure Despite these limitations, the method is simple and has been 
widely used, especially for comparative purposes and in conjunction with 


Henderson and Pali ier J Btol Chem. 17 305 (1014) 



870 


Practical 1’uysiolck ical Chlwistry 


Chap 31 


the determination of urinary ammonia as an aid in estimating the se\ enty 
of acidosis, as described by Fitz and Van Sl> he u 

Folm’s Method. Principle . The urine is titrated with standard sodmm hydroxide 
solution, using phenolphthak in as an indicator l’otassium oxalate ^^^ P the 
cipitate the calcium which would otherwise interfere with the end point due w 
precipitation of calcium phosphate on neutralization of the unne 

Procedure. Place 25 ml. of urine In a 200-ml. Erlenmeyer fla.k ant *di> 
grams of finely pulverized potassium oxalate and 1 to 2 drops of a 1 P e 
phenolphthaleln solution to the Quid. Shake the mixture vigorously o 
1 to 2 minutes and titrate it immediately with 0.1 N sodium hydr 
until a faint but unmistakable pink remains permanent on further s 
Ing For more accurate results, particularly with deeply colored ur * 
compare during the titration against a control sample of urine plus oxa a * 
until there Is a distinct difference in color in the titrated sample. The co 
trol sample may then be used for a duplicate estimation, titrating 
color match against the first sample. Take the buret reading and calcu 
the tltratable acidity of the urine under examination. , 

Calculation If y represents the number of milliliters of 0 1 N sodium h> dm” ^ 
used and y' represents the volume of unne excreted in 24 hours, the total aci 1 7 
the 24-hour unne specimen (z) may be calculated by means of the follow mg propo 
tion 


25/y “ yVx (titrat&ble acidity of 24-hour urine expressed in ml of 0 1 NaOH) 

Interpretation.* The titratable acidity of the urine, expressed * n ***l 
of 0 1 N alkali required to neutralize the 24-hour output by the metn 
described, vanes ordinarily from 200 to 500 under normal conditions wi 
an average of perhaps 350 It is dependent almost entirely upon the die , 
being low on a vegetable (base-forming) diet and high on a diet containing 
much meat, milk, cheese, nee, whole wheat products, etc (acid-form 1 S 
foods) On the administration of 15 g of sodium bicarbonate it may 8° 
down to 100, the ingestion of much acid-forming food may increase it 
GOO In fasting it may nse in a few days to 800 Acidities of less than 2 o 
usually indicate a true alkalinity of the unne inasmuch as phenolphthalei 
changes at a pH significantly more alkaline than that of the blood, a 3 
discussed above Samples of unne collected shortly after a meal may he 
alkaline due to the so-called “alkaline tide ” 

Bacterial decomposition of the urea of the unne occurnng m the 
unnary tract will increase the amount of ammoma and decrease the 
acidity of the unne The same change usually occurs in unne left m con- 
tact with the air The acidity of the unne is increased in acidosis ana 
cardiorenal and certain other disorders The acidity of the unne may be 
somewhat increased by administration of mineral acids, acid phosphates, 




»F»tx and Van felyke J Bid Chem 30.389(1917) Van Sly ke J Bid Chem 
(1918) Barnett J Bid Chem 33 207 (1918) ^ 

« Under the heading Interpretation there wdl be found, in connection with the v*"® 
quantitative method, which follow brief notes as to the possible significance of tho«*™ 
obtained >or further discussion see Chapters 27 33 and 34 General references W" J 
found listed at the end of the chapter particularly with reference to clinical aspects. 
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or ammonium chloride, but it is much more difficult to increase than to 
decrease this acidity 

Determination of Organic Acids ( Method of Van Slyke and Palmer) 7 
Principle Carbonates and phosphates are precipitated and the filtrate titrated with 
acid from pH 8 to pH 2 7 In the procedure described, the indicators phenol phtbalem 
and tropcolin 00 are used to define the pH range a pH meter may also be used 
Variations m the technique are required in the albuminous or high bicarbonate urines 

Procedure Mix 100 ml of urine with 2 g of finely powdered calcium hydrox- 
ide and stir occasionally for 15 minutes Filter Carbonates and phosphates 
are removed Transfer 25 ml of filtrate to a 125 to 150 ml test tube, add 
0 5 ml of 1 per cent phenolphthalem and 0 2 N HC1 from a buret until pink 
color just disappears This amount need not be measured The pH is now 
about 8 Add 5 ml of 0 02 per cent tropeolin OO* little by little with stirring 
to prevent precipitation of the dye Titrate with 0 2 N HCI until the red color 
matches that of a standard (pH 2 7) made from 0 6 ml 0 2 N HCI, 5 ml of 
tropeolin OO solution and water to make 60 ml When the end point is nearly 
reached dilute unknown to 60 ml before completing the titration 
To avoid the buffering effect of protein in albuminous urine, acidify with 
a few drops of concentrated HCI, boii, and filter before proceeding with the 
addition of calcium hydroxide as described above Similar acidification and 
aeration by pouring will sufficiently reduce the CO* content of high bicar 
bonate urines (pH over 7) 

Calculation Subtract from ml 0 2 N HCI the amount (usually 0 7 mi ) of the acid 
required to titrate a control tube of water between the same limits Multiply the differ 
ence by 2 to get results in terms of 0 1 Is acid (the usual basis) and by l000/2a to get 
the \ alue for 1000 ml of urine 

Interpretation, The titration includes organic acids, creatine, creati- 
nine, and a small amount of ammo acids Normally the excretion for 24 
hours corresponds to 400 to 750 ml of 0 1 N HCI or about 8 ml per kg 
of body weight In diabetic acidosis values from 20 to 180 ml per kg have 
been observed In diabetes this titration approximates closely the amount 
of ff-hydroxybutync and acetoacetic acids in the urine and may be sub- 
stituted for the determination of these substances for clinical purposes 

HYDROGEN-ION CONCENTRATION OR TRUE ACIDITY 

Colorimetric Method Principle The reaction of the urine is determined by 
matching the colors produced when pH indicators aro added respective!) to the di 
luted unne and to the standard solutions of know n reaction Tins method is subject to 
salt and ddution errors but is sufficient!) accurate for most clinical purposes 

Procedure Preparation of Standard Buffer Solutions The Sflrenserv phos- 
phate buffer standards, together with the Walpole acetate standards, cotcr 
satisfactorily the range of pH of urine The acetate buffers are prepared 
by mixing 0 1 N acetic acid and 0 1 N sodium acetate in the following pro- 
portions 

T Yan Slyke and Palmer J Biol Chem. 41 56” (lO^O) Palmer J BtoL Chtm 68, 245 
11920) Accordu g to \\ idmarlc and Ljungberg (BiocJicrn Z 216 1 (lO'Ml)) the CaO used in 
this met! od carries down from 7 to 10 per cent of tl e ether-soluble acids of urtno and tl us 
»ves aligl tl> I >w results 

* Iu certain urines this indicator fades under acid con lit ions. Droii phenol I lue mi) be 
substituted or preferably a pH meter may bo used 
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pH 

0.1 N Acetic Acid j 

- 

ml. 

3.0 

185 

3.8 

17G 

4.0 

164 

4.2 

147 

4.4 

126 

4 6 

102 

4 8 

so 

5.0 

59 

5.2 

42 

5.4 

29 

5.6 

19 


2-1 

36 

53 

74 

98 

120 

141 

158 

171 


The phosphate bullet, are prepared by miring M/15 dtarxlium 
M/15 potassium acid phosphate In the proportions’ given rn the ta 


M/15 potassium 


pU \ 

M/15 NatllPOi 

alf/15 KHtTOa 

1 

nil. 

ml. 

5.4 

3.0 

97 0 

5.0 1 

5 0 

95 0 

5.8 

7.8 

92 2 

6 0 

12 0 

88 0 

6 2 

18 5 

81 5 

0 4 

2G5 

73 5 

6 6 

37 5 

1 02 5 

6 8 

50 0 

50 0 

7 0 

1 01 1 

38 9 

7 2 

71 5 

28 5 

7 4 

1 80 4 

j 19 0 

7 G 

1 80 8 

13.2 

7 8 

1 01 4 

1 8.0 

8 (1 


1 s 
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ards, introduce 8 ml of recently boiled distilled water and 10 drops (or 0 5 
ml ) of a particular indicator solution, say bromocresol purple To this di- 
luted indicator solution now add a layer of mineral oil and then introduce, 
without exposure to air, 2 ml of urine Stir gently and match with indicator 
standards in a comparator block A control tube containing the urine diluted 
I 5 should be used in making the comparison, as described in the hydrogen- 
ion determination of blood (see p 699) 

If the urine is too acid or alkaline to come witlun the range of the indi- 
cator selected, repeat, using a more suitable indicator, until a satisfactory 
one is found 

Calculation The colorimetric reading made on the diluted urine at room tempera 
ture may be approximately corrected to give the actual pH at 38° C by subtracting 
0 2 pH The latter factor is however not constant Hastings Sendroy and Robson 
warm the dduted urine to 38° C before reading and correct only for the dilution by 
subtracting 0 1 pH This giv es results w hich are claimed to be w ithin 0 05 pH of the 
electrometric pH of the undiluted urine at 38° G 

Interpretation, The pH of urine may vary over the extreme range 
of pH 4 8 to 8 0, normal pH values lie betvv ecu about 5 5 and 8 0, with a 
mean value of about 6 0 In most pathological conditions the mean pH is 
lowered (increased acidity) The factors influencing urinary pH are similar 
to those influencing the titratable acidity of the unne (diets containing 
acid- and base-forming foods and the administration of acid or alkali) , the 
two are not necessarily related quantifcatrv ely however Thus a dilute 
urine and a concentrated urine may have the same pH, but quite different 
titratable acidities The pH may be considered as an intensity factor, 
while the titratable acidity is a capacity factor The determination of 
urinary pH is of importance clinically largely in relation to the precipita- 
tion of insoluble material from the unne and the possible formation of 
urinary calculi For example, in acid urine, urates and certain sulfona- 
mides may precipitate out, prophylaAis entails the maintenance of an 
alkaline unne in which these substances are more soluble The rev erse is 
true for phosphate calculi, which form m alkaline unne but are soluble in 
acid unne Unnary pH may be lowered by the administration of am 
momum chlonde or raised by sodium bicarbonate 

Electrometric Method. The colorimetric determination of unnary 
pH has been largely replaced for research purposes by the use of the glass- 
elcctrode pH meter (see p 48) More accurate results are obtained, and 
color or turbidity of the unne does not influence results 

TOTAL SOLIDS 

Drying Method Place 5 ml of urine in a weighed shallow dish, acidify i cry 
sli£htty with acetic acid (1 to 3 drops), and dry it in i acuo in the presence of 
sulfuric acid to constant weight Calculate the percentage of solids in the 
urine sample and the total 6olids for the 24 hour period 

Interpretation The average excretion of total solids by a normal 
adult man is about 70 g It is largely dependent upon the protein and 
salts of the diet It may be decreased in severe nephritis due to impaired 
excretion, and greatly increased m diabetes with high sugar elimination 

Practically all the methods whose technique includes evaporation at an 
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increased temperature, e.ther under atmospheric conditions or in rccw, 
arc attended with error. 

StucVell’s method which entails the \ acuum desiccation of the frozen 
sample is extremely satisfactory and should be Used where the greater 
accuracy is desired. 

Long's coefficient (2 6) was at one time used to compute the solids con- 
tent of unae. The second and third decimal figures of the specific gravity 
were multiplied by 2 6 to gj\e the number of grams of solid matter in 1 
liter of urine. This procedure is now obsolete. 
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rotatory shaking and distil the mixture until its volume has diminished 
about one-half. Titrate the partly neutralized 0.1 N sulfuric acid solution by 
means of 0.1 N sodium hydroxide, and calculate the content of nitrogen of 
the urine examined. 

Calculation Subtract the number of ml of 0 1 N sodium hydroxide used m the 
titration from the number of ml of 0 1 N sulfuric acid taken The remainder is equiva- 
lent to the number of ml of 0 1 N sulfuric acid neutralized by the ammonia of the 
urine One ml of 0 1 N sulfuric acid is equivalent to 0 0014 g of nitrogen Therefore, 
if y represents the volume of urine used in the determination, and y' the number of ml 
of 0 1 N sulfuric acid neutralized by the ammonia of the urrne, we have the following 
proportion 

y/100 = (y' X 00014 ) /x in which x equals g nitrogen per 100 ml urine examined 
Calculate the quantity of nitrogen m the 24-hour urine specimen 

Interpretation. An adult of medium size on a mixed diet will usually 
excrete 12 to 18 g of mtrogen per day m the unne On a low protein diet 
the unnary nitrogen may drop to as low as 5 g or so per day , on a high- 
protein diet, it may nse to 22 to 25 g or even more The total mtrogen 
determination includes the nitrogen from all the nitrogenous constituents 
of the unne, under ordinary circumstances the compound urea contnbutes 
about 80 per cent or more of the total mtrogen, the remainder being dis- 
tributed between the various other nitrogenous constituents present (see 
below) In a normal adult, the total mtrogen of the unne and of the feces 
will often be almost exactly equal to the total nitrogen of the diet Such 
a condition is called “mtrogen equilibnum ” The feces usually contain 
\cry little nitrogen, it is a customary approximation m metabolic studies 
to assume that the fecal mtrogen will be 10 per cent of the unnary 
nitrogen 

Calculation op Percentage Nitrogen Distribution In modern 
metabolism studies where the vanous forms of mtrogen are determined, 
m addition to the total mtrogen as yielded by the Kjcldahl method, it is 
customary to indicate what portion of the total mtrogen was present in 
the form of each of the individual nitrogenous constituents These per- 
centage values are secured by dividing the weight (grams) of mtrogen 
excreted for the day m the form of each individual nitrogenous constituent 
by the weight of the total mtrogen output for the same period For 
example, if the total nitrogen excretion is 9 814 g and the excretion of 
urea-nitrogen 13 8 520 g and the excretions of mtrogen in the forms of 
ammonia and creatinine are 0 271 g and 0 639 g respectively, the per- 
centage distribution for these forms of mtrogen would be calculated as 
follows 

8 520 g urea nitrogen — 9 814 g total nitrogen =* 84 3 per cent 

0 271 g ammonia mtrogen — 9 814 g total nitrogen =27 per cent 

0 639 g crcatimne-nitrogcn — 9 814 g total mtrogen =65 per cent 

Nitrogen Partition tv Urines Containing Albumin If the unne 
to be tested contains albumin, this must be removed before an attempt 
at a nitrogen partition is made This may be done by heating to boiling, 
acidifying with acetic aud to coagulate the protein, filtering, and making 
up the filtrate to the original volume of the unne If very small amounts 
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of albumin are prebent, removal is more difficult In these c ises the um so 
aluminum hydroxide cream is recommended since it removes none of t e 
nitrogenous constituents of normal urine 

Procedure One liter of urine (containing not over 1 per cent of albumin) is 
mixed with 1 liter of aluminum hydroxide cream 14 and filtered 

2 Fohn-Farmer Mtcro-Kjeldahl Method “ Principle. Tins method belongs 
with the so-called imcrochctmcal methods inasmuch as it is adapted to the deter 
mination of amounts of nitrogen in the neighborhood of 1 mg w bile in the ordinary 
Kjcldahl procedure 30 to 100 mg of nitrogen is generally manipulated One ml 0 
diluted urine is decomposed with sulfuric acid, as in the Kjcldahl method, the am 
monia formed is set free by the addition of alkali, and earned over into an acid solution 
by means of a current of air The ammonia solution is then treated with Ncsslcr# 
reagent and the color produced compared with that of a standard solution of an am 
monmm salt treated in the same way The reaction is 

NII 4 OII + 2(KI),I!gI, + 3KOII-* MIgtl + 7KI 4- 111*0 
The solution of dimcrcunc ammonium iodide is colloidal The conditions of formation 
must he carefully controlled to obtain uniformity and prev cut precipitation Chloride# 
decrease the color formation 


Procedure Introduce 5 ml of urine Into a 50-ml volumetric flask if 
specific gravity of the urine Is over 1 018, or Into a 25-ml flask If the specific 
gravity is less than 1 018 “ Fill the flask to the mark with distilled water and 
Invert it several times In order to guarantee thorough mixing Transfer 
1 ml of the diluted urine to a large (20 to 25 mm by 200 mm ) pyre* 6 ,aS * 
test tube To this add 1 ml of concentrated sulfuric acid, 1 g of potassium 
sulfate, 1 drop of 5 per cent copper sulfate solution, and a small, clean, quart* 
pebble or glass bead (The pebble or bead Is added to prevent bumping ) 0°" 
the mixture over a microburner for about 6 minutes, l e , about 2 minutes 
after the mixture has become clear and light green or almost colorless Allo ,v 
to cool until the digestion mixture begins to become viscous This ordinarily 
takes about 3 minutes, but In any event the mixture must not be permitted 

to solidify Add about 6 ml of water (a few drops at a time, at first, then more 

rapidly) to prevent solidification To this acid solution add an excess of 
sodium hydroxide solution (3 ml of a saturated solution are sufficient), a d4 *' 
ing the alkali down the side of the tube so that It does not mix with the acid 
solution but forms a layer beneath It Connect the tube with a suitable re- 
ceiver in an aeration train (see Figs 238 and 239) placing in the receiver 1 
about 20 ml of dilute (approximately 0 02 N) sulfuric acid Start the air cur- 
rent (wh ich mixes the alkali and acid in the digestion tube) and aspirate the 


14 See Appendix 

u kolin and 1-armer J Biol Ctiern II 493(1912) 

»• The purpose is to dilute the urine bo that 1 ml of the diluted fluid shall contain 0 75 
to 1 5 mg of nitrogen 

>» For a single analysis a volumetric flask is used as receiver and compressed air » 
used for aspiration tor serial analyses a receiving tube similar to the digestion tube ana 
Stted with a two-hole rubber stopper carrying a long inlet and a short outlet tube is u ^ a , 
I ithor compressed air or suction obtained from a water pump and applied at the end 
U e train may be used Tbe entering air must be washed by passage through a 
bottle containing dilute (1 10) sulfuric acid to remove any ammonia which may be present 
Aa . ™ any palr * of ^bca as desired may be connected in senes For method of cleaning 
rubber tubing used for cm nection see p 653 If suction is used in disconnecting wbf" 
aer j‘V°«» W , C r mp e .V > ' ,ecreas « t,e rato of air passage to a slow stream and start at tb8 
end farthest from the pump to avoid back pressure 
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liberated ammonia into the receiving solution The air current should be 
started slowly and should be only moderately rapid for the fir$t 2 minutes, 
but at the end of this two-mlnute period the current should he run at its 
maximum speed for an interval of 8 minutes, or until all the ammonia has 
been driven over. The time required for complete aspiration of the ammonia 
will differ under different conditions and should be established by trial. 18 



Tigs 23S ( left ) vnd 23 l J { right ) Forms of Deration Apparatus (Folin and Farmer) 


When all the ammonia has been aerated over, disconnect the receiver, 
dilute the contents to about 60 ml with ammonia-free water in a 100 ml 
volumetric flask (if such a flask has not itself been used as receiver), and 
dilute similarly 1 mg of nitrogen in the form of ammonium sulfate 1 * in a 
second volumetric flask Nesslerize both solutions as nearly as possible at 
the same time with 10 ml of Nessler solution*® measured in a graduated 
cylinder pnd diluted, immediately before using, with about 20 mi of am 
monia-free water to avoid turbidity Immediately fill the two flasks to the 
mark with ammonia-free water, mix well and allow to stand 5 minutes before 


** Run a trial analj sis and have several receivers ready After 8 minutes aspiration 
remote the first receiver and replace by a fresh one Repeat at several later time intervals 
Treat tl\e contents of each receiver with Nessler solution as described above for an analysis 
and estimate from the color reaction the aeration time which giies complete transference 
of ammonia 

11 Caro should he taken to secure the pure salt Vmmonium salts may contain pyridine 
bases which titrate like ammonia hut do not react with Nessler s reagent Pure ammonium 
sulfate may .be prep ired bj decomposing a lut>h grade ammonium salt^with sodium by 
dronde and p tssmi, the liberated ammonia into pure sulfuric acid Tho salt is then pre- 
cipitated by means of alcohol, brought into volution in water and then rcprecipitated by 
alcohol Tho final product should be dried in a desiccator over sulfuric acid I’j ridine-free 
ammonium salts are now obtainable on the market V solution containing 0 4714 g of 
ammonium sulfate in 1 liter of water plus a few drops of com cut rated sulfuric acid as 
preservative contains 1 mg of nitrogen in IP ml It is stable indefinitely 

See \ppcndix. , 
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reading In the colorimeter or photometer. For colorimetric comparison, 
match the standard against itself, and then the unknown against the stan 
ard, in the usual way (see p 510). For photometric measurement, set 
photometer to zero density (or 100 per cent transmittance) at 480 nv V* 
below) with a blank prepared by diluting 10 ml of Nessler reagent to 10 
with water This blank will correct for any ammonia present In the dilut ns 
water, but not In the digestion reagents, etc For more accurate results, run 
a blank and a standard through the entire analytical procedure (digestion, 
aeration, nesslerizatlon), 6et the photometer to zero density with the hlan , 
and obtain results in terms of the density of the analyzed standard T * 
should correct for ammonia in the reagents as well as systematic errors n 
the anal) sis 

Calculation Pot colorimetric meaturement 

Reading of Standard ^ , n Standard — mg \ in -volume of urine used 

Reading of Unknovv n 

At a 1 10 dilution of the unne 1 ml represents 0 1 ml of urine at a 1 5 dilution 
02 ml of urine Multiply the result of the alxj\ e calculation by the dilution (10 ora) 
to obtain the nitrogen content ol the urine in mg per ml or g per liter (the t»® 
are identical) From this the total nitrogen content of the 24 hour sample may 
calculated 

For photometric mearurement 

Density of Lnknown . _ , . . , , i 

Dttuuty o( ‘sUmdaH X ”* N - mg \ in volume ot unne used 

Further calculation is similar to that described lor colorimetric measurement 

Interpretation. See p 875 

Spectrophotometric Characteristics of the Nessler Color 
Ammonia. The color reaction between Ncssler’s reagent and ammonia 
is the basis for many other quantitative methods of biochemical im 
portance, in addition to its use as described here for the determination 
of total nitrogen The spectrophotometnc characteristics of the Nessler 
color therefore deserve detailed consideration, since they determine the 
conditions for accurate photometric measurement, such as the choice of 
wavelength or filter, solution depth, and range of concentration over 
which Beer’s law is applicable The data presented here are based on 
ncsslenzation under the conditions described above, i e , using 10 ml of 
Nessler reagent in a final volume of 100 ml , in the absence of excess strong 
acid or alkah or of protective substances such as gum ghatti The values 
represent the conditions prevailing in the authors' laboratory at the tune 
the analyses were made, and cannot be used for calibration purposes else^ 
where, as discussed in Chapter 23, under “ Colorimetry and Photometry,’ 
but may be used as a guide for such calibration 

The relation between the wavelength at which measurements are made, 
and light transmittance (optical density) for various amounts of am 
moma nitrogen, measured at 1 cm solution depth, is shown in Fig 240A 
There is no wavelength of peak or maximum light absorption in the 
visible portion of the spectrum for the amounts of nitrogen ordinarily 
encountered and under the prescribed conditions. The choice of wave- 
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length therefore depends largely upon the £&£ 

range of concentration over which Beer’s law ^PP“ 240A , 

lion is supplied by Fig 240B, which ^P^" te j"or density and 
plotted in terms of the relation between t 

concentration at various wavelengths. , ' 5-mm. test tube, 

It is shown in Fig 240B that in a 1-cm. cuve ' g of nitrogen up to 

since the two are approximately equivale ) ^ Blthin tte accU rate 

1.5 mg. in 100 ml. of nesslenzed solutio wavelength between 

portion of the photometer scale (see p. o- ' . j bv calculation based 

-180 and 520 ran Such amounts may be deter “ ' J ith Beer’s law, as 

imnr „ l m u standard in accordance 



solution. 


wiuuuu. .iMisitv and concentration » — 

The proportionality between d - y ^ ^ particular photometer o\er 
length or filter chosen should lie ;ficant ,] ov 1: ,tion from Beers law 

the concentration range expect » S 240 usually indica f "“ 

greater than that expected from the data oi r g 
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that either the photometer or filter is at fault In this event, results must 
be based upon the actual calibration data obtained with the mst rumen , 
the use of such a “calibration curve” and the precautions which must oe 
associated with its use, are discussed in Chapter 23 

Alternate Aeration Procedures with Tltrimetrlc Estimation, in- 
stead of nesslenzing the aerated ammonia for col on metric estimation, one 
may aerate it into acid and make the determination by titration I wo 
such procedures arc desenbed They have the advantage over the colon 
metric method of permitting the accurate determination of larger 
amounts of nitrogen (up to 3 mg or so) A disadvantage is that too 
vigorous aeration may carry over a small amount of the fixed alkali use 
to liberate the ammonia, and thus lead to titnmctnc (but not colorimetric) 
error lo catch any spray, the bulb portion of the aeration outlet tube 
may be loosely packed \\ itli glass w ool , in any event, the apparatus should 
be tested for this possibility of error by running a blank determination or 
analyzing a solution containing a known amount of nitrogen 

Aeration into Done Acid Place 25 ml of 2 per cent boric acid solution con 
tabling bromocresol green Indicator, as described on p 552 In connection 
with the determination of blood urea nitrogen In the receiving flask or test 
tube Liberate the ammonia from the digest by alkali as described for the 
Foil n Farmer method, and aerate the liberated ammonia Into the boric acid 
solution When aeration is complete remove the receiver and titrate the 
contents with 0 0145 N sulfuric acid (see p 552) until the more or less blue 
color Is exactly restored to Its original yellow green shade, as evidenced by 
matching against a control 25 ml portion of boric acid plus indicator which 
is diluted with water to approximately the same final volume as the titrated 
sample The end point should be sensitive to about 0 02 ml of the standard 
acid 

Calculation Lach ml of 0 0143 \ acid is equivalent to 0 2 mg of nitrogen Multi 
ply the numl er of milliliters of 0 0143 \ acid used by 0 2 to give milligrams of nitrogen 
in the volume of urine used 

Aeration into Standard Acid Aerate the liberated ammonia into a receiver 
containing 25 ml of 0 01 N sulfuric acid When aeration Is complete, remove 
the receiver add a drop of methyl red indicator solution, and titrate with 0 01 
N sodium hydroxide to an orange or beginning yellow shade 

Calculation Subtract the number of ml of 0 01 N alkali used from 2o 0 to 
obtain the amount of 0 01 \ acid neutralized by the ammonia Multiply this value by 
0 14 to obtain the nitrogen content in mg of the volume of undiluted urine used in the 
analysis since each ml of 0 01 N acid repesents 0 14 mg of nitrogen 

3 Determination of Nitrogen by Micro Kjeldahl and Distillation Instead 
of aerating over the ammonia of a micro-Kieldahl determination it may be dist He® 
over and collected in acid for subsequent determination by colorimetric or tjtnmctnc 
methods In general more accurate and consistent results arc obtained by distillation 
than by aeration Bock and Benedict have described a simple distillation procedure 
us ng an ordinary small Liebig condenser * For research work steam distillation has 
largely replaced simple distillation and is the method of cl oice for all accurate roicr®* 
Kjeldahl analyses Modem steam-distillation apparatus (see tig 241) 13 compact 


Bock and Benedict J Biol Chem. 20 47 (1915) 



Urine Quantitative Dalasis 


881 


Chap 31 

casj to use, almost automatic in operation, and requires but a few minutes for each 
sample 

Procedure Digest the sample as described for the Folin- Farmer method, 
p 876, or digest It with 1 ml of concentrated sulfuric acid plus a few small 
grams of metallic selenium or a “Hengar granule” (a quartz chip coated with 
selenium) 51 Digestion must be continued until all of the nitrogen has been 
converted to ammonia, the time re- 
quired for complete conversion varies 
with different types of material and 
should be established by trial 

Transfer the digested sample with 
rinsings to the chamber of the steam- 
distillation apparatus, which has previ- 
ously been cleared of any contaminat- 
ing ammonia by a blank distillation 
Place the receiving fluid (this varies 
with the procedure, see below) in a 
small flask arranged so that the tip of 
the condenser outlet dips below the sur- 
face of the receiving fluid Add sufficient 
concentrated sodium hydroxide to the 
digest m the chamber to more than 
neutralize the amount of acid present 
(determine by trial) Start the genera- 
tion of steam in the boiler, and steam- 
dlstil the sample until 8 to 10 ml or 
more of distillate have been collected in 
the receiving flask Remove the receiver, 
rinsing down the sides of the condenser 
outlet tube with a little water in the 
process, and determine the ammonia in 
the distillate by any of the following 
procedures ** 

(a) CoLOIUMETBIC OR PHOTOMETRIC EsTI 
mation Use 1 to 2 ml of dilute (0 I N) 
acid in the receiving flask and collect 
the distillate as described Transfer the 
distillate to a container graduated at 
25 ml , with rinsings up to about 20 ml 

volume Add 2 5 ml of Nessler solution, j * R vrus 

dilute to 25 ml with water, and mix . 

Compare in a colorimeter or photometer with a standard containing 0 
me of nitrogen, prepared in a second 25-n.I container in the same stay as 
for the distillate In photometric measurement, if the standard is digeste 
and distilled as for the sample, and the photometer is set to zero density with 
a digested and distilled blank, correction is automatically obtained for any 
systematic error or for ammonia in the reagents 



» Obtainable from the Hengar Co Philadelphia or from dealers , “ l \Z 

” On disconnection or diversion of the steam flow from the cl amber of the •PI™**'** 11 
ft » Sue of t! e sample will usually be removed automatically I y .. . 

as « e chamber coots down The apparatus is then rca l> for the next sample without 
further rinsing 
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Calculation Sim lar to that given for the Folin Farmer procedure p 87& 
result gives the mg of nitrogen present m the portion of sample analyze 
ditions for photometric measurement have been presented on p 8-8 t 
measurement not more than 0 5 mg of nitrogen may be present if a 1-em cu 
is used or half this amount w ith a 2-cm curette Much smaller amounts than 
(down to 0 01 mg or less) may be accurately estimated by using 1 ml ° , 

acid in a test tube graduated at 10 ml collecting the distillate up to the 10-ml 
adding 1 ml of Newsier solution and comparing photometrically with a sui 

(b) Titrimetbic Estimation Place 10 ml of 2 per cent boric acid containing 
bromocresol green indicator as described on p 552 for the determination 
blood urea nitrogen, in the receiving flask collect 10 to 15 ml of da i » ^ 

as described, and titrate the contents of the receiving flask with 0 on 
(or 0 02 N) sulfuric acid until the solution has been brought back to ‘ 
original yellow green color Match against a 10 ml control portion of bo 
acid indicator diluted with water to approximately the final volume of 
titrated sample . n o 

Calcclation Multiply the number of ml of 0 0143 \ (or 0 02 N) acid used > 

(or 0 28) to obts n the mg. of nitrogen in the portion of sample used Titration o a 
d gested and distilled standard and blank will serve as a basis for correction for any 
ammonia present in the reagents Amounts of nitrogen from 0 0o to 3 mg or m 
may be accurately determined by this procedure Mtematively the distillate 
be collected in 2o ml of 0 01 \ acid and the excess acid back titrated w ith 0 0 
alkali in the presence of methyl red indicator as described under the Folin Farm* 1 
procedure The bone acid method is preferred because it is a direct titration aa 
requires only one standard solution which is qu te stable 


4 Other Methods Many other modifications of the macro-Kjeldah 
and micro-Kjeldahl determination of total nitrogen have been proposed 
those described here are believ ed to be as satisfactory as any For micro- 
Kjeldahl analyses direct nesslenzation of the diluted digest has been P r °" 
posed by Folin and Denis and by Koch and McMeekin these procedures 
are similar in details to the direct nesslenzation methods for the deternu 
nation of blood nonprotem mtrogen as desenbed in Chapter 23 In g® n 
eral, direct nesslenzation is less satisfactory for unnary mtrogen than lor 
blood nonprotein mtrogen because of the difficulty of avoiding turbidity 
Other methods of determining nitrogen include those based upon gaso- 
metnc estimation their use with unne is similar to that for blood non- 
protein nitrogen and references may be found in this connection i 
Chapter 23 

UREA 


1 UREVSE METHODS 

These methods depend upon the principle that the enzyme urease is 
able at ordinary temperatures to transform urea quickly and com 
pktely into ammonium carbonate Takeuchi in 1909 discovered the 
presence of this enzy me m the soja or soy bean The application of this 
enzyme to the determination of urea m unne blood etc , was first pr°| 
posed by Marshall whose methods have been modified by Van Sly he an 
Cullen These latter investigators prepared a permanent preparation 
the enzyme, in a water soluble form the use of which makes more con- 
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vement the rapid and accurate determination of urea in unne, blood and 
other biological fluids 

The urease method is probably the most satisfactory of all methods for 
the determination of urea Other nitrogenous constituents such as allan 
tom are not decomposed by urease The method involves no carefully 
regulated heating procedures, and is applicable to diabetic urines Since 
however, the basis for the urea determination is essentially an analysis 
for the ammonia produced by the action of the enzyme, every analysis 
will include the preformed ammonia which is also present m the urine, so 
that uncorrected results represent urea plus ammonia To obtain the urea 
content, it is necessary to know the amount of preformed ammonia 
present, as established by separate analysis, and to subtract this from 
the results of the urea determination Urea (and ammonia] determinations 
should be earned out on fresh or recently collected and preserved samples 
of unne since on long standing even m the presence of preservatives 
significant amounts of urea may undergo hydrolysis to form ammonia 
thus leading to misinterpretation of the significance of both the urea and 
the ammonia values Kinetic studies have shown that a high concenfcra 
tion of urea or ammonium ion tends to inhibit the action of urease u The 
conversion of urea to ammonia may take place quite rapidly m urine con 
laminated with bactena 


a Method of Van Slyke and Cullen Principle The urine sample is treated 
with urease and the ammonia formed is aerated into 0 02 N acid which is then baeh 
titrated with 0 02 Nf alkali A modification based on aeration into boric acid and direct 
titration mth standard acid is also described this is preferred over the original 
method because just as accurate results are obtained and only one standard solution is 
required in a direct titration 


Preparation of Soud Urease ** Digest 1 part of jack bean meal” with 5 parts 
of w ater at room temperature w ith occas onal stirring for an hour and clear the solu 
tion by filtration through paper pulp or centrifuging Pour this extract slow Iy w ith 
stirring into at least 10 volumes of acetone The acetone dehydrates the enzyme 


preparation Filter dry m vacuum and po \der The activity of the preparation is 
retained indefinitely Thus prepared it is not perfectly soluble in water but this fact 
interferes m no way with its use 

Standardization of the Enzyme Preparation Make up accurately a 3 per cent 
solution of pure urea Treat this solution exactly as the unne is treated in the follow 
mg method using 0 5 ml of the solution The ammonia formed should neutralize 
2» ml of 0 02 N acid or an equivalent amount of acid of other strength If it docs so 
the preparation is of suffic cut strength to use as indicated If not more of the prepara 
tion must be used for a determination 



884 


Practical Physiological Chemistry 


Chap 31 


prevent frothing), and 1 ml of enzyme solution 11 Close the tube with a 
hole rubber stopper fitted with a long inlet tube and a short outlet tube, as 
illustrated in the figures cited, and let the tube stand 15 minute* for _» 
enzyme to act Measure into a second similar tube 2a ml of 0 02 N HC 
lljSOi Add 1 drop of caprylic alcohol and 1 drop of methjl red in c 
solution Connect the two tubes for aeration with washed air by either pres 
sure or suction, as described on p 876 At the end of 15 minutes aspirate i or 
about one half minute to transfer any ammonia present In the free cond,t ‘ 
to the receiving solution After this aspiration, open the tube containing 
sample and introduce 5 ml of saturated potassium carbonate Close the to 
at once and aspirate until all the ammonia has been carried over into t 
acid in the receiver The time needed for the aspiration varies for differen 
pumps from 5 to 30 minutes, and should be determined by trial for the par 
ticular apparatus used At the end of the time needed for the aeration, t 
pump is disconnected (care being taken to avoid back suction) and the excess 
acid In the receiver is titrated by means of 0 02 N NaOlI 

Calcclation Subtract the number of ml of 0 02 N alkali required for the titration 
from 2o0 to obtain the volume of 0 02 \ acid equivalent to the ammonia present 
Since 1 ml of 0 (12 \ acid is equivalent to 0 28 mg of nitrogen and 0 a ml of urine 
is used in an analys a (a ml of a l 10 dilution) multiply the volume of 0 02 \ am 
found e (ual to the ammonia by 0 06 ( = 2 X 0 28) to obtain the urea plus arntnonui 
nitrogen content in g per liter (mg per ml ) Subtract from this v alue the ammonia 
nitrogen content in g per liter as established by a separate anal> sis (sec p 888) 
obtain tl c urea nitrogen content of the unne mg per liter From this and the total 
volume of the sample the urea nitrogen content of the 24-hour sample is readil> 
obtained 


Aeration Into Boric Acid Proceed exactly as described above, but aerate the 
ammonia into 25 ml of the 2 per cent boric acid indicator solution de 
scribed on p 552 In connection with the determination of blood urea nitre 
gen (see also the modified Folm Farmer method, p 880) When aeration ** 
complete, titrate the boric acid solution with 0 0143 N (or 0 02 N) sulfuric 
acid until the more or less blue color has been restored to the original jellow 
green color, as established by comparison with a control 2a ml portion Ol 
boric acid indicator solution which is diluted with water to approximately 
the same final volume as the titrated sample The end point should be sharp 
to about 0 02 ml of the standard acid 
Calci latujn I,acli ml of 0 0143 \ acid is equivalent to 0 2 mg nitrogen if 0 02 ^ 
aci 1 is used 1 ml equals 0 28 mg nitrogen Multiply the vol ime in ml of acid required 
for tl c. titration 1 y 0 2 (or 0 28) and then further by 2 to obtain the urea plus am 
ramiia nitrogen content of the urine in g per liter Subtract the ammonia nitrogen 
content of the unne determined separately to ol tain the urea-nitrogen contmt 

Interpretation The mean average daily excretion of urea by normal 
adults is usually plated at about 2o to 3o g (10 to It g of urea nitrogen) 
but is very < lastly dependent upon the protein ingestion and metabolism 
and heme may vary widely In disorders associated with increased 
tatuhoh-m as in fevers the excretion of urea is increased It may be de 
t rca>ed m pronounced kidney and live r disorders due to decreased forma 
turn ind decreases! power of elimination but these findings arc not 
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constant The determination of urinary urea, in conjunction with the deter- 
mination of blood urea, is, however, of major clinical value as an index of 
Kidney function (see urea clearance test, p 965) 

The percentage of the total nitrogen of the urine occurring as urea 
vanes on the average from SO to 90 On a high-protein diet it is nearer 
90 per cent, oil a very low -nitrogen but high-calorie diet it may not be 
over GO per cent In marked acido&is it may be considerably decreased 
relative to the total nitrogen (see “Ammonia," p 888) 

b. Direct Ncsslerization Method {Folin and Youngburg ** Modified) 
Principle The diluted urine is treated with an alcoholic urease solution to convert 
urea into ammonia, and the ammonia present is then determined by direct nessleriza 
tion In the original procedure, preformed ammonia is removed by treatment with 
Pcnnutit (a synthetic “exchange silicate," see p 890) and the determination carried 
out on the ammonia free solution It has been found, however, that Pemiutit may at 
tunes remove a significant amount of the urea as well, and its use has been dispensed 
with in the modification described here The total urea plus ammonia nitrogen is 
determined bj direct ncsslerization after urease treatment, the preformed ammonia 
content of the urine, as determined by a separate analysis (p 888) is subtracted from 
the result to give the urea nitrogen content of the urine 

Direct ncsslerization is perhaps not quite so accurate as the aeration procedures 
because of the possibility of turbidity produced by interfering substances m the color 
reaction, but the procedure has the advantage of simplicity and the results are quite 
suitable for most purposes 

Procedure Dilute 5 ml of urine to 100 ml. in a volumetric flash and mix 
well Transfer 1 ml of the diluted urine to a test tube, add 1 ml of the alco- 
holic urease solution,** and 1 drop of buffer solution ” Digest in a beaker of 
warm water (4Q a to 55° C ) for 5 minutes or at room temperature for 15 min- 
utes, at the end of which time transfer the contents of the test tube, with 
rinsings, to a 100 ml volumetric flask, diluting to a volume of about 80 ml 
Prepare a standard in a second flask by adding sufficient standard nitrogen 
solution to contain 0 5 mg of nitrogen,*' 1 ml of urease solution, and water 
,0 -® mV Tt earoY AlreA / mV ^VraVitjiiWAjiT," 

set the flask contents to swirling and add from a graduated cylinder 10 ml 
of Ncssler reagent ** Dilute immediately to 100 ml mix, and allow to stand 
5 minutes Read In a colorimeter or photometer in the usual way For photo- 
metric measurement, set the photometer to zero density with a blank pre- 
pared similarly to the standard except that the standard nitrogen solution is 
omitted 

C vlculation for colorimetric measurement 
Holding of Standard mg N m „ j. > . mg urea- plus amiuoui i-uitrogon 
Reading of Unknow n Standard 1 11 1011 m 1 mi of undiluted urine 

** Folm and Voungburg J Biol Chem 38 111 (101J) and \oungburg J Btol Chctn 
«, 391 (1931) 

” To prepare the alcoholic urcaso solution place 3 g of Pemiutit in a flask, wash once 
with 2 per cent acetic acid then twice with water add 5 g of fine jack bean meal and 
100 ml of 30 per cent alcohol Shako gently but continuously for 10 to 15 minutes and filter 
The filtrate contains practically all of the urease and extremely little of other materials 
“ Dissolve 14 2 g of NailllO* and 12 0 g of ValljPO, or equivalent amounts of the 
crystalline salts in water an I make up to 100 ml 
n bee footnote 19 p S77 
11 See Vppcndix 
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Subtract from this value the ammonia content of the urine, as determined separately, 
to obtain the urea nitrogen content of the urine Under the conditions described, 
dilution is 20, and urines containing 5 to 20 g of urea nitrogen per liter may be accu 
rately analyzed For values outside this range, repeat the analysis at a more satistac- 
tory dilution 


bor pholomeirtc measurement 


Density of Unknown mg N in 
Density of btandard Standard 


X Dilution =» 


urea- plus ammonia nitrogen 
in 1 ml undiluted urine 


Correct for the preformed ammonia content as described above The conditions for 
photometric measurement of the Ncsslcr color have already been described (p 
At 480 mjx, and in a 1-cm cuvette, the standard has a density of approximately 0 400, 
permitting measurement with urines containing up to about 25 g of urea nitrogen per 
liter under these conditions For higher values, or for photometric measurement a 
greater depth of solution, use a greater dilution of the urine 


Interpretation. See p 884 




c. Mlcrodiflusion Method of Conway Principle. The sample of diluted 
unne is incubated with urease in the outer compartment of a “Conway 
diffusion tell" (Fig 242) ,4 The ammonia formed is 
then liberated by addition of saturated potassium 
carbonate solution, and the cell is covered The 
ammonia diffuses over into and is absorbed by acid in 
the inner compartment of the cell, where it maj 
there be determined by titnmetnc or colonmetnc 
means As with all urease methods for unne, sepa- 
rate determination of the ammonia N present is neces- 
sary in order to obtain the urea N content 

The same principle may be employed for the 
determination of urea N in blood, of total N in micro- 
Kjeldahl digests, and in general wherever a volatile 
absorbable substance is to be determined (see p 668) 
Because of the simplicity of the procedure and ih* 
application to microanalysis, increasing use is being made of this pnnciple 
in routine and research laboratories 



242 Conway 
Cell. 


Procedure. Determination oj Urea N Plus Ammonia N. Dilute 1 ml. of urine 
to 10 ml. with water and mix With an accurate pipet transfer 0 2 ml. of tfai* 
diluted urine to the outer compartment of a Conway diffusion cell (Fig. 242). 
Place 1 ml of 2 per cent boric add solution containing added bromocresol 
green indicator" In the Inner compartment Smear a glass cover plate with a 


" Conway and Byrne ISuxhtm J 27, 418 (1033) Conway xbul , 27. 430 (1933) Tli* 
procedure aa described here is a alight modification of the ongmal Conway procedure 
and includes acme suggestions of Meinitz ( J Lab Clin i led 13, 288 (1939-1910)) i or 
application of the microdi (fusion principle to the determination of small amounts oi 
nitrogen in tissue preparations see Boraook J Bui Chtm Ho, 481 (1935) For appl‘ ca 
— seeWerch J Lab Clin Ued. «• 

411 (1039-1910) 2t, 878 (1940 1941) 

ii "J 1 '* ui “* ,,er ® u made « C Coora porcelain and may be obtained from the Arthur 

iL Thomas Co Plidadel pida. 

** See p. 552 for preparation of this solution 
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thin film of fixative 5 * and place on the cell, greased side down. Slide the cover 
aside far enough to permit the introduction of a plpet tip, and add to the 
outer chamber 0.5 ml. of urease-phosphate solution. 37 Replace the cover, and 
mix the fluids in the outer chamber by slight tilting and rotation of the cell. 
Set aside at room temperature for 15 minutes. At the end of this time, tilt 
the cell slightly to displace the fluid in the outer chamber to one side, slide 
the cover aside slightly to permit the introduction of a pipet at a point op- 
posite to the displaced fluid, and add 1 ml. of saturated potassium carbonate 
solution to the outer chamber. At once replace the cover, mix the fluids in 
the outer chamber by tilting and rotation as above, and set aside for 90 min- 
utes at room temperature (or place in an incubator at 38° C. for 1 hour). 
Be sure the cover is firmly in place during this period. At the end of the 
period, remove the cover and titrate the contents of the inner chamber with 
0.0143 N sulfuric acid,* 8 using a microburet with a fine tip which dips below 
the surface of the solution being titrated. Titrate until the color of the fluid 
in the inner chamber exactly matches that in a control cell. The control 
Consists of a second cell treated exactly as described for an analysis except 
that 0.5 ml. of water replaces the urine sample. 

Ammonia N Determination. Proceed as above, but use 0.2 ml. of undiluted 
urine and omit the treatment with urease, adding the 1 ml. of saturated 
potassium carbonate solution directly to the urine in the outer compart- 
ment, allowing to stand covered for diffusion and absorption of ammonia 
to take place, titrating, etc., as described. 

Calculation. Since 1 ml of 0 0143 N sulfunc acid is equivalent to 0 2 mg. of 
nitrogen, the calculation is as follow s 

a. Urea N + Ammonia A 7 * 

ml 0 0143 N acid required X 0 2 X 50 = mg urea N + NH« N per ml 

undiluted urine 

6 Ammonia AT. 

ml 0 0143 N acid required X 0 2 X 5 = mg NH* N per ml undiluted urine 

c Urea A' subtract (b) from (a) to obtain the urea N content of the urine, in mg. 
per ml (or g. per liter) 

# during the titration, the fluid in the inner compartment should be stirred con- 
tinuously, a convenient arrangement consists of a fine glass tip delivering i ora pressed 
air m a slaw stream of bubbles below the surface of the solution A magnetic stirrer 
acting on a “flea" (small piece of iron wire enclosed in a small sealed glass tube) 
placed in the inner compartment is also an excellent method of stirring during the titra- 
tion If desired, the determination may be made colorunctncally or photometncallj 
by placing 1 ml. of 0 I N sulfuric acid (without indicator) in the inner compartment. 


u Ordinary petrolatum is satisfactory at room temperatures If the cells are to be in- 
cubated at 3S° C , a petrolatum-paraffin wax mixture is recommended Melt 3 parts petrola- 
tum with l part paraffin wax (M P 55°) and allow to cool 

*’ Dissolve 400 mg of urease powder (prepared as described on p 8S3, commercial 
preparations ma> also be used) in 10 ml of water and add 0 4 ml of phosphate buffer 
(0 9 g of NalliPOi 11*0 and 17 9 g of NaiHPO* 1211*0 m 100 ml of water) Prepare the 
urease solution fresh dail) , and discard any unused portion The actmtj of the powder 
mai lie tested b> a control anal j sis on pure urea solution. Dilute a 2 14 per cent solution 
of urea 1 : 10 with water and anal) so 0 2 ml. of the diluted solution, 0 2 mg. of nitrogen 
should bo found 

** Dilute 14 3 ml. of N sulfunc acid to I liter in a volumetric flask and mix. This solution 
is quite stable. 
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instead of the bone acid solution After absorption of ammonia is complete, the con 
tents of the inner chamber are transferred by means of a rubber bulb pi pet, with rins- 
ings, to a test tube graduated at 2 o ml and nesslenzcd at thi3 -volume in the presence 
of 2 a ml of lsessler reagent Colorimetric or photometric estimation may then 
made m terms of a standard containing 0 2 mg of nitrogen, ncsslcrized similarl) 

Interpretation. See previous methods 

2 01 HER MB1H0DS 

Many other methods for the determination of unnary urea content 
have been described some of which combine certain features of the van 
ous procedures described here Hoe and Coleman suggested colorimetric 
determination of the aerated ammonia (as in the Folin Farmer micro- 
Kjcldahl method, p 87G), after treatment of the unne with urease M®* 1 * 
shall desenbed a simple clinical method based upon direct titration of the 
ammonia liberated by urease treatment 19 Gasomctnc measurement in th e 
Van Slyke-Neill apparatus (p 709) of the carbon dioxide liberated b> the 
action of urease on urea 40 is simple, rapid, and accurate, the only disad 
vantage is when many analyses are to Vie done, since each analysis must 
be carried to completion before the next is begun Gasometnc determina- 
tion based on the liberation of nitrogen b> treatment with hypobromite 
has been described by Stchle 41 Methods based upon isolation of urea as 
the insoluble xanthydrol compound have been desenbed by Barrett and 
Jones 41 and by Allen and Luck 41 Direct colonmetnc methods which do 
not involve the action of urease have been proposed by Ormsbj, 
Barker, 44 and Archibald 44 


AMMONIA 


Introduction. Many of the methods which have been proposed for 
the determination of unnary ammonia are based upon pnnciplcs similar 
to those already desenbed in connection with the micro-Kjeldahl deter 
munition, and the determination of unnary urea since these con^i t 
essentially in the determination of ammonia produced as a result of the 
analytical treatment For the accurate determination of unnary ammonia 
it is necessary to separate the ammonia from mterfcnng matenal, and to 
avoid the use of excessive heat or strong alkali m the treatment of the 
unne, since these may lead to the production of ammonia from other 
nitrogenous constituents of the unne The successful separation of am 
monia from unne bj aeration was first desenbed by Folin, 47 his method 
was modified and improved by Van Slykc and Cullen and their method 
(with^ modification) is desenbed here since it requires less unne than 
I*olm s m ethod, gives just as act urate results and utilizes the same appa- 


»• Marshall J Biol Cktm M. 2 S3 (im> 

“ \ an Sl> l* J Biol Cktm 72 GOj (1927) 

?i'ZLf ktM 47 I3(1J2,) fe~al*oV*n=I>ke J BuA- 

** Barrett anil June* Biotktm. J 20 1240(1332) 

** Allrn an 1 Luck J HuJ Cktm. >2 (93(1029) 

“Ormaly J 11 uj Cktm 14* Jlo (1942 
“ J UiU Cktm. 152. 4^3 (UI4) 

M ArclubaM J 11 uj Cktm. 157 oOTdolJ) 

*’ Join. • m«l wl la deacribed in tbe FWnth Volition 


of tt la book. 
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ritus, reagents and technique as have already been described for the de- 
termination of urea in blood (p 551) and in urine (p 883) 

1. Aeration Method (Van Sly fee and Cullen, Modified) Principle Theurmeis 
treated with an equal volume of saturated potassium carbonate solution, and the 
liberated ammonia is transferred by aeration into an acid recerv mg solution, where it is 
then determined by titration In the original procedure, the ammonia is aerated into 
0 02 "N acid which is then bach titrated with 0 02 N alkali In the modification de- 
scribed here, boric acid solution is used to receive the ammonia, which is then titrated 
directly with standard acid Results arc the same by either procedure, the bone acid 
method has the adv antage of being a direct titration and requires only one standard 
solution which is quite stable 

Procedure Measure 5 mi of undiluted urine into one of the two large test 
tubes used In an aeration train (see Fig 238, p 877, and Fig 147, p 552) 
and connect this tube for aeration, as shown in the illustrations, with a 
second tube containing 25 ml of the 2 per cent boric acid containing added 
bromocresol green indicator, described on p 552 in connection with the 
determination of blood urea nitrogen Add a drop of caprylic alcohol to 
each tube to minimize foaming When ready, remove the stopper of the 
tube containing the urine and add 5 ml of saturated potassium carbonate 
solution Replace the stopper tightly and start the air current (pressure or 
suction, the incoming air must be washed by preliminary passage through 
a wash bottle containing dilute (1 10) sulfuric acid, to remove any ammonia 
present) The air current should be run slowly for the first two minutes, and 
then increased to a rate as fast as the apparatus will stand Aeration is con- 
tinued until all the ammonia has been driven over, this may take from 5 to 
30 minutes depending upon the apparatus, and the time required should be 
established by trial 

When aeration is complete, remove the tube containing the boric acid, 
rinsing down the inlet tube in the process, and titrate the contents with 
0 0143 N (or 0 02 N) sulfuric acid, until the more or less blue color is replaced 
by the original yellow green color, as determined by matching against a 
control 25 ml portion of the boric acid indicator solution which has been 
diluted with water to approximately the final volume of the titrated sample. 
The end point should be sharp to about 0 02 ml of standard acid 

Calculation Each ml of 0 0143 N acid is equiv alent to 0 2 mg of ammonia nitro- 
gen, if 0 02 N acid is used, 1 ml equals 0 28 mg of ammonia nitrogen Multiply the 
\ olurne in ml of acid required for the titration by 0 2 (or 0 28), to obtain the ammonia- 
nitrogen content of 5 ml of urmc divide the result by 5 to obtain the ammonia nitro- 
gen content of the urine m mg per ml (or g per liter) Results on any other basis 
( e 6 , g per 100 ml or per 24-hour sample) may then be readily obtained 

If the original Van Sly ke-Cullen procedure based on back titration of 0 02 N acid 
w ith 0 02 N alkali is used the conditions and the calculations are similar to those de- 
scribed on p SS3 in connection with llic determination of urinary urea except that 
results arc divided by 10 because 10 times as much urine is used for the ammonia 
determination as for the urea determination 
The ammonia aerated into dilute (0 02 N) sulfuric acid may be ncsJcrized and 
determined colonmetrically or photometrically as described for the Folia tanner 
imcro-hjcldalil procedure p 87 b this procedure was suggested by Fohn and Mac- 
Callum The amount of unite taken should not contain over 0 5 to 1 Orng of ammonia 
nitrogen l c 1 to 2 ml of normal urme or less in acidosis diluted to about o mb with 
water Comparison is made against a suitable standard ne&slerued in the same way, 
and the calculations are similar to those for the Fohn Fanner procedure 
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Interpretation. The average daily output 
urine of an adult on a mixed diet is about 0 7 
50 milliequivalents, or 500 ml. of 0.1 X base 
about 2.5 to 4 5 per cent of the total nitrogen 

vary widely from this average value, howe.w., - , 

titratable acidity of the unne, see p. 869) the ammonia content oi uw 
urine appears to parallel the state of acid-base balance within the bodj- 
It is increased in amount by the ingestion of acids or acid-forming foods 
and m the acidosis of starvation or diabetes (but not of nephritis), an 
decreased by the ingestion of alkalies or base-forming foods and in alka- 
losis. The ammonia of the unne is liberated enzymatically in the kidneys 
principally from glutamine but also from amino acids and other possn 5 e 
precursors Urinary ammonia appears to function as a “synthetic” base, 
capable of replacing “fixed base” (sodium, potassium) in the excretion o 
acids as their neutralized salts, and thus conserving such fixed base to the 
organism. 

2. Formol Titration Method ( Maljatti ); Principle. This method is based on 
the reaction that takes place when formalin solution is added to a solution containing 
ammonium salts (see “ \mino Acid Nitrogen” methods) An acid reaction is pro- 
duced in the mixture, which is then titrated with standard alkali using phenolphthalem 
as an indicator. Amino acids git e the same reaction so that the result of the titration 
represents ammonia + ammo acid nitrogen. This method may be used for the rap 1 
clinical estimation of these forms of nitrogen as a substitute for an ammonia deter- 
mination, but the results do not represent ammonia as is sometimes stated. 

Procedure. To 25 ml. of urine in a 200-ml. Erlenmejcr flask add 5 g. of find) 
pulverized potassium oxalate, a few drops of phenolphthalein, and titrate 
to a faint but permanent pink color with 0.1 N NaOH. (The unne mixture 
just after neutralization in the urinary titratable acidity determination 
may be used.) (See p. 870.) Then add 10 ml. of neutral formalin solution (s® e 
"Amino Acid Nitrogen”), mix well, and titrate with 0.1 N sodium hydroxide 
to a permanent pink color. 

Calcllatiov One inL of 0 1 N sodium hydroxide is equivalent to 1 7 mg- of am 
moma. Multiply the number of ml of 0 1 N alkali required after the addition of the 
formalin by 1 7 and by 4 to get the number of mg of ammonia + amino acid nitrogen 
(expressed as ammonia) in 100 ml of the unne examined 

3. Permutit Method:" Principle. The unne is shaken with particles of an ‘‘ex- 
change silicate, " which maoi e the ammonia from solution The ammonia is ret free 
from the silicate by treating with al k a l i solution This is then ncsslerizcd and com- 
pared with a standard ammonia solution ncssltmed in the same way. 

Procedure. Introduce about 2 g. of Permutit powder into a 100-ml. volu- 
metric flask. Add about 5 ml. of water (no more), followed by 2 ml. of urine, 

«* 1 olin and Dell J Biol Chrm. Jv. 329 (1917) Permutit is a synthetic aluminum 
which ha» the property of taking up ammonia quantitatively in neutral or weakb 
•oluuon and of releasing it in strong!) alkaline solution The GO-&0 mesh powder «hom J 
be used. A suspension in water should settle quickly leaving the supernatant fiuid clear 
After use, it may be regenerated for further use if it u washed with water, 2 per rent 
acetic acid, and finally with water again 

“ " flb unoe* v try low in ammonia it may be necessary to use more urine (5 ml) 

•o far u it M practicable it u Utter not to use more than 2 ml and to employ a weaker 


of ammonia nitrogen in the 
’ g , corresponding to about 
, per day, and representing 
. The amount excreted may 
cincp (nlontr with the 
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accurately measured. Rinse down the added urine by means of a little water 
(1 to 5 ml.), and shake gently but continuously for 5 minutes Rinse the 
powder to the bottom of the flask by the addition of water (25 to 40 ml.) and 
decant. Add water once more and decant. (In the case of urines rich in bile 
it is advisable to wash once or twice more ) Add a little water to the powder, 
introduce 2 ml. of 10 per cent sodium hydroxide, shake for a few moments 
and set aside, while preparing the standard ammonium sulfate solution as 
follows. 

Transfer 10 ml. of the standard ammonium sulfate solution (see p. 877 ) 
containing l mg, of nitrogen (or 5 ml. containing 0.5 mg. of nitrogen if a 
half-strength standard is desired) to another 100-ml volumetric flask and 
add 2 ml of 10 per cent sodium hydroxide (to balance the alkali added to the 
Permutlt mixture in the other flask). Dilute to about 75 ml. and mix. Trans- 
fer 10 ml. of Nessler’s solution (see p. S77) to a measuring cjlmder. Now give 
the volumetric flask a vigorous whirl so as to set the solution spinning within 
the flask and add at once the whole of the Nessler solution in the cylinder. 
With another whirling movement complete the mixing of the contents of the 
flask. If the process of nesslerlzation has been successful a deep-red but 
crystal-clear solution is obtained. If it is not perfectly clear discard It and 
prepare a fresh standard. Then dilute the contents of the flask containing the 
Permutlt and the urinary ammonia to about 75 ml., whirl the mixture, and 
add the Nessler reagent (10 ml ) exactly as in the case of the standard solu- 
tion. Dilute the contents of both flasks to volume (100 ml.) and compare in a 
colorimeter with the standard set at 20 mm , or determine the densities of 
unknown and standard in a photometer at 480 m*i For photometric measure- 
ment, set the photometer to zero density with a blank prepared by treating 
about 75 ml. of water plus 2 ml of 10 per cent sodium hydroxide in a 100-ml. 
volumetric flask with 10 ml. of Nessler solution as described, diluting to 100 
ml , and mixing. 

Calculation For colonmetnc measurement 
Reading of Standard . . ...... 

Rpn Hi^ g of' U nt.n n '^ * ™ m standard — mg NHj N in volume of urine used 

Divide the result of the above calculation by the volume of urine used to obtain the 
ammonia-nitrogen content of the urine, m mg per ml (or g per liter) From this, and 
the volume of the 24 hour specimen, the daily output of urinary ammonia is readily 
obtained. 


For photometric measurement 
Density of Unhnovvn 

Densit y of Standar d * mg ^ in Stan( * ar d ** mg NIIjN in volume of urine used 


Further calculation is the same as for colorimetric measurement The spectrophoto- 
metric characteristics of the Nessler color, and the conditions for accurate photometric 
measurement, are similar to those given on p S78 m connection with the f olm-Fanncr 
nucro-Kjcldahl method, since sunilar amounts of nitrogen are dealt vv ith here, under 
equivalent conditions 

Interpretation. See p S90 


standard fO 5 mg instead of 1 mg of nitrogen) for colorimetric comparison If there is 
doubt about which standard to use it is sound an&htical practice to prepare both and to 
match the untnown against the most suitable standard as determined b> inspection 
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AMINO ACID NITROGEN 

1. Ninhydrin Method of Van Slyke, MacFadyen, and Hamilton Prin< :' ! ’ ,e ' 
The unne sample, previously freed from urea by treatment with urease, is hca e 
100* C in a closed reaction vessel with nmhydnn (see p 120). Ammo acids P rese ^ 
yield carbon dioxide quantitativelj under these conditions The carbon dioxide P r 
duced is transferred to the chamber of the Van Sljke-Xeill manometne appara ^ 
and there determined from the amount of carbon dioxide found, the a-ammo n ’ tr ° e ^ 
content of the sample is readily obtained, since all of the common ammo acids y> e 
1 mole of carbon dioxide (except aspartic acid, which yields 2 moles) per moe ^ 
a-amino nitrogen present Proteins, peptones, pcptidc3 (other than glutathion , 
which has a free a-amino group), and substances other than ammo acids do not rcac 
significantly This procedure is considered to be the most specific yet devised for 
amino acids 


Procedure: Removal of Urea and Preformed COj. Place 2 ml. of fresh urin 
(or urine preserved by saturation with thymol and storage in the cold) 
the all-glass reaction vessel 11 (Fig. 243) and add I drop of 0.04 per cent brorn 0 
thymol blue. 1 * If a blue color Is obtained, add 1 N sulfuric acid drop by drop 
until color turns yellow, and then 1 N sodium hydroxide until just b ue. 
If a yellow color is obtained Initially, add 1 N sodium hydroxide until ju* 
blue. Then add 175 mg. of dry phosphate buffer mixture,” 0.2 ml of a * pe £ 
cent solution of urease,” and a crystal of thymol Stopper loosely to presen 
loss of water but not of carbon dioxide and incubate overnight at 37° to 40 
After incubation add 1 drop of 0 04 per cent bromocresol green and a drop 
of capryllc alcohol. Cautiously add 5 N sulfuric acid drop by drop, wit 
gentle whirling to minimize foaming, until the solution is just jellow (P 1 
about 3), then add 100 mg of dry citrate buffer mixture.” Add several plecei 
of alundum to prevent bumping and heat to boiling over a mlcroburn« f ' 


blyke, MacFady en, and Hamilton J Bu>l them 150. 251 (1943) See a!* 1 
Hamilton and Van blyke J Biol Chtm 150.231 (1943) \ an Slyke Ddlon MacI-adyf D 
mid Hamilton ibid . HI. 027 (1941) Van Slyke and Folcli . bid 136. 509 (1910) 

M Obtainable from E Machlctt and Son New York N Y 

" bee Chapter 1 for the preparation of indicator solutions c 

•• Dry I’haiphale Buffer Uurturr Grind separately in a mortar 3 ports by weight ^ 
anhydrous monopolassium phosphato and 1 part of anhydrous disodiurn phosphate (or * 
ports of dixodtum phosphate containing 12 molecules of water) Mix the two ground eo»" 
and grind intimately together Dispense with a glass spoon calibrated to deliver 175 ± * 
mg of the powder Tins mixture produces a pH of C 2 when m solution , „ 3 

* b reuse Solution This is made from urease powder prepared as described on P 
Diwolve the powder in water in the proportion of l g to 10 ini of water Dilute this*” 
per cent solution l 10 with water before use to make the 1 per cent solution required Th* 
solution contains sufficient amino acid to produce a correction (as established by the bb" 
analysis described in the procedure) equal to several per cent of the usual amino acid con 
tent of tl e urine To decrease this correction to about one-third of its initial value, was 
tli* dry urease powder with alcohol as follows Grind 5 g. of the urease powder in a mort»r 
with 10 successive portions of 50 ml each nf R/1 ... i.. > l . i . 


with 10 successive portions of 50 ml each of 80 per cent ethyl alcohol Dry the solid residue 
(alxiut 2 5 g ) at room temperature in taeuo and use this purified material for the l**!* 1 * 
twin of the 10 per cent solution To free the urease completely from arnmo acids, the dial*** 


purification procedure of Archibald and Hamilton (J BuJ them ISO 150 (1913)) may j* 
ri! powJcf b1,ou1J be entaUishcd as described by 'an 

J Biol Ck,m 71. fiJj (192,) (See also \ an fely kc Mac! adyen. and Hamilton loc )J 
the urease splits less than 0 l its weight of urea per minute a proportionately strong* 1 
solution than t per cent should lie used 

iv*’ n'm n U3tr , ° rm<1 »*T»vrately m a mortar 2 00 g of sodium 

(Na«C*l!iOi -I C »Oj and 19 15 g of citric acid (( .If.Oi 11*0} Mix tlm two ground 
an 1 pud Intimately t< getlier I)ui*nw with a glass spoon calibrated to deliver UW - 1 - 


iwder This mixture ptoduiew a pH of 2-5 m solulion 
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Boil exactly 1 minute (no longer). Cool to below 25° C. (placing in ice water for 
three minutes is satisfactory) . Attach the short rubber connector 5 * to the side 
arm (Fig. 243), and wipe off any water from the inside ground-glass surface 
of the vessel top. 

Treatment with Ntnhydrin. Add 1 00 rag - of mnhjdrln” to the cooled re- 
action mixture with the aid of a small funnel having a short stem. Have the 
glass stopper ready with a thin film of special lubricant 5 * spread over the 
ground-glass surface, and as soon as the 
wnhydrm has been added, remove the 
funnel and set the stopper in place, with 
the hole in line with the side arm, as shown 
in Fig. 243. Immediately attach the side 
arm to a good source of vacuum (preferably 
with attached manometer) and evacuate 
quickly to 30 mm. or less pressure, shaking 
gently if necessary to minimize efferves- 
cence. When the vessel Is evacuated (10 
seconds may be sufficient time), turn the 
stopper through 180° to close off the vessel. 

Press the rubber connector flat with the 
fingers, detach vessel and connector from 
the vacuum line, and insert a glass plug 
moistened with water or glycerol Into the 
connector, trapping as little air as possible 
in the process. Tighten the stopper in 
place — it may be held more securely by a 
heavy rubber band linking stopper and 
side arm Place the closed vessel upright 
in a wire rack and immerse completely in 
vigorously boiling water for 8 minutes 
Remove, tighten the stopper again by a slight twist if necessary, and allow 
to cool to room temperature. The closed vessel may be kept for several days 
at this point if necessary, and if many analyses are to be done they may all 
be brought to this stage before proceeding. 

Absorption and Measurement of COt. Warm the contents of the reaction 
vessel to 38® to 40® C. by immersion in a beaker of water at this temperature 
for 10 minutes While waiting, deliver 2 ml of the carbonate-free 0 5 N 
sodium hydroxide In sodium chloride solution 4 * from the storage container 


“ A 5-cm length of stethoscope tubing is used (3 mm bore 12 mm outside diameter) 
before using for the first time, clean the tubes inside with a test-tube brush immerse in 
acidified water m a round bottomed flask, and boil tor 30 minutes Remove the flame, 
stopper the flask and cool under the tap The vacuum caused bj cooling draws excess 
Roses from the rubber When bubbles no longer appear, open the flask and wash the tubes 
with water One treatment suffices 

M Dispense with a glass spoon calibrated to deliver approximately the required amount 
{within 10 per cent) 

11 A lubricant which docs not leak at high temperatures must be used ISevastano AX 
heavy lubricating grease obtainable from D Machiett and Son Vow York is satis- 
factory A suitable lubricant may be prepared in the laboratory as follows Mix 35 g of 
aluminum distearste to a paste in 100 ml of heavy paraffin mineral oil Heat with con 
tinuous stirring »n a booker over a low flame to effect solution of the soap Allow to cool 
then work Up the friable gel to a smooth translucent paste on a glass plate with a atccJ 
spatula preferably with warming to 45® to 50® C 

*' Dissolve solid sodium hydroxide in au equal weight of water and allow to stand until 



Fig 243 Reaction Vessel for 
Aivhydkxn Amino Acid Method 
Courtesy Hamilton and \ an Slyke J 
B\ol Chan 150 231 <1343) 
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t i<i 214 Storage 
Container roB Alka- 
LISC SOLlHOMt, 
Hlnq with Tip Pro- 
tected ruou Atmos- 
pheric Cahbos I)i- 
GXIDL 

Courteajr 

tbUb J Hul Cktm.. 114, 
Urt (lelOi 



tic 215 Manometkic Chamber with Inac- 
tion Vessel (Cahlieb Type) Attached bct 
Not Yet Cos matted with Interior or 
Chamber 

Courts Vm H)kt Dillon MacFad} ea, and H*"* 11 
too J Bui Cktm 141, 627 (1941) 


Ilie ruUnMt aeUlr* Mamlzriliie the aupernatant solution b> pipeting 7 »nl* I** 10 
anj titrating with standard (2 N or atrongen anil 1 roin the mult, determine b'>w niUf" 
of the 1 l NaOU u rnjuirrd to make 250 ml of 0 5 N* solution kill a 250-tol. vo!umet- r,c 
Ca»k to within about 10 ini of the mark with rone* n train! CO i- free N'aCl aolutioa (di**’*'* 
250 * of *'»n iu ~Ui nil of water deaerate and atore aa descrilied on p. 715). ISpr* ’r® 
rorreet amount of 1 1 KaOH aolulton Into tl,e flank delivering it below the aurface of thf 
vail aolultoa. Add a few <lrup« of 1 per rent alizarin aolulion aa indirator, fill to the W*** 
with aalt aiJutton. ami hue Tranafer to a a tor age container (tig. 214 in teal) to protect tro' a 
alnvatilerk ear bits ilmtnle 
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equipped with a rubber tip (Fig. 244), into the chamber of the Van Slyke- 
Neill apparatus (Fig. 188), through a mercury seal in the cup (see Fig. 190 
and p. 711 for method of delivery). Seal the cup capillary with a little mer- 
cury, lower the mercury in the chamber to about the middle of the chamber, 
and close the cock leading to the leveling bulb (cock a in Fig. 245). By this 
time the reaction-vessel contents should be sufficiently warm. Remove the 
vessel from the water bath, remove the glass plug from the side arm, attach 
the rubber connector to a source of vacuum, and reevacuate the side arm for 
a few seconds. Pinch the rubber connector flat with 
the fingers, detach from the vacuum line, and at 
once attach to the side arm of the Van Slyke-Nelll 
apparatus. Fig. 245 shows the conditions prevailing 
at this point. Turn the stopcock of the reaction 
vessel and cock b of the chamber so as to connect 
vessel and chamber and permit gas to pass from 
one to the other. Transfer the CO s in the reaction 
vessel to the chamber (where it is absorbed by the 
alkali present) by repeatedly raising and lowering 
the mercury in the chamber by manipulation of the 
leveling bulb and cock a. The first lowering of the 
mercury must be done carefully to prevent bump- 
ing in the reaction vessel, and at each lowering the 
reaction vessel is shaken by hand to distribute the 
fluid along the walls. Five excursions of the mer- 
cury suffice to transfer all the C0 2 , each excursion 
taking about 10 seconds. After the last upward 
excursion, lower the mercury in the chamber to 
about the middle point, and close cocks a and b. 
Remove the reaction vessel and fill the side arm of the cock capillary of the 
manometrlc apparatus with mercury by suction from a small bottle con- 
taining mercury (see Fig. 246). 

Open cock a, raise the leveling bulb to about even with cock b , then close 
«. Open b carefully to the right-hand cup at the top, allow the gases present 
to escape through the cup, then admit mercury to the chamber through cock 
a until the fluid in the chamber just reaches the top of the chamber, at cock 
b. Close a and then b. Place the leveling bulb at its normal position (approxi- 
mately even with the 50-ml. mark at the bottom of the chamber), place a 
little mercury in the cup, and seal the cock capillary with mercury in the 
usual way. 

Through the mercury seal, add exactly 1 ml. of 2 N lactic acid in sodium 
chloride solution* 4 from a stopcock pipet provided with a rubber ring on 
the tip, a® illustrated in Fig. 190, p. 711, then seal the cock with a little mer- 
cury. By manipulation of the leveling bulb and cock a , lower the mercury 
In the chamber to the 50-ml. mark, close o, and shake the chamber for 20 to 
30 seconds. The liberated COi drives the mercury below the 50-ml. mark 
Raise the leveling bulb, open a carefully, and adjust the mercury level to thr 
50-ml. mark. Close a and shake the chamber for 3 minutes. Place the leveling 
bulb high, open a, and admit mercury into the chamber until the level of the 
fluid (not mercury) meniscus is exactly at the 2 -ml. mark on the chamber. 
This adjustment must be done In a consistent manner. Allow the mercury to 
enter through a steadily, without jerky oscillation of the chamber contents 


” Dilute I volume of concentrated lactic acid (sp. gr. 1.20) with 4 volumes of the coo- 
central e«I N'aCl solution described in the previous footnote. 



Fig. 246. Small Bottle 
of Mercury Arranged 
for Sealing Capillary 
of Manometer Stop- 
cock. 

Courtesy. Van Slyke and 
lolch. J . BioL Chrm , 136, 
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and complete the adjustment in 30 to 40 seconds If the adjustment is missed 
the first time (or for a duplicate reading) lower the mercury to the 50 mi 
mark, shake for one minute, and repeat 3V ith the fluid meniscus at the 2-mi 
mark, read the manometer This reading is pi 

Replace the leveling bulb to the normal position, open cock a, and place 
0 5 ml of 5 N sodium hydroxide solution 11 in the cup above cock b Admit 
the alkali to the chamber slowly, over a period of about half a minute, until 
only enough is left to fill the capillary beneath the cup Add a little water 
and mercury to the cup, and seal the cock with mercury If the viscous alkali 
forms a solid column in the top of the chamber, it may be broken up by ad 
muting a little mercury m short bursts Mix the alkali and ensure complete 
absorption of CO* by raising and loitering the mercury in the chamber 3 
times in short excursions, then bring the fluid meniscus to just below the 
2 ml mark on the chamber Allow 1 minute for drainage, then adjust exactly 
to the 2 ml mark Read the manometer, this reading is p» 

Calculation The pressure Pcoi due to the carboxyl carbon dioxide of the ammo 
acids present is found as follows 


Pcot *• pi — Pi — c 

where c is the correction due to the blank To establish c run through an entire analy 
sis as described above (including incubation with urease etc ) on 2 ml of water m 
stead of urine The difference between the p t and p t readings for the water blank 
analysis equals c This blank will serve to correct for small amounts of ammo acids 
which may be present in the urease preparation as well as for certain possible van 
ablcs in the manometnc measurement itself 
To obtain the amino acid nitrogen content of the sample multiply Pcot by 
proper factor, obtained from the accompany ing table 


Pcoi X factor =• mg. o-ammo nitrogen per liter of unne 

The temperature column in the table refers to tl e temperature of the water m the 
jacket surrounding the chamber at the time the p, and p, readings are made and a is 
the volume of the gas phase when the manometer is read a is ordinarily 2 ml b u * 
may lie reduced to 0 5 ml u only small amounts of amino acids are present. 

Factors »oa Lse in Calculating Mg op o-\mino Nitbogen feb 
Liteb op Lbine 
(Sample \ollue — 2 Ml) 


lo , 0 802 
!C 0 7 jS 

17 I 0 7 ja 

18 j 0 7J2 

U | 0 7SJ 

20 0 786 

21 0 782 

22 0 "SO 

23 , 0 776 

24 0 773 


a = 05 


0 2010 
0 2002 
0 1904 
O iJSo 
0 IJ 77 
0 1000 
0 U6t 
O !Jo 3 
0 191 «* 
0 1938 


Temperature 
• C 


2o 

20 

28 

29 

30 

31 

32 

33 

34 


a = 2 0 j a - 05 

1 OilO 0 1930 

0 767 0 1023 

0 704 1 0 1910 

0 762 [ 0 1 J 0 S 

0 7 o 8 0 1901 

0 7 o 6 ' 0 1894 

0 ~o2 0 18S0 

0 7 o 0 I 0 187 J 

1 0 747 j 0 1872 

] 0 744 0 1806 


Ml! 1 volu am of 1 1 \aOII •oluuoo with 3 vclmxm of water 
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Interpretation. The a-amino acid nitrogen content of normal urine 
appears to make up about X per cent (or possibly even less) of the total 
unnary mtrogen, corresponding to a daily excretion of 100 to 150 mg of 
a-amino mtrogen Results by other methods, e g , the nitrous acid method 
of Van Slyhe and lurk, 6 ’ the forraol titration procedure (see following 
method), and the copper titration procedure of Albanese and Irby, 63 tend 
to be either slightly or significantly higher than results by the mnhydcm 
procedure descnbed here, presumably because of differences in specificity 
for a-amino mtrogen Little is known concermng the significance of normal 
or pathological variation in amount of unnary a ammo nitrogen Excre- 
tion may be largely increased in disorders associated with tissue waste as 
typhoid, in pronounced atrophy of the liver, acidosis, etc 
Microbiological assays for individual free amino acids m human unne 
show a preponderance of histidine, cystine, and glycine, average daily 
excretions being 150 to 250, 60 to 110, and 120 mg , respectively Threo- 
nine, 50 to 60 mg , and lesser amounts of other ammo acids are also 
found 61 Glycine, glutamic and aspartic acids, and lysine are also found 
in conjugated form 


2 Henrtques-Sflrensen Formol Titration Method 85 Principle A solution 
containing amino acids is nearly neutral in reaction If formaldehyde be added how 
ever, a reaction takes place with the formation of derivatives which are more strongly 
acid in reaction due to the destruction of the basic properties of the amino groups (see 
p 130 for discussion and equations) The carboxj 1 groups may then be titrated using 
phenolphthalein as an indicator The acidity as shown b> the titration is a measure of 
the amount of amino acid mtrogen present Ammonia likewise reacts with formnldc 
hyde in a similar manner as is shown in the following equation 


4Nn«CI + 6 CH,0 - N«(CH,) e + GH,0 + ^HCl 

Hence the formol titration in the presence of ammonia gives results which include 
both ammo acid and ammonia nitrogen Ammonia may be deterramed and a correction 
applied or the ammonia may be removed by means of phosphotungstic acid Phos 
phates also interfere by obscuring the end point and are remov ed by the addition of 
barium salts Polypeptides and still more complex protein derivatives likewise react 
with formol to a certain degree so that the results do not strictly represent amino 
acid nitrogen " 

The method is, with some modifications inv olving the preparation of the solution to 
be titrated, applicable m the determination of ammo acids in nn> medium, e g , 
unne, protein digests,** etc The presence of buffers or poorly dissociated acids, e g , 
some fatty acids, will tend to give values which are too high Certain of the amino acids 
when present in large amounts will give erroneous results, but in the ordinary urine 
or digest these errors are either negligible or compensate each other In the titration 
of colored solutions the control solution vv Inch is necessary in this method must be 


M^ nS1>ke and Ivirk J Btot Chem 102 6ol (1933) 

Ubancse and Irb> J Biol Chem 153 6S3 (1914) 
vi ^ u , nn ^ amien Shankman and Block Arch Bxochcm 13 -07 (1047) Gutman and 
Alexander J Biol Chem 168 527 (194<) Christensen Cooper Johnson and Lynch «t>ni 
Sheffner hj/sner and 1 aimer H>ul 17S 107(1918) 

Hennques and Sorensen 7 phutuA Chem c>4 120 (1909) See also Northrop J Cen 
I hu*xol 9 707 (1020) 

** Northrop («/ Gen Phytiol 5 707 (1920)) has improved the formol UtraUc n by titrating 
r»t to pH 7 with neutral red as the indicator then adding formaldehjde and titrating 

to pI1 9 with phenolphthalein 
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colored to correspond v ith the color of the unknow n solution The accuracy o 
formol titration l<j consult rably improved by controlling the final pH adjustmen 
titration potcntioraetncally 

Procedure. The solution to be analyzed, if carbonates, phosphates, and 
ammonia are absent. Is made neutral to litmus (paper) and the so u ® 
titrated with formaldehyde as below ,J In case carbonates, phosphates, 
ammonia are present a preliminary treatment is necessary which wl va 
according to the quantity of ammonia present . 

(a) For Small Amounts or Ammonia Applicable to most urines Fifty 
of the material under examination are pipeted into a 100-ml measurin 
flask and 1 ml of phenolphthalein solution** and 2 g. of solid barium cbl 0 ^ 
are added, the whole is shaken, to saturate the solution with barium c o 
ride, saturated barium hydroxide solution is added until the red color of t * 
phenolphthalein develops and then an excess of 5 ml is added The flas * 
filled to the graduation mark with water, shaken and permitted to stand o 
15 minutes, after which it is filtered through a dry filter Place 80 ml. olt * 
clear red filtrate (which corresponds to 40 ml of the liquid under exam ns* 
tion) in a 100 ml. measuring flask, neutralize to litmus and dilute to 
ml with freshly boiled water Equal portions of this solution, 40 ml (equiva 
lent to 16 ml of the original solution), may be taken for analysis, one for t « 
formol titration and the other for the determination of ammonia nitrogen 
(b) For I arge Amounts of Ammonia After the treatment with pheno 
phthaleln, barium chloride, and barium hydroxide, and after the solution ba» 
been diluted to 100 ml as in (a) above, the ammonia is distilled oil, in vacuo 
In case the solution Is deeply colored, as in protein digests, it may be necet- 
sary to decolorize” before the titration is attempted 

Final Titration. For the final titration a volume of from 20 to 40 ml which 
contains approximately 25 mg of nitrogen is the most desirable A control 
solution is run composed of an equal volume of boiled distilled water an 
20 ml of the formaldehyde mixture 71 This control solution is colored 1 * 60 
that its tint matches that of the solution to be titrated. 

To this control is added about half the volume of 0 2 N alkali which win 
be used in the titration of the solution under Investigation and it is then 
titrated with 0 2 N acid to a faint red (first stage) 74 

An additional drop of 0 2 N alkali is added, which imparts a distinct red 
to the solution (second stage) 

17 As a standard of comparison the litmus paper used tor neutralization is contrasted W* 
s similar piece dipped in a phosphate solution having a neutral reaction (M/15 KH.rOi an 
M/15 Nailli O. m the proportion 40 CO) 

*» V solution of 0 5 g of phenolphthalein in 50 ml of alcohol and 50 ml of water 
** The determination of ammonia may be dispensed with in case a separate determina- 
tion is made 

’* For particulars with regard to the distillation etc see Hcnnquea and foi>re os«o 
£ pAj/«u4 Chrm 44. 137 (1009) 

M For methods see lessen Hansen Abdrrhalden • Arbnlimelhtxlm Vol 6 p 202 1912 
7 » The formaldehyde solution is freshly prepared for each set of determinations M 
follows to 50 ml of commercial forn aldehj de (formol) (30 to 40 per cent) add 1 ml of tt • 
phenol phthalem solution 0 2 N alkali is then added until the mixture acquires a faint reo 
c« lor The volume of the formaldehyde used will vary with the volume of the solution to 
be anal j zed approximately 10 ml of the formalin v lution are added for each 20 ml of 1M 
unknown solution 

"botulion of Uismarck l rown is very satisfactory for urines. Tropeolm O tropecdm 
, phenol met! >1 orange or alizarin sulfonate may he used . 

‘ Tl is procedure u recommended in orler that the final volume of the control and *«• 
unknown sol u In ns shall l«e spf roxlmately tie same when the process is complete 
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The solution to be analyzed is now titrated to the color produced in the 
second stage of the control The formaldehyde mixture is now added, 10 ml 
for each 20 ml of the solution, and the mixture again titrated to the second 
stage with 0 2 N alkali * 

Two drops of the 0 2 N alkali are now added to the control solution which 
assumes a deep red color (third stage) 0 2 N alkali is now added to the solu- 
tion under examination until it assumes a color corresponding to the third 
stage of the control This completes the titration 
Calculation The calculations are similar to those which pertain to any aciduuetry 
procedure Each ml of an 02 N alkali or acid solution is equivalent to 0 0028 g of 
nitrogen An example vv ill illustrate the procedure 40 ml of solution (16 ml of urine) 
required 5 10 ml of 02 N NaOH, control 0 10 ml of 0 2 A 'NaOH total required for 
ammo acids 5 00 ml equivalent to 0 014 g of nitrogen Ammonia nitrogen m lb ml 
of unne, 0 007 g of N Then 0 014 — 0 007 = 0 007 g ammo acid nitrogen in 16 ml 
of urine 

Interpretation, The excretion of total amino acid nitrogen by a nor- 
mal adult, as determined by this procedure av erages betw een 0 4 to 1 0 g 
per day or from 2 to 6 per cent of the total nitrogen Free amino acid 
nitrogen (see previous procedure) is considerably less than this, ordmanij 
0 5 to I 0 per cent of the total nitrogen This discrepancy is due to the 
relative nonspecificity of the formol titration For further aspects of 
interpretation, see preliminary discussion, and also previous procedure 

3. Other Methods. Folm proposed the colorimetric determination of 
ammo acids in urine by reaction with naphthoquinone sulfonic acid, 74 
after preliminary treatment of the urine with Permutit to remove am- 
monia, which interferes Although this color reaction is sufficiently re- 
liable for its use m the determination of blood ammo acids where inter 
ference by ammonia does not arise, the procedure is not recommended for 
unne analysis since the Permutit treatment removes some of the amino 
acids as well as ammonia A more satisfactory procedure for removal of 
ammonia might render the method applicable to unne Albanese and 
Irby’ 7 have proposed a simple titrimetnc method for the determination 
of urinary amino acid nitrogen, their procedure appears to have approxi- 
mately the specificity of the formol titration For details of the nitrous 
acid reaction for urinary ammo acids, see Van Slyke and Ivirk 74 

CREATININE 

Folm’s Method Principle This method is based upon the characteristic property 
possessed by creatinine, of yielding a certain definite color reaction in the presence of 
picric acid in alkaline solution This reaction (Jaffa reaction) is due to the formation of 
a red tautomer of creatinine picratc * The production of tins tautomer is 1 dependent 
upon the formation of a salt, a keto~enol change w itlun the creatinine molcculi , and a 
change in the picric acid molecule involving the hydrogens in the meta positions and, 
probably all three mtro groups ’ 44 


’* This is best accomplished by adding alkali until the color is deeper than that of tho 
control then acid again until lighter anil finally alkali to the desired color 
** This procedure is described for ammo acids in blood Seo p 5t>5 
17 Albanese and Irby J Biol Chem. 155 5S3 (1944) 

** Van Slyke and Ivirk J Biol Chem. 10 Z, f>ol (1923) 

7 * Greenw aid and Gross J Biol Chem. 59 001 (1924) 

M Grecnwald J Am. Chem Soc 47,1443(1925) J Biol Chem. So 103 (192S) 
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In the original I 1 olm macromethod,* 1 10 rnl of urine are used for a determination, 
color is developed at a final volume of 500 ml , and comparison is made v isually agai 
an artificial standard (0 5 N potassium bichromate solution) under rigorously de 
conditions The Folia micro modification described here is preferred because i 
quires less urine, is based upon comparison against standard creatinine solutions, an ^ 
is therefore more flexible and accurate, and is adaptable to either colorimetric o 
photometric, measurement ** 


Procedure. . 

(a) ion Colorimetric Comparison Measure 1 ml. of urine Into a 100-m 
volumetric flask, and in a second similar flask place 1 ml. of the standar 
creatinine solution,** containing 1 mg. of creatinine per ml. To each fla* 
add 20 ml. of 1 per cent picric acid solution** (measured with sufficient ac- 
curacy from a graduated cylinder), followed by 1.5 ml. of 10 per cent sodium 
h>droxlde solution. Mix gently and allow to stand 15 minutes. Dilute to t e 
mark with water and mix by inversion. Compare standard against unknown 
in the usual way, setting the standard at 20 mm. 

(b) Fob Photometric Measurement Measure 0 5 ml. of urine into a 100*® 
volumetric flask and add 0 5 ml. of water. In a second flask, which serve* 
as a blank, place 1 m! of Mater. To each flask add 20 ml. of 1 per cent picric 
arid solution, followed by 1 5 ml. of 10 per cent sodium hydroxide solution 
Mix gently and allow to stand 15 minutes. Dilute to the mark with « lef 
and mix by Inversion Transfer portions of blank and unknown to photometer 
cuvettes. Set the photometer to zero density with the blank, at 520 rath 
determine the density of the unknown. Alternately, the photometer may be 
set to zero density with water, and the densities of both blank and unknown 
determined The density of the blank is then subtracted from the measured 
density of the unknown, to obtain the true density of the unknown. 

Calculation For colorimetric measurement 

Reading of Standard mg creatinine mg creatinine in volume 

Heading of Lnknown in Standard of urine analyzed 

" a unne v olume of 1 ml , and a 1-mg. standard the result of the calculation g>* ** 
the creatinine content of the unne directly in mg per ml or g. per liter trines con- 
taining 075 to 1 25 g. of creatinine per liter (i e the standard and unknown read 
within a few mm of each other) may be accurately determined with the 1 mg- ‘dan* 1 
ard described lor values outside this range the calculation is not accurate bccaiM* 
of the deviation from Beers law shown by the Jafff reaction for creatinine In « ucb 
cases the determination must be repeated using less or more unne as the case may l*- 
to provide a portion of sample containing approximately I mg. of creatinine " l,rn 
this is done differences in volume between standard and unknown lx fore adding 


•« Kuliu J Hud CA cm , 17. 409 (1914) 

•• tw stu lie. on the photometric determination of creatinine by the JafTA reaction ** 
•“ d T *Ti y r / CKtm 158 Ml (1Wi > I’eter. J Dud CKtm I*. 

(1912) The use of 3 r ^dmUroben*o.c acid for the colorimetric determination of creatim** 
ha» Ueeli proposed by benedict and Behre J Hud CKtm lit ill MOV.) and LaosJO 
and I. van* tW 1 IS, 333 (193C) ’ 

•* Ste-uiord Crutirnne SoluJum Di~oKe 1 g. of pure dry creatinine in sufficient 0 l ^ 
b> dr ocLloric and to make 1 bter and mi* wdl This solution contains I mg- of creatinine 
per mi. and u staUe indefinitely i’ure creat.mne may be purchased from laboratoO 
supply liorn*. or may be mad. from urine by Benedict a method (see p fcOO) CreaUW*£ 
‘iae thlorid. may U u-d in place of creatinine in which cm 1 Cl g. of the creatinine-**®* 
thl xuU salt is used per liter of 0 I \ acid to pve the standard solution containing I 
of rreeUnina ml 

“ poufie.1 picric acid (see A; pendix) Keep in a dark bottle. 
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{itcrtc acid must be equalized by the proper addition of water to one or the other as 
required The further procedure and the calculations are as described For very dilute 
urines (creatinine content less than 0 2 g per liter), the Shaffer modification of the 
Folin procedure may be used 84 

Foe photometric measurement the creatinine content of the unknown is established 
from its photometric density by reference to a calibration curve showing the densities 
for known amounts of creatinine determined by the procedure described Direct calcu- 
lation of results m terms of Beer’s law is 
not \ alid m this procedure because of the 
lack of adherence to Beer’s law over the 
concentration range in question 
To prepare a calibration curve, meas- 
ure 0 0, 0 25, 0 50 0 75, and 1 00 ml 
portions of standard creatinine solution, 
containing 1 mg per ml , into separate 
100-mi \oIuinetnc flasks (preferably in 
duplicate) Add water, where necessary 
to bring each to 1 ml volume, and treat 
with picric acid and alkali exactly as 
described under '‘Procedure for Photo- 
metric Measurement,” abo\e Determine 
the densities for each of the standards 
using the first or blank solution to set the 
photometer to zero density, or set the 
photometer to zero density with water 
and subtract the determined density of 
the blank from that for each standard to 
obtain the true densities of the standards 
On a sheet of ordinary cross-section paper, 
plot the density of each standard on the 
y axis against the amount of creatinine present, m mg , on the x axis Draw a smooth 
curve to include all the points A curve similar to that shown in Fig 247 will be 
ob tamed 

The amount of creatinine present in an unknown is obtained by reference to the 
curve If 0 5 ml of urine is used in an analysis, the result from the curve gives the 
creatinine content m this volume of sample Multiply by 2 to obtain the creatinine 
content in mg per ml or grams per liter 

The spcctrophotoinetric characteristics of the creatinine color are shown in Fig 248 
At 520 mji and m a 1-cm cuv ette the densities for v anous amounts of creatinine have 
approximately the values indicated m Fig 247 Any crcatmiae content up to about 
2 g per liter may be accurately determined under these conditions For higher values 
or for photometric measurement at greater depth of solution the urine should be 
diluted, a portion of the diluted sample used for analysts and the creatinine content 
as read from tha curve multiplied by the dilution to obtain the true creatinine content 
of the original undiluted urine 

The sources of error in the use of a previously prepared calibration curve have 
been discussed in Chapter 23 For accurate results the curve should be checked at 
intervals and reconstructed if necessary In an analysis ex cry effort should be made 
to have the conditions as nearly identical as possible w ith those prevailing at the tune 
the curve was established, the time of standing (after adding the alkali and after 

“Shaffer J Biol Chem 18 , 525 (1014) 



Fig 247 Ttpicae Calibration Curve 
fob Photometric Determination of 
Creatinine in UniNE 
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diluting) and the room ton prr.it ure arc particularly important in this connection. 
The curve should be checked or reestablished with each new lot of picric acid 

Interpretation. The daily excretion of creatinine by normal adults 
ranges from about 1 0 to 1 8 g , under certain conditions it may be con- 
siderably higher ** The value is nearly constant from day to day for s 
given normal individual, being influenced by the diet only to the extent 
that the diet itself contains significant amounts of creatinine, as in the 
case of a heavy meat diet Creatinine excretion is not influenced by 
exercise or by the level of nitrogen metabolism in the body Creatinine 
appears to l>c entirely a waste product, unutilizablc by the body, and 
excreted almost if not entirely quantitatively when ingested or injected- 
The relative constancy of creatinine excretion on a crcatimnc-free die 



Wavelength (nya) 


Fig 248 Abkoiu-tion Hplctra of Colored 
bOLcnosB Obtained ln Urinary Crevtlninb 
Method 

For the alkaline. picratc blank ( bl ) blank plus 
0 lo ing. (a) and 0 50 mg (fc) of creatinine Solu 
tion depth 1 cm 


orpMmn Vr re A ec t ^somc constant metabolic process involving the bod} 
Sl ja 1 " " h,ch cr eatinme is almost certainly derived), but the 
X of this process is still obscure (see p 797 for further discussion) 
he too nre«^ rC i C fe {8 n, ^eance of a constant creatinine excretion canno 
evaluated Sl "«> the bulk of the creatine of the body * ■" 
IndThTlm’ h f e r 13 a roUBh '“"elation between the creatinine excretion 
«d, ,5, r , mUSCukr ■" the body, for example, obese indl 

~ e S,. l S creatinine relative to their body weight than do thin 
wenzht is [ nn m ^ of mg of creatinine excreted dally per kg of bod* 
30 Some in, <*ealimne cocjficient It has a normal range of 19 t 
numlier of me rf^ °7 deilgIlatc the crealimne coefficient in terms of th c 
the normal range d "'* : ^ '*'***"“* 

atrorihvamfm” 1 '*! 011 1S decreasc<l > n disorders associated with muscular 
him aL in taT ' " eaLnei,s K "“h increased tissue catabo- 


BvxUm 1425 (1039) 
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CREATINE 

1. Folin Method Principle. Creatine on boiling with acid is transformed into 
creatinine By determining the creatinine content before and after treatment with 
acid (picric acid is used here), the amount of creatine present may be obtained by 
difference The method is not applicable to diabetic urmes, since acetone and glucose 
interfere 

ProcedureJ s Measure the urine (I ml. for colorimetric measurement, 0.5 ml. 
for photometric measurement) into a 300-ml. flash. Add 20 ml. of 1 per 
cent picric acid solution and a few small pebbles or pieces of alundum. Weigh 
the flask and contents on a rough balance to the nearest gram Add about 150 
ml. of water and heat to boiling. Boil gently for 45 minutes, then more rapidly 
until the volume has been reduced to somewhat under the original volume of 
urine plus picric acid solution, ns established by weighing. Add sufficient 
water to the flash to restore the original weight, within about a gram Cool 
to room temperature (this is important). Add 1.5 ml. of 10 per cent sodium 
hjdroxide solution, and mix. Let stand 15 minutes. Rinse into a 100-ml. 
volumetric flask, dilute with water to the mark, and mix For colorimetric 
measurement, compare against a standard creatinine solution, containing 
1 mg. of creatinine, prepared in a second 100-ml. volumetric flash as described 
on p. 900 for the determination of urinary creatinine. For photometric 
measurement, determine the density (corrected for the picrate blank) as 
described on p. 900, and obtain results from a calibration curve, as described 
below 

Calculation’ For colorimetric measurement 

Reading of Standard mg creatinine _ mg “total” creatinine 
Reading of Unknown in Standard “ m voi of urine used 

From this, the “total ' creatimnc content per liter or m the 24-hour sample may bo 
obtained Subtract [rom the “total” creatinine value the preformed creatinine con- 
tent, determined separately as described on p 000, to obtain the creatmc content 
(expressed as creatinine) 

(Total creatinine — Preformed creatinine) = Creatine (as creatinine) 

To convert creatine expressed as creatinine into the amount of creatine itself, multi- 
ply by 1 16 


(Total creatinine — Preformed creatinine) X 1 16 = Creatine 


The same precautions concerning close agreement between standard and unknown 
that are emphasized in the determination of urinary creatinine arc applicable hero 
The total creatinine content of the sample should not be greater than about 1 25 g 
per liter, when a 1-mg standard is used If it is higher than this, repeat the analysis 
using less urine, or an aliquot of diluted urine 


For photometric measurement from the determined density of the unknown (cor- 
rected for the picrate blank), obtain the 'total” creatinine content of the volume of 
urine used b> reference to a calibration curve as described on p 901 for the photo- 
metric determination of urinarj creatinine (the same cun e maj be used) Determine 
the creatine content as described abm e, by subtracting from the “total” creatinine 

" 1 olin J Biol Chrm 17. 409 (1914) 

" Tho rivRenta require 1 are those used for the determination of urinal) creatinine 
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content the amount of , reformed creatinine present determined separately If ^ 
phot/ metnc density of the i ncnoan is bejoad tl e Lmits of tL<* ca0 ratwa carve, 
repeat tl e anal) ‘J L- ng la* un«e 

Interpretation* Creatine occurs onlj in ‘mall amount (approxuc-* ® 
range 0 to 200 mg- per da> ) m the unne of normal adults, but is found m 
larger amounts in the unne of children. More creatine is found in * 
unne dunng actmt\ than Ahtn at re..t. Hobson** found “Ugni* 
creatinuna On one instance 14 g. per daj ) in the case of adult 
athlete? in training, on a high carboht dratc diet, decrease in carboht dra^ 1 
intake re.-mlted m a markedh decreased excretion of creatine Hban^ 
and ttan^tnn” found tigmficant amounts oi creatine in the unne of •> 
normal adults, with no differences bet ieen .sexes According to the=e in- 
\e~ti»*itors earlier vie* otliat creatinuna is not found m normal adults arc 
pos. lblj due to technical difficulties in the analysis 

Increased creatine excretion is noted in pregnancy in fasting, and afte' 
high water indention V significant creatinuna is noted in man) pstn O' 
logical conditions associated Aith malnutntion and diaintegrat on 
muscular tn«uc etc In e e.‘tion of creatine bj normal adults does rot 
crease the creatine content of the unne i c the ingested creatine is tots - 
plctclj retained. In certain pathological conditions hoA-e.er notablv 
progrey i»e muscular dj trophx this abihtj to retain m^ted ereatire 
impaired ar d extra creatine appears in the unne after a te?t do=e This ^ 
the ha>is fr r the crcaime l/Amint* leti ** which is sometimes used thnicalre 
for dt-iTrifulif; niirrvw 
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URIC ACID 

1 Direct Colorimetric Method of Benedict and Franke ®* Principle The 
diluted urine is treated directly with arseuophospliotuugstic acid reagent and sodium 
ejamde The blue color obtained is compared with that of a standard uric acid solu 
tion treated in the same way This method is known to be somewhat nonspecific for 
uric acid, as are all direct methods (sec discussion under the other methods de 
scribed m this section) but is believed to be quite satisfactory for mnn> purposes 

Procedure 97 The urine" is so diluted that 10 ml will contain between 0 15 
and 0 30 mg of uric acid (Usually a dilution of 1 to 20 is satisfactory ) Ten 
ml of the diluted urine are measured into a 50 ml volumetric flask, 5 ml 
of the 5 per cent sodium cyanide solution (poisonous') are added from a 
buret, followed by 1 ml of the arsenophosphotungstic acid reagent The 
contents of the flask are mixed by gentle shaking, and at the end of 5 minutes 
diluted to the 50 ml mark with distilled water and mixed For colorimetric 
measurement, this blue solution is then compared with a simultaneously 
prepared solution obtained by treating 10 ml of the standard uric acid solu 
tlon (0 2 mg of uric acid) la a 50 ml flask with 5 ml of the sodium cyanide 
solution, 1 ml of the reagent, and diluting to the mark at the end of five 
minutes For photometric measurement, determine the densities of un- 
known and standard at 520 mp, setting the photometer to zero density with a 
blank solution obtained by treating 10 ml of water in a 50 ml flask with 
cyanide and reagent exactly as described for unknown and standard 

Calculation For colorimetric measurement 

Reading of Standard D , 

ot Unknown X 02 X 15 “ um aad content oftho urrne ms perltter 

D is the dilution (usually 20) of the urine For most accurate results the standard and 
unknown should read within a fen min of each other If they differ significant!} 
repeat the analysis using a greater or lesser ddution of the urine as required 


M Benedict and Franke / Biol Chem 52 387 (1922) For a modification of tins method 
claimed to be superior see Christman and Rav witch J Biol Chem 95 115 (1932) V 
photon etric \ ersion of the Christman Rav witch procedure is used in the uncase pro- 
C 1 ^ 0 ° of Buchanan Block and Christman described in the text (p 907) 

’ Solutions Required for Uric Void Detern ination 1 Reagent The reagent employed 
ia the one used in the Benedict procedure for the direct determination of uric acid in blood 
(Bcnedct J Biol Chem 51 1S7 (1922)) and is prepared as follows 100 g of pure sodium 
tungstate (preferably Merck s or J T Bakers C P product) are placed in a liter pyrex 
flask and dissolved in about 600 ml of water Vow add 50 g of pure arsenic acid ( Vs Oi) 
followed by 25 ml of 85 per cent pi asphonc acid and 20 n 1 of concentrated hydrochloric 
acid The mixture is boiled for about 20 minutes cooled and diluted to 1 liter Tl e reagent 
appears to keep indefinitely 

2 Sodium Cyar ufe V 5 per cent solution of sodium cy ai ide containing 2 ml of con 
centra ted NIRO If per liter which should be prepared fresh once in about 6 to ” weeks 

3 tTrfc Acid A standard solution of uric acid acidified with lydrochlonc acid con 
taming 0 2 nig of uric acid in 10 ml is employed This solution may bo readily prepared 
by dilution of Benedict a phosphate standard uric acid solution describe 1 in connection 
with tho Newton unc acid n ethod for blood (see p 563) Measure oO nl of U o pf o j hate 
standard solution (con tan ing 10 mg of uric acid) into a 500-ml volumetric flask and dilute 
to about 400 ml with distilled water Vd 1 25 ml of dilute lydrochlonc acid (made by 
diluting 1 volume of tl e concci trated acid with. 9 volumes of water) and dilute tl e solution 
to 500 ml and nux This dilute standard solution should be prepared fresh from tl o pi os- 
pi ate standard every 10 days to 2 weeks 

99 Uric acid tends to I rocipitato out of umic on short standing j orticutarly if tl e urtno 
is concentrated or acid Vi aly mts shoul 1 tl ereforo be earned out as soon as j ok. il le after 
ol l inning tl o urine and on tl e well mixed sample otl orwiso results will be mtJeadu g 
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For pholon etnc measurement 

Density of Standard x02 x — = uric acid content of the unne, in g per htcr 
Density of Unknown 10 

As above D is the dilution of the urine The spcctrophotometnc characteristics oi 
the uric acid color are shown in Jig 249 Ato20mp and in a 1-cm cuvette, the Stan 
ard has a density of approximately 0 300 Agreement with Beer s law is satisjac ry 
only at a unc acid content about equal to that of the standard tor higher values ^ 
for photometric measurement at greater depths of solution carry out the ana >sis o 
a greater dilution of the urine For more accurate results prepare a calibration curv 
as described for the following method (p 908) 



Fig 249 Absorption Spectra op Colored 
Solutions Obtained in Benedict Fiianke 
Method for Uric Acid in Urine 
For standards containing 0 2 mg (a) and 0 4 
mg (b) of uric acid Solution depth 1 cm 

Interpretation. Tor adults on a mixed diet the average excretion o 
unc acid is about 0 7 g It arises from the punnes of ingested food (exog^" 
nous unc acid) and from punnes derived from the body tissues by dis- 
integration of nuclear matenal (endogenous unc acid) This distinction 
between two metabolic sources of unnary unc acid first postulated by 
Folin many years ago, appears to be confirmed by more recent work based 
on the use of isotopes *• Exogenous unc acid depending entirely upon the 
diet is greatly increased by the ingestion of punne-nch foods (meat, h>cr, 
sweetbreads etc ) and reduced to a very low level on punne-free foods 
e g , milk eggs etc (bee table, Chapter 33) Endogenous unc acid « 9 
influenced by exercise and by the diet (protein foods particularly giving 
nsc to increases) It appears to be partly the result of gastrointestinal 
bccretory activity On a punne free diet the average excretion is 0 1 to 0 o 
g On a high punne diet the unc acid output may be 2 g per day 
In gout the unc acid content of the unne is low preceding an attach 
and increases dunng the attack this fall and nse being more or less 
charactenstic The excretion nses after cincophen administration, appa*' 
ently because of increased kidney activity, and after the administration ot 


Plentl and Schoenheimer J BuH Chem 13$ 203 (1944) 
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ACTH In leukemia the excretion is extremely high due to nuclear de- 
struction The unc acid content of the unne is of importance m relation 
to the formation of unc acid calculi The administration of alkali car 
bonates and citrates by decreasing the acidity of the unne increases its 
solvent power for unc acid, and decreases the possibility of the formation 
of this type of calculus 

2 Unease Method of Buchanan B/ocfc, and Christman 100 Principle The 
color intensity resulting from the application of a unc acid color reaction directly to a 
portion of the diluted urine is determined photometrically V second portion of urine is 
incubated with a preparation of the enzyme uncase which specifically destroys urn* 
acid, and the unc acid color reaction applied to this incubated sample The difference 
in color value before and after treatment with uncase is considered to be a measure of 
the true uric acid content of the unne 

Procedure 

(a) Total Color Transfer 5 ml of unne to a 250 ml volumetric flask, di- 
lute with water to the mark, and mix Transfer 10 ml of this diluted urine 
to a 50 ml volumetric flask and add 15 ml of water In a second similar flask 
place 25 ml of water, this serves as a photometric blank To each flask add 
2 5 ml of urea cyanide solution, followed by 1 ml of arsenophosphotungstic 


104 Buchanan Block and Christman J Biol Chem 157 1S1 (194o) For a similar pro- 
cedure see Schaffer J i Bid Chart ISS IG3 (1944) 

101 Reagents Required tfroi Cyanide Solution Dissolve 25 g of pure sodium cyanide 
and 50 g of anhydrous sodium carbonate m 400 ml of water Cool add 7o g of pure urea 
and dilute with water to 500 ml This solution is usable for several months even though a 
slight precipitate will settle out on standing It w extremely poisonous and must be handled 
cart fully 

Arsenophospholungstic Acxd This is the same reagent that is used in the Benedict Franke 
method (see p 905) 

Unease Powder Remove the superficial fat from 5 pounds of fresh beef kidneys and 
gnnd in a meat-chopper Transfer to a large wide-mouthed bottle and wash by running 
m cold tap water slowly through a tube reaching to the bottom of the bottle until the 
supernatant fluid is quite clear and colorless Homogenize small portions of the resulting 
material in a Waring blendor with an approximately equal weight of benzene To the 
combined total homogenate add 2 volumes of cold acetone Allow the precipitate to settle 
filter through cheesecloth or a towel and squeeze dry Suspend the solid material in about 
three times its weight of acetone allow it to settle and again filter off Repeat until the 
resulting powder is thoroughly dehydrated and defatted Spread the material on towels 
and allow to dry jn air overnight Screen the powder through a 40-mesh sieve and store 
in a v acuum desiccator 

This powder should give no blank color when carried through the incubation procedure 
and subsequent color reaction described in the text To test for acliiity prepare a special 
litlium caibonatB solution of unc acid containing 1 g of unc acid and 0 6 g of lithium 
carbonate per liter by following tl e procedure described on p 5G0 for the preparation of 
the Folm stock unc acid solution up to but not including the addition of formaldehy de and 
sulfuric acid which if present will interfere with uncase activity Each ml of this solution 
contains lug of unc acid Incubate 3 to 4 ml of this solution with 250 ing of the uncase 
powder borate buffer etc and continue with the color reaction os for tl e analysis of an 
Unknown If the uncase is active no residual color will be obtained The special lithium 
carbonate standard is unstable and must be made up fresh on the day of use 

Slarularl Uric lad Sol turn The Folm stock standard solution is Used containing 1 mg 
of utvo acid per ml prepared as described on p 5GO in connection with the determination 
of uric acid in blood Suitablo dilutions of this stock standard are used in the j reparation 
of tl e calil ration curv c as described in tho text Dilute standards are unstable and n ust 
be prepared fresh on tho da> of Use 

Borale Duffer (pH O 2) Dissoli o 12 4 g of boric acid m I liter of 0 1 N sodium by <1 rondo 
solution. 

10 Per Cent lodt tm Tungtlalt 0 CtJ \ Sulfuric And, The same reagents u«ed in the 
preparation of Folm \\ u blood filtrates (see p. 543) 
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acid. Both of these reagents are extremely poisonous; they should be handled 
with care, and always dispensed from burets. Immediately after the addition 
of the arsenophosphotungstic acid, dilute the contents of the flask to t 
50-ml. mark with water and mix thoroughly. Allow to stand for exactly 
minutes after so diluting (in serial anal>ses a suitable time schedule shou 
be established), then determine the density of the unknown In a photometer 
at 690 m>i, setting the photometer to zero density with the blank. 

(b) Risidual Coloil Place 5 ml. of the original undiluted urine In a sma 
flask, add 10 ml. of water and a few drops of 0.04 per cent thymol blue solu- 
tlon as Indicator. Titrate with 0.1 N sodium hydroxide solution to a definite 
blue tint. Record the amount of alkali required, and discard the mixture. 
Transfer a fresh 5*ml. portion of the urine to a 50-ml. volumetric flas » 
and add the predetermined amount of alkali (without indicator). Add 2b 
mg. of urlcase powder, 5 ml. of borate butter (pH 9.2), and wash do^wn l e 
sides of the flask with 10 ml. of water. Place in a water bath at 45® C. f° r 
2 hours. Add 1 ml. of 10 per cent sodium tungstate and 1.5 ml. of two-thlr » 
normal sulfuric add. Dilute to 50 ml, with water, mix well, and pour onto a 
dry filter. Transfer 10 ml. of the filtrate to a 50-ml. volumetric flask, add I 
ml. of water, and continue with the addition of the color reagents and meas- 
urement exactly as described above for “Total Color” procedure. The same 
reagent blank may be used for setting the photometer to zero density, or a 
5- ml. portion of water may be treated with uricase, butter, etc., as describe 
for the analysis of the urine, and the final solution after treatment with the 
color reagents used as a photometric blank. 

Calculation 

a Total Color Value Determine the amount of uric acid in mg equivalent to the 
photometer reading of the total color sample by reference to a calibration curve (see 
below) Multiply this by 5 (since the 10 ml of urine diluted 1 50 represents 0 2 mi 
of original urine) to obtain the uric acid content for the undiluted urine equivalent to 
the total color, m mg per ml (or g per liter) 

b. Reeulual Color Value In a similar way determine the uric acid content equivalent 
to the residual color, the value in mg obtained from the calibration curve gi'** 
directly the residual color equivalent of the original urine in mg per ml , or g P* f 
liter, since 10 ini of urine diluted 1 10 arc used 

c True Unc And Content buhtract the ‘residual color" value from the “total 
<'olor" value, to obtain the true uric acid content of the urine 

Total Color — Residual Color «= True uric acid content 
(as unc acid) (as unc acid) (in g per liter) 

Vlultiply the result by the urine volume (expressed m liters) to obtain the unc acid 
:ontcnt of the entire sample 

Other dilutions and aliquots than those specified may be used if the final colored 
solutions arc either too light or too dark for accurate photometric measurement, m 
such case the calculations must be corrected accordingly 
The use of a calibration curve prepared from standard unc acid solutions is recom- 
mended because of the deviation from Beer’s law show n by low cr concentrations of 
unc acid To prepare such a curve, proceed as follow s Dilute 1 ml of the stock Folm 
unc acid standard (containing 1 mg per ml ) to 100 ml with water and mix, thus ob- 
taining a solution containing 001 mg of unc acid per ml Measure aliquots of ttu» 
dilute standard into 50-mL volumetric flasks (preferably m duplicate) to give a senes 
of solutions of known unc acid content covering the range of satisfactory photoroetnc 
measurement (0 01 to 0 12 mg for measurement at 2 cm solution depth or its appro* 1 ' 
mate equivalent, as w ith the Lvely n photometer ,002to024mg if l-«m. cuv ettea or 
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their equivalent are to be used) Include a blank flask containing water alone in the 
senes Adjust the volume m each flask to 25 ml by adding water where necessary, 
then add 2 5 ml of urca-cyamdc solution to each fla&k At timed (e g , one-minute) 
internals add 1 ml of arseuophosphotungstic acid to a flask dilute immediately to 
50 ml with w ater and mix thoroughly At the end of 30 minutes, set the photometer 
to zero density w ith the blank and determine the density for each standard exactly 
30 rmnutea after diluting and mixing Plot the determined densities against the amount 
of uric acid present (in mg ) on cross section paper, and draw a smooth cun, e to 
include the points 

In an analysis, the determined density of an unknown is translated into its equiva 
lent uric acid value by reference to the curve For accurate results the curve should be 
checked at intervals particularly if new reagents are made up, and reconstructed if 
necessary In an analysis environmental and other conditions should reproduce as 
consistently as possible those prevailing at the time the curve was established For 
further discussion concerning the validity and use of calibration curves m photometric 
anal> sis see the section “Photometry in Chapter 23 p 512 

Interpretation. Results by the uncase method described here indi- 
cate that only 80 to 90 per cent of the color obtained by direct treat- 
ment of unne with, unc acid color reageuts may actually be due to uric 
acid, this discrepancy may be much greater if the diet contains significant 
amounts of the methyl \anthmes (caffeine, theophylline, and theobro- 
mine, found m coffee, tea, and cocoa) In sucb instances, the uncase 
method appears to be e\ en more specific for unc acid than the “ isolation ” 
procedures (see following method) For further aspects of interpretation, 
see under previous method 

3 Colorimetric Methods of Foltn 101 Principle Phospbotungstic acid is reduced 
by unc acid with the production of a blue color which 13 compared with that produced 
with a standard solution of uric acid Polyphenols also react, thus giving too high 
results, and amino acids decrease the color The direct application of the reaction to 
unne is not therefore an accurate method but may be useful for many clinical pur 
poses The indirect method m which the unc acid is first separated by precipitation 
with silver nitrate is claimed to be an accurate method if conditions are strictly 
followed 


Procedure 

(a) Ivdiblct Method Half fill a 100 ml volumetric flask with water 
With a Folin Ostvvald plpet introduce 1 ml of the urine Add 10 ml of the 
chloride acetate solution 19 * and then without shaking so as to avoid foaming, 
dilute to the mark with water and mix 
Transfer 5 ml of the diluted urine to one 15 ml centrifuge tube and 3 ml 
plus 2 ml of water to another To each add 3 ml of the silver nitrate solution 


w * Folia J Biol Chem 101, 111 (1933) 106 311 (1934) 

*** Chlorulc Acetate Solution, V solution containing 1 per cent NaCl 2 per cent crj st. 
sodium acetate and 1 v olumo per cent of 99 per cent acetic acid 

5 Per Cent Solution of Stlter filtrate Tins solution even if pcrfectl} clear when first 
prepared aiaj dev clop a slight color on standing T1 is color is most quickl} produced 
h> heating to 100° C for 2 hours m a flash covered with a beaher After cooling add a few 
ml of a solution containing 60 mg of NaCl shahe thorough!} and filter through a double 

lajcr of quantitativ a filter paper until costal clear Thereafter the solution will rci 

perfectly colorless and need not be kept in broun bottles. 

Oil or solutions are the same as those used in blood methods (see p SCO) 
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and centrifuge at once fairly rapidly for 4 to 5 minutes so as 


to get perfectly 


clear supernatant 


jnce lairiy rapiuiy w - - - . . 

solutions A few tiny flakes may float on the surf 
these contain no uric acid Decant and drain over a sink It Is 
let cold tap water rinse the mouths of the tubes during the draining 
a 25-ml cylinder or a buret, to each tube add 10 ml of the c > , 

solution {poisonous’) Stir immediately and simultaneously with gia» 
until the two sediments have completely dissolved Transfer the sine J ^ 
ide solutions to test tubes graduated at 25 ml and rinse with exact y 
of water Mix by whirling at an angle of about 60’ until the . ar( j 

visibly uniform In another graduated test tube place 5 ml of the sta 
uric acid solution containing 0 02 mg of uric acid together with 10 m 
the urea cyanide solution and mix 

With a 10 ml blood pipet add to each of the three tubes 4 ml of the 
acid reagent and let stand for 20 minutes Dilute to volume and mi* 
colorimetric measurement, make the comparison between the standar 
the unknown which is nearest to it in depth of color W hen the stan ar 
set at 20 mm , colorimetric readings between 35 mm and 10 mm are 
ceptable For photometric measurement, only one unknown is nece8S ^ n 
Determine its density, and that of the standard, in a photometer at 66 
setting the photometer to zero density with a blank prepared by treating 
ml of water with urea cyanide and color reagent, etc , exactly as descri 
for the preparation of the standard . 

(b) Dirlct Mlthod Half fill a 100 ml volumetric flask with water 1 
a Folln Ostwald pipet introduce 1 ml of urine, dilute to volume and nu ^ 
Introduce into test tubes graduated at 25 ml , 5 ml of the diluted urine a 

3 ml of the diluted unne plus 2 ml of water To another graduated test tu 

add 5 ml of the standard uric acid solution Add 10 ml of the urea O an ‘ ^ 
solution (poisonous’) to each, mix, and add 4 ml of the uric acid reagent ^ 
stand for 20 minutes Dilute to volume and mix Continue with colonin® 1 
or photometric measurement as described above for the indirect method 


Calculation For colorimetric measurement 

Reading of Standard x 0 02 X =» Lnc aci 1 content of indiluted 
Reading of Unknown v = unne in g j>cr liter 

r is tl e v olume of diluted unne (o ml or 3 ml ) used in an analysis The same calcid 3 
tions are used for both indirect and direct methods 


For photometric measurement 


Density of Unknown Q ^ 100 = Lnc acid content of undiluted 

Density of Standard A v unne in g per liter 


The significance of v is the same as for colonmctnc measurement The conditions o 
satisfactory pbotometnc measurement are the same as those giv cn on p o6l u» c0 °^ 
nection with the determination of unc acid in blood since the same standards an 
color reaction are used. 


Interpretation. See previous methods 

4 Fohn Shaffer Method Principle PI osphatea and some organic matter 
remov ed by means of uranium acetate The unc acid is precipitated as ammoniu 
urate which is titrated with potassium permanganate 104 
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PURINE BASES (INCLUDING URIC ACID) 

I. Kruger and Schmid’s Method: Principle. This method serves for the deter- 
mination. of both uric acid and the purine bases The principle mvolv ed is the precipita- 
tion of both the uric acid and the purine bases in combination with copper oxide and 
the subsequent decomposition of this precipitate by means of sodium sulfide The 
uric acid is then precipitated by means of hy drochlonc acid and the purme bases are 
separated from the filtrate m the form of their copper or silver compounds The 
nitrogen content of the precipitates of uric acid and purine bases is then determined by 
means of the Kjeldahl method (see p 874) and the corresponding values for unc acid 
and purme bases calculated For a study of tins method as applied to the determination 
of purines in protein free tissue extracts, on a microscale, see Hitchings and Fishe 104 

Procedure. To 400 ml. of albumin-free urine 10 * in a liter flash, 107 add 24 g of 
sodium acetate, and 40 ml of a solution of sodium bisulfite, 104 and heat the 
mixture to boiling Add 40 to SO ml 109 of a 10 per cent solution of copper sul- 
fate and maintain the temperature of the mixture at the boiling point for at 
least 3 minutes Filter off the flocculent precipitate, wash it with hot water 
until the wash water is colorless, and return the washed precipitate to the 
flash by puncturing the tip of the filter paper and washing the precipitate 
through bj r means of hot water Add water until the volume in the flash is 
approximately 200 ml , heat the mixture to boiling, and decompose the pre- 
cipitate of copper oxide by the addition of 30 ml of sodium sulfide solution 110 
After decomposition is complete, the mixture should be acidified with acetic 
acid and heated to boiling until the separating sulfur collects In a mass. 
Filter the hot fluid with the aid of a filter pump, wash with hot water, add 
10 ml of 10 per cent hydrochloric acid, and evaporate the filtrate In a porce- 
lain dish until the total volume has been reduced to about 10 ml. Permit this 
residue to stand about 2 hours to allow for the separation of the uric acid, 
leaving the purine bases in solution. Filter off the precipitate of uric acid. 
Using a small filter paper, and wash the uric acid, with water made acid with 
sulfuric acid, until the total volume of the original filtrate and the wash 
Water aggregates 75 ml Determine the nitrogen content of the precipitate 
by means of the Kjeldahl method (see p. 874), and calculate the uric acid 
equivalent. 111 

Render the filtrate from the uric acid crystals alkaline with sodium hydrox- 
ide, add acetic acid until faintly acid, and heat to 70° C. Now add 1 ml. of a 
10 per cent solution of acetic acid and 10 ml. of a suspension of manganese 
dioxide 11 * to oxidize the traces of uric add which remain in the solution 


Hite hinge and Tiske J Biol Chem . 140, 431 (1941) 

If albumin la present, the urine should bo heated to boiling acidified w ith acetic acid 
and filtered 

107 The total volume of urine for the 24 hours should be sufficiently diluted with water 
to make the total volume of the solution 1C0O to 2000 nil 

1M A solution coutauung 50 g sodium bisulfite m 100 ml water 

The exact amount depending upon the content of the punno bases 
8 Tills is made by saturating a I per cent solution of sodium hy droxido with hydrogen 
sulfide gas and adding an equal volume of 1 per cent sodium hydroxide Ordinarily the 
addition of 30 ml of this solution is sufficient but the presence of an exress cf sulfide 
should bo procnf by adding a drop of lead acetate to a drop of the solution Under these 
conditions a dark brown color will show the presence of an excess of sodium sulfide 

1,1 This may bo done by multiplying the nitrogen value by three and adding 3 5 mg 
to the product as a correction for the unc acul remaining ui solution in the 75 ml 

111 Made by heating a 05 per cent solution of potassium pormanginate with a little 
alcohol until it is dec olo rued 
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Agitate the minute (or 1 minute, add 10 ml. ot the .odium bisulfite solu- 
tlon 1 " and 5 ml, ot a 10 per cent solution of copper sulfate, and heat i 
mixture to boiling for 3 minutes. Filter off the precipitate, wash It with h» 
water, and determine Its nitrogen content by means of the Kjeldahl mei 
(see p. 874). Inasmuch as the composition and proportion of the purine 
present in urine is variable, no factor can be applied. The result as regar 
these bases must therefore be expressed in terms of nitrogen. 

Benedict and Saiki report cases in which the total purine nitrogen by t 
method was less than the uric acid nitrogen as determined by the LV j 
Shaffer method. The inaccuracy was found to He in the Kruger and Sc 
method To obviate this they advise the addition of 20 ml of glacial ace 
acid for each 300 ml. of urine employed, the acid being added before 
first precipitation. 


Interpretation. The amount of purine bases excreted by a norma 
man is small' and variable Values from 1G to GO mg have been foun ^ 
The purine base nitrogen is of course only a fraction of this The amouo 
excreted is influenced by the diet somewhat m the same way as is 
excretion of unc acid, being also increased in disorders associated Wi 
increased unc acid excretion such as leukemia The punne bases foim 
higher percentage of the total punne excretion in the case of the monkey, 
sheep, and goat than in the case of man 


2. Hunter and Gnens’ Modification of the Kru&er-Schmtd Method 
Principle The Krugcr-Schmid process is combined w ith the colorimetric method 
unc acid (see p 909) 


Procedure. The first copper-purine precipitate as obtained in the Kruger* 
Schmid procedure is suspended in about 200 ml of water, to which tber 
is added about 1 mi of concentrated hydrochloric acid The mixture 
vigorously boiled, whereupon the whole or greater part of the precipitate goes 
into solution Removal of the copper is effected by treatment, while hot, 
hydrogen sulfide and excess of the sulfide is completely expelled by rene we 
boiling Filtration under suction, and thorough washing of flask and fih er 
result In a filtrate which is perfectly clear and nearly colorless. This is con 
centrated if necessary, and made up to a convenient volume which must o 
course be sufficiently large to retain, when cool, the uric acid m solution 
Of this an aliquot part Is utilized directly for the colorimetric determination 
of uric acid In the remainder the residual uric acid is destroyed and bases 
determined according to the regular KrGger-Schmid procedure This mo 1 
beat ion is recommended particularly where the amount of uric acid presen 
is minute. 


3 Welker’s Modification of the Methods of Arnstein and of Salkouskt 
Principle The phosphates are removed by treatment with magnesia mixture * ' 

punne bases and uric acid are then thrown down as their silver salts and the nitrogen 

content of this precipitate determined m 


111 To dissolve the excess of manganese dioxide 
M * llunler and Givens J BuA (hem 17 37 (1914) 
m Ditt man and Welker \ T Med J 8*. U34 (1909) 
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ALLANTOIN 

1. Method oj Larson 1W Principle The urine is treated with phosphotungstic 
acid to remove interfering substances Basic lead acetate is then added to remove 
excess phosphotungstic acid and residual interfering substances Excess lead is re- 
moved by sulfuric acid and excess acid neutralized by sodium hydroxide The solution 
is then boded with Folia ammomacal reagent and acid molybdate reagent added to 
the cooled solution tftcr proper dilution a colorimetric comparison is made against 
a 1 mg aUantom standard 

Procedure Transfer 1 5 g of phosphotungstic acid ,,r to a 50-ml centrifuge 
tube and add 5 ml of water Rotate gently to insure solution, then add 
5 ml of animal urine Centrifuge immediately, place the tube in a refrigera- 
tor for one-half hour, then centrifuge again until perfectly clear The addi- 
tion of a crystal of phosphotungstic acid should not cause further precipita- 
tion Add 5 ml of basic lead acetate solution which precipitates the excess 
phosphotungstic acid as well as the remaining interfering substances Cen- 
trifuge the mixture, then treat with 5 ml of 5 per cent sulfuric acid to remove 
the excess lead, and centrifuge until perfectly clear Pipet 2 ml of the result- 
ing water clear liquid into a Folln-Wu sugar tube, neutralize with 5 per cent 
sodium hydroxide, and then add 2 ml of Folln ammomacal copper reagent “* 
Place the tubes in a rapidly boiling water bath for 10 minutes, cool, then add 
2 ml of acid molybdate reagent 1,1 Dilute the tubes to volume and read in a 

M * Larson J Biol Chem 94 727 (1932) According to Young and Conway (J Biol 
Chem. 142, 839 (1942)) the Larson procedure although giving reasonably good recovery 
of added allantoin gives somewhat high results on urine compared to the procedure they 
describe which is claimed to be more specific and satisfactory For details see the original 
article For a photometric version of the Young Conway procedure and method for the 
determination of allantoin in blood see Young MacPherson Wentworth and Hawkins 
J Biol Chem 152 245 (1944) 

Phospho-24-tungslic Acid Dissolve 100 g of Na WOi 211 0 in about 100 ml of 
water with the aid of heat Ydd 10 ml of 85 per cent H*PO* and then SO ml of concentrated 
HC1 Cool After 4 hours or more filter on a Buchner funnel and suck 03 dry as possible. 
Redissolv e the precipitate m 120 ml of HjO pour the solution into a liter separatory funnel 
add about 90 ml of ether and then add 40 ml of concentrated HC] Shake After standing 
a lew minutes there should bo three lay ers of liquid The lowest lay er contains nearly all 
the complex acid If there are only two layers more ether must be added and the mixture 
shaken again Transfer the lowest layer to another separatory' funnel add about 120 ml 

* a ^ er und shake vigorously then add 50 ml of ether and finally 50 ml of concentrated 
iiCl After standing the lowest layer wl ich should be perfectly dear is transferred to a 
cry slalliiing dish Add 30 ml of HxO and 1 drop of hquid bromine and evaporate on a 
steam bath Tho solution should be greenish in color If the slightest trace of dust or 
organic matter is present a pinkish color dev clops and 1 or 2 drops more of liquid bromine 
must be added to oxidize this foreign material 

Evaporate on the steam bath until crystals begin to form on the surface Let stand 
overnight The cry stals obtained are sucked as dry as possible on a large Buchner funnel 
tfter mr-dry mg for one week powder the crystals and keep in an amber glas3 container 
This phosphotungstic acid should dissolve instantly to give a perfectly clear practically 
colorless solution 

111 Folia Ammomacal Copper Solution Dissolvo 100 g of ammonium sulfate in about 
400 ml of water and filter into a volumetric liter flask 100 ml of 10 per cent sodium 
hy droxide are then added 12 g of sodium tartrate and finally a solution of 5 g of copper 
sulfate Dilute to volume and mix This reagent will not give a blank for months if kept 
in tl e dark in well filled tightly stoppered amber glass bottles The bottles should bo of 
small volume 

1 ’ Fofin Acid Vfolpbdatc Reagent Prepare a stock solution of 30 per cent brominated 
sodium n nlybdate as follows Dissolvo 300 g of sodium molybdate m water an 1 make up 
to 1 liter The solution is slightly turbid \dd 2 or 3 drops of liquid bromine and let stand 
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colorimeter against a 1 mg allantom standard ,M Photometric data on this 

procedure are not available 

Calculation 

Readme of Standard x j x 100 _ mg per 100 ml 

I leading of Unknown o 

Interpretation, \llantom is found in only small amounts in hiunaii 
unne (33 to 45 mg per daj), and appears to be mainly, though no en^ 
tirel>, exogenous in ongin It forms however, the principal end produ^ 
of the punne metabolism of practically all mammals other than man an 
the anthropoid apes with the notable exception of the pure bred Dalma 
tian coach hound which excretes a considerable fraction of its pun 
nitrogen as unc acid Thus over 90 per cent of the punne-allantoin ni 
gen excretion of the dog the cow, and the pig occurs as allantom 
thcMj animals its ongin is from exogenous and endogenous punnes, a 
its excretion is influenced by much the same factors as is that of unc a 
in man It appears to be entirely a waste product since if injected into ^ 
blood of man or dogs >t is excreted almost quantitatively in the urine 

HIPPURIC ACID 

1 Method oj Griffith 1 * Principle Ihppunc acid is extracted from unnc ^^ 
ctlicr in a continuous extraction apparatus The residue obtained b> distilling oB 
ether is treated with 1 rominc and sodium h>pobromite to destroj traces of u 
Hippunc acid nitrogen is then determined in the residue b} tl e kjcldahl proceu 
In Quick s met! od m the hippunc acid is extracted in a similar manner and 
ammo nitrogen determined bj the formol titration (see p S 17) The older methods in 
vohed hjdrolj sis of the hippunc acid and titration of the liberated benzoic aci 
These maj pec misleading results however because benzoic acid maj be prese 
also in the form of glucuronic acid roonobenzoate (benzoj 1 glucuronic acid) 
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Calculation If y represents the number of ml. of 0.1 N acid neutralized by am- 
monia in the Kjeldahl titration, then 


y X 1 4 X -jj = mg. hippuric acid in 10 ml. urine 

Interpretation. The average excretion of hippuric acid by a normal 
adult man is about 0 7 g. per day. The amount is increased by the inges- 
tion of benzoic acid or fruits such as plums, prunes, 
and cranberries which contain, in addition to benzoic 
acid, certain other precursors of hippuric acid (quinic 
acid, etc.). It arises in part apparently from putre- 
faction products formed in the intestine. In herbivora 
it is often the most abundant nitrogenous constitu- 
ent of the unne. 

2. Hippuric Acid Test for Lixer Function ( Quick ,M ); 

Principle. If benzoic acid is ingested or injected, a major 
portion of it combines with glycine to form hippuric acid 
which is then excreted in the urine (for reactions, see p. -140) 

In man (but not necessarily in other animals) this synthesis 
appears to take place primarily in the li\er If the liver is 
damaged, the amount of hippuric acid excreted is diminished 
relative to that found normally It is claimed that clinically 
the decrease in hippuric acid excretion under test conditions 
is fairly proportional to the extent of hepatic impairment 

Procedure. Just before the test, which Is preferably 
given in the morning about 1 hour after a light break- 
fast (cereals or toast, and coffee, tea, or milk), the pa- 
tient is Instructed to empty his bladder as completely 
as possible, and the urine obtained is discarded. A dose 
of 6 g. of sodium benzoate dissolved in 30 ml. of water 
(flavored with oil of peppermint if desired) is then 
Ingested, ,,s followed by half a glass of water. More water 
may be taken during the test if necessary but excessive 
water Intake should be discouraged in order to keep 
the urine \olume down. A complete specimen of urine 
is collected each hour after the test dose, for 4 hours. 

Measure the volume of each hourly specimen in a 
graduate. If a specimen volume exceeds 150 ml.. It is 
advisable to acidify’ slightly with acetic acid and to con- 
centrate the sample on a water bath to about 50 ml. 

Combine the four specimens in a graduated cylinder, 
measure the volume, and transfer to a beaker. Add 
solid ammonium sulfate in the proportion of 5 g. for each 10 ml. of 
urine, and stir to dissolve. Filter or centrifuge. To the clear filtrate or 
centrifugate in a beaker add sufficient concentrated by droch loric acid (usu- 
ally about 1 ml. is required) to render distinctly acid to Congo red or thymol 
blue ( pi! about 2). w Stir vigorously with a glass rod, scratching the sides of 

*** Quick: .lm J. Chn. Path, l«, 222 (1910). Sec also Wciclixdbaum and I’rolwlem: 

J. Lab Chn Mid , 24, 630 (193S-1939). llepler and Curley ibid., 27, 1391 (l'Jtl-lOlZ). 

1,4 Tor details ol the tiilramiou* test, 6<.-e Quirk {toe. ctl.). 

1,1 Indicator paper may’ also bo u^od. 



Fig 250 Contin- 
uous Extraction 
Apparatus (Gnij.'- 

FITll). 

.1, 500-ml. Kjcl- 
dalil /task; B, glass 
tube (420 X 15 mm.) 
with side opening; 
C, glass tube (400 X 
6 mm ) w ith w idened 
top and small open- 
ings at bottom; D, 
condenser. 
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the beaker to promote crystallization, then place in the refrigerator or in ice 
water for 30 minutes Filter oil the crystalline hippurlc acid by suction on 
small Buchner funnel, and wash the precipitate with several small port on 
of ice cold distilled water, using the wash water to complete the transfer o 
the crystals from the beaker to the Buchner funnel 

Quantitatively transfer the precipitate and filter paper to a beaker 
little water may be used to aid in the transfer), add sufficient water to cover, 
and heat to dissolve Add a few drops of phenolphthalein solution and titra e 
with 0 5 N sodium hydroxide solution to a permanent pink Record the bure 
reading . 

Calculation Lach ml of Oo N sodium hydroxide is equivalent to 0 0S9o g P* 
puric acid Therefore 

ini 0 5 N alkali used X 0 089o — g hippunc acid titrated 

To determine the amount of hippunc acid excreted a correction for the solubility 
the compound must be added In the presence of ammonium sulfate as described 
bolul ility hasl cen estallished as 0 001 g per ml of urine If I is the total volume o 
urine in milliliters before a iding the ammonium sulfate the solubility correction 
V X 0 001 g Therefore 

(ml of 0 5 Is alkali used X 0 089o) +(7X0 001) = g hippunc acid excreted 
G hippunc acid X 0 08 » g benzoic acid 

Interpretation Under the conditions of this test the average healthy 
adult will excrete 3 0 to 3 5 g (or even more) of benzoic acid in the form 
of hippunc acid There is some indication that increased excretion abose 
3 g is roughly proportional to body weight (or burfacc area) m normal 
individuals “* Any excretion of 2 7 g or more is considered nonpathologi 
cal Marked diminution in output is found in various liver disorders For 
further aspects of clinical interpretation see texts on clinical diagnose 

LACTIC ACID 

Method of Fnedemann and Graeser ** Principle By treatment with P h ° 8 ' 
phone acid and potassium permanganate the lactic acid is converted to acetaldehyde 


CH* CHOH COOII -y CH.CHO + CO + H r O 
The aldehyde is bound with sodium bisulfite 


CIIiCHO + NallSOj -y ClbCHOII SOAa 


The bound sulfte is titrated lodimctncaliy 

Procedure A 10 to 25 ml sample of urine is introduced into a 250 ***1 
volumetric flask, 10 ml of 20 per cent CuSO, 511,0 and 10 ml of a suspen* 100 
of Ca(OH), are added " The suspension is diluted to the mark and filtere t 
an aliquot representing not more than 5 ml of urine being used for analy* 1 * 


1,1 llepler and Gurley toe cil 

•» Fnede nann and Graeser J Did Chem 100 201(1933) The authors describe ad»P" 
tauons of ll w metl od f r Mood (see p 024) m Ik culture tned a ar d tissue* , , „ 

. . I’ eclaI Reagents Calcium Hydroxide Sueyeneion 1 kg. of fresh uoslaked bm 
water u» added to bring lb® vo 


. ^occium Hydroxide 'lutperieion 1 kg. 
dalced with water and immediately afterward aufficient water u 
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Ten ml of HjPO<-MnSO< reagent and a pinch of finely powdered talc are 
placed in. a 300-ml Kjeldahl flash, followed by the sample of urine About 
85 ml of water are added and the flask attached to the apparatus (see Fig. 
251) Ten ml of NaHSOj solution are placed in the 150-ml extraction flask 
(receiver). The microburner is adjusted to bring the solution to boiling in 
about 3 minutes Addition of oxidizing agent is begun as soon as vapors ap- 
pear in the condenser The rate of addition is unimportant, but It is essential 
to have an excess of oxidizing agent throughout the distillation, as indicated 
by a brownish (not gray) color. It is best to add from 25 to 40 ml over a 15- 
mmute oxidation period Shortly before the end of the oxidation the receiving 
flash is detached from the stopper and lowered The glass tip is rinsed and the 
flash containing a total volume of 50 to 75 ml is cooled prior to titration 

For the removal of excess bisulfite 1 ml of starch solution is added, fol- 
lowed by a slight excess of the strong iodine solution which is immediately 
removed by the cautious addition of 0 1 N thiosulfate The walls of the flask 
are now washed down by a thin stream of water after which the end point is 
adjusted to a faint blue with dilute iodine solution 

The flask is cooled and approximately 15 ml of saturated NaHCOj are 
added The solution is titrated with dilute standard iodine solution which Is 
run in rapidly so as to keep pace with the decomposition into aldehyde and 


to approximately 5 liters The suspension is thoroughly shaken allowed to stand for a 
few seconds and decanted from the coarser particles. 

Phosphoric Icvd Manganous Sulfate Reagent 100 g of MnS0«4H»0 are dissolved in 
about 500 nil of warm water To this are added 50 ml of syrupy phosphoric acid (S5 per 
cent 15 M) The solution is cooled and diluted to a -volume of approximately 1 liter 

Oxiduwg Agent To 10 ml of 0 1 N KVIdO, diluted to approximately S00 ml are 
added 2 ml of the HiPO* MnSOi reagent stirruig while adding The volume is brought 
to about 1000 ml and the solution is again well mixed The reduction is complete m 5 to 
10 minutes 

Sodium Bisulfite 25 g are dissolved in 2 liters of water The solution should be kept 
in a stoppered bottle 

•Starch Indicator 5 g of arrowroot starch are suspended in 10 to 20 ml of cold water and 
poured into 500 ml of boiling water, 500 ml of hot water are added and boding is con 
Unued for 15 minutes The flask is co\ ered with a beaker cooled and kept m the refrigera- 
tor The supernatant clear solution only is used The solution will keep several weeks if 
care is taken to avoid bacterial growth 

Strong Iodine Solution 40 g of iodine and 75 g of KI are dissolved in a small quantity 
of water and the volume is brought up to about 2 liters 

Standard Iodine Solution The weak iodine solutions (0 01 to 0 002 N) may be prepared 
4^ ITT ^ ‘ktohon of a standard iodine solution or by liberation ol iodine from OlN jodate 
Oi m method is preferred because of the permanence of lodate solutions 

, I , KH(IOj)j solution contains 3 2496 g per liter OlN KIOi contains 3 567 g per 
IKn We 10 8 of c p KI about 200 ml of cool distilled water and 2 to 5 ml of 5 N 
iljSO* are placed m a volumetric flask Standard lodate is added and the volume is brought 
almost to the mark with cooled water It is then warmed to 20° C and the volume adjusted 
to the mark Since iodine is volatile even from dilute solutions they should be kept cool 

Lactic Acxd Standard. Lithium lactate is preferred because this salt is anbj drous and not 
hygroscopic It is prepared as follows 

US P lactic acid (S5 per cent) is diluted with an equal volume of water and a few 
drops of phenol red indicator are added Saturated (approximately 20 per cent) lithium 
hydroxide or LiCOi (the former is preferred) elution is added to sbglit excess as is indi 
rated by the phenol red The solution is heated to boding and the alkali is again added to 
slight alkalinity It i« now cooled Pour volumes of 95 pier cent alcohol are added and 
after cooling for some tune the mass of crystals is filtered ofl on a Buchner funnel and 
Washed thoroughly with 9o per cent alcohol This preparation is recry st allued from water 
an 1 d icd at 100° C 

® 00 k of iitluum lactate arc transfirred to a 1 liter volumetric flask I uough HtbOt 
•a added to bring the final concentration to O 2 N when diluted to the mark This O 1 M 
lactic acid standard will keep for at least one year provided It is hej t away irom strong 
light or stored in a refrigerator 
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When this slows up 1ml ol 10 per cent ItaiCOi is added until the 
'“Blank dettrm.nartonl IhoulATVun'with filnate. prepared nrth the pre 
001^ =L“=S=5 the titration o, honed 
sulfite is equivalent to 0 4o mg of lactic acid 

Interpretation The lactic acnl concentration is tanable depending 
upon the tolume from 4 mg in tery dilute unne to as high as -o mg p 
100 ml m concentrated unne ihese tallies are increased after sett 
"vcrcisc and probably in such pathological conditions as are accomp 



Ho 2.il ViPAiiiTLs kor thj. Determination or I actio Void (Frieoe- 
MANN AND GraESER) 


bj defi lent oxi litivc metabolism For a discussion of lactic acid in 4 * ,c 
unne see p 812 
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and Browne 133 have described a quantitative photometric veision of the 
naphthoresoicinol test (see p 843) which appears to give good results 

GLUCOSE 134 

1 . Benedict’s Method 1,5 Principle Benedict’s reagent for the estimation of 
reducing sugars contains potassium thiocyanate as well as copper sulfate, and m the 
presence of the former a white precipitate of cuprous thiocyanate is formed in reduc 
hoii instead of the usual red precipitate of cuprous oxide The small amount of potas 
stum ferrocyamde also aids in keeping cuprous oxide in solution As the precipitate 
formed is white the loss of all blue tint in the solution, indicating complete reduction of 
the copper, is readily observed The alkali used is sodium carbonate, which has the 
advantage over hydroxides of being less likely to cause destruction of small amounts of 
sugar The solution also has the great adv antage of being stable for an indefinite length 
of time The method is recommended for its simplicity and accuracy 

Procedure The urine, 10 ml of which should be diluted with water to 100 
ml (unless the sugar content is believed to be low, when it may be used un- 
diluted), is placed in a 50 ml buret and the volume adjusted to the zero 
mark Twenty five ml of the reagent 15 * is measured with a pipet into a porce- 
lain evaporation dish or casserole (100 to 125 mm m diameter), 20 g of 
crystallized sodium carbonate (or one half the weight of the anhydrous salt) 
is added, together with a small quantity of powdered pumice stone or tal 
cum, and the mixture heated to boiling over a free flame and stirred with a 
glass rod to aid in dissolving the bulk of the carbonate The diluted urine is 
now run in from the buret rather rapidly, until a chalk-white precipitate 
forms in noticeable amount and the blue color of the mixture begins to lessen 
perceptibly, after which the solution from the buret must be run in a few 
drops at a time, until the disappearance of the last trace of blue color, which 
marks the end point The final color at the end point may be yellow or 
brown, owing to urinary pigments, but there should be no trace of blue (or 
green) color The solution must be kept vigorously boiling and be stirred 
continuously throughout the entire titration If the mixture becomes too 
concentrated during the process, water may be added fiom time to time to 
replace the volume lost by evaporation Any material which dries out on the 
sides of the dish during the titration must be pushed back into the solution 
with the stirring rod before the end point is reached 


,J> \ laugh an E\ olyn and Browne J Biol Chem 126 507 (103S) See also Deichmann 
J Lab Ctm \f e d 28 770 (1943) 

1,4 Thu method for sugar adopted by the Committee on Unnarj Impairments of tho 
Association of Life Insurance Medical Directors of America is gi\ cn on p 923 
w ‘Bencdct J Am. Ucd. Assoc 57 1193 (1911) 

H *Copi er sulfate (crystallized) IS 0 g 

Sodium carbonate (crystaibzed one-half the weight of tho anhy 

drous salt may be used) 200 0 g 

Sodium or potassium citrate 200 0 g 

Potassium tluocy anato 125 Og 

Potassium ferrocy anido (o per cent solution) j Oral 

Distilled water to make a total volume of 1000 0 ml 

W ith tl e aid of beat dissolve tl e carbonate citrate and tluocy anato in enough water to 
make about 800 ini of tho mixture and filter if necessary Dissolve the copper sulfate 
separately in about 100 ml of water and i our tl o solution slow ly into tho other liquid with 
constant stirring Add tl o ferrocyamde solution cool and dilute to exactly 1 liter Of tho 
vanoua constituents the copper salt only need bo weigl ed with exactness. Twenty five 
ml of tl o reagent are reduced by oO mg of glucose 
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Calcllatios The 25 ml of copper solution is reduced by exactly uOmg 
Therefore the volume run out of the buret to effect the reduction contained ourng^ 
the sugar The formula for calculatmg the percentage of the sugar ta the tou 
00o °. x D X 100 = per cent m ongmal sample wherein x is the number of ml 

of the diluted urine required to reduce 2o ml of the topper solution and /■> 
dilution of the urine (D equals 1 for undiluK d urine 10 for urine diluted 1 10 

In tl e use of this method chloroform must not Ik. present during the titra i« ^ 
used a 3 a premia atne in the urine it may lie removed by boiling a sample for a 
minutes and then diluting to its original volume 

Interpretation. Glucose in the urine m amounts sufficient to be ^ 
tected by the commonly employed qualitative tests (i c , 0 1 to 0 - P* 
cent or more) ordinarily indicates a pathological condition, although 
must be remembered that benign glucosuna is not uncommon (see P - 
for further discussion), and that other reducing sugars (lactose, pentosCf 
cannot be distinguished from glucose by the ordinary reduction tea , 
either qualitative or quantitative Persistent glucosuna may inl * ica 
diabetes melhtus, a disorder m which the amount of sugar maj nse 
high as 10 per cent and av erages 3 to 5 per cent The volume of u ” n 
excreted per day is usually also large and the absolute sugar cxcreti 
may thus be very great (100 g of glucose per day are not uncommon 
The quantitative methods for the estimation of sugar in unne enable 
to determine the seventy of this disorder as well as to follow its course 
under treatment, etc 


2 Sumner’s Method,' 11 Principle Lnne is heated with a dimtrosahc>hc 
reagent which is reduced by the sugar and the resultant color is compared wi 
standards This is a rapid method, applicable to normal as well as glycosurie ur j^ 
but is not as precise as the more elaborate method of Shaffer and Uartrnann dt*c n 
below 


Procedure Plpet Into a Folin-Wu blood sugar tube 1 ml of urine (dilute 
if necessary) and 3 ml of the dtnltrosalicylic acid reagent 1,1 Mix and bea 
5 minutes in boiling water Cool 3 minutes in running water, dilute to 25 ® ' 
mix and compare in a colorimeter with a standard glucose solution treat 
simultaneously in the same way A concentration of 0 1 per cent glucose ^ 
satisfactory for the standard solution If the color obtained with the unne 
too dark, repeat the test using more dilute urine 

Calcllation 


Reading of Standard . . Dffution 

Reading of Unknown X lb P cr cent ^ ucose 

3 Fohn McEIlroy Peck Method Principle The method is a titration 
ccduxe depending upon the use of an alkaline copper solution in which the cupU® 


,,T Sumner J Bui Chem 45 383 (192a) ter 

“'To 10 K- crystallized phenol add 22 ml 10 per cent NaOlt Dissolve in a little i w* 
and dilute to 100 ml VV eigh 0 9 g. sodium bmulSte and to this add 69 ml 
phenol solution. To this add a solution containing 300 ml 4 o per cent NaOH * j 
Rochelle salt (NaKCdl.Oi 411*0) and SSO ml 1 per cent dmitroaalicj lie acid “** ^ 
keep tightly stoppered ta a ell filled bottles- The reagent should keep lor at lea_t one ) 
Dmitroealiejlic acid may be obtained from the Tanirnni Kodak Co Rochester N * 
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hydroxide is held in solution by means of phosphate instead of the customary tartrates, 
citrates, or glycerol The method is applicable to the determination of lactose m milk 139 

4 Method of Shaffer and Hartmann 140 Principle The sugar solution is 
boiled with Fehling’s alkaline copper solution (as modified by Soxhlet) under the 
conditions prescribed in the standard method of "Munson and Walker whose tables 
may therefore be used in the calculation of results The residual cupric salt may then 
be converted into cuprous iodide with the liberation of an equivalent amount of 
iodine 2Cu + * + 41" 2CuI 4- Ii Or the cuprous salt may be oxidized in the 
presence of a known amount of iodine 2Cu + + I* -4 2Cu ++ + 21“ Iodine liberated, 
or excess iodine found in the second case may be titrated w ith sodium thiosulfate In 
the titration of cuprous capper, oxalate is added to depress the ionization of the cupric 
salt Shaffer and Hartmann prefer the cuprous titration 

Procedure. Pipet 25 ml of each of the two Fehling’s solutions' 4 ' into a 300- 
or 400-ml flask Add 50 ml or less of the (approximately neutral) sugar 
solution containing from 20 to 200 mg. of sugar, and water (if necessary) to 
make a total volume of 100 ml Cover with a small inverted beaker and heat 
on an asbestos mat over a flame so adjusted as to bring the solution to boiling 
in 4 minutes Boil 2 minutes Stand the flask in the sink under running 
water till cool (3 to 4 minutes) Then use one of the two following procedures 

Cuprous Titration Add 50 ml (accurate pipet) or 25 ml if but little cu- 
prous oxide is present, of lodate-iodide solution, ,4f followed by 15 to 17 mi of 
5 N H*SO« The acid should be added from a cylinder or fast-flowing pipet in 
order that acidification of the whole solution may be accomplished promptly 
Shake the solution gently for a few moments until the cuprous oxide has 
dissolved. The solution should become clear, but some cuprous iodide may 
separate Add 20 ml of saturated solution of potassium oxalate and rotate 
the flask until the cuprous iodide is completely dissolved 
Titrate with 0 I N sodium thiosulfate (see Appendix) adding a few ml of 
starch solution toward the end before the disappearance of the green color 
Run a blank by boiling the Fehling’s solution with 50 ml. of water Instead 
of sugar solution. 

Calculation From the blank titration subtract the titration of the sugar determi- 
nation, the remainder representing I* required for the oxidation of the cuprous salt 
Multiply by the copper factor of the thiosulfate (1 ml of 0 1 N — G 30 mg of Cu), 
and find the amount of sugar equivalent to the copper by reference to Munson R alLer 
tables 1 4 J or divide the amount of copper reduced by the corresponding ratio obtained 
from the glucose curve in Fig 252 


Cupric Titration. To the cooled alkaline copper solution add 6 g of KI 
and 25 ml. of 5 N HiSO«. Titrate with standard thiosulfate, adding starch 


Fohn and Peek J Biol CUm. 38, 287 (1919) 

,4 ®bhafTer and Hartmann J Biol Chem 45 305 (192 J) 

ul Fchlino a Solution a (Soihht Modification) (I) Dissolve 34 04 r CuSOi 5IIjO in 
water to make 500 ml (II) Dissolvo 173 g Hochellosadt and 50 g VaOll in water to make 
500 ini 

141 lodatc-hxhde Sot turn. Dissolve 5.4 g KIO» and GO g. KI in water to winch a small 
amount of alkali haa l>een added and dilute to a liter 

141 Method* of Analysis of the Association of Official AffrMulti ral Chrmut* 7th <*d Wash 
button D C 1950 
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Cu 6lucos£ Ratios Cu- R atio- glucose 


Fig 2o2 Copper On . cose Ratios poh Fehling’s Solltion asi> fob the 
Macro Combined Reagent tNo Copper Lactose Ratios for Feiicing's 
Solltion 

Divide the amount of reduced copper by its corresponding ratio as shown by 
the respective curves 
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solution toward the end. The titration is subtracted from a similar blank 
determination on the Feliling’s solution, the difference representing copper 
reduced by the sugar. For the cupric titration the copper solution must be 
measured accurately. Consult tables or chart (Fig. 252) for sugar values. 

5. Hanes' Modification of the Hagedorn- Jensen Method: Principle. The 
Ilagedorn-Jensen method (see Chapter 23) is modified so that it may be used for 
larger amounts of glucose (1 to 3 mg ) Maltose may also be determined m the presence 
of starch Power and Wilder adapt the method to the determination of 1 to 50 mg 
of glucose in urine For accurate results the urine must be cleared with mercury. 
For an accuracy within 1 to 5 per cent on diabetic urines the uncleared urine may be 
used, a correction of 0 25 per cent glucose being subtracted 

Procedure. Into a test tube (1X7 in.) pipet 5 ml. of Solution A (alkaline 
ferricyanlde). 1 * 1 Add 5 ml. of unknown solution (if necessary add water to 
make the S ml. volume). In another tube put 5 ml. of water and 5 ml. of 
Solution A. Incline the tube to mix in any drops of liquid adhering to the 
sides. Cover with glass bulbs (with about an inch of tubing left attached). 
Place for 15 minutes in a boiling water bath 2 to 3 in. deep. Cool for 3 minutes 
In cold running water. 

Add 5 ml. of Solution B and then 3 ml. of Solution C, using rapid pipets 
which need not be precise. Run In thiosulfate to a pale >eJIow color, add a few 
drops of starch, and titrate to disappearance of the blue color. Subtract 
titration of unknown from titration of the blank. Convert result into ml. 
of 0.01 N thiosulfate. Consult Fig. 253 for amounts of glucose or maltose. 
In the presence of starch stir more vigorously and titrate more slowly. The 
maltose values are also easily calculated by multiplying the number of ml. 
of 0.01 N thiosulfate used by 0.414 mg. Invert sugar and thus indirectly 
sucrose may also be determined. The factor for invert sugar using a final 
volume of 15 instead of the usual 10 ml. is 0.347 and for sucrose 0.329. For 
a standard invert sugar solution dissolve 0.95 g. of sucrose in 150 ml. of water, 
add 30 ml. of 0.5 N HCI, heat to boiling, and boil 1 minute. Cool rapidly, add 
30 ml. of 0.5NNaOII, and dilute to 500 ml. 100 ml. will contain 0.2 g. of invert 
sugar. Other sugars may also be determined. The factor for fructose Is 0.32, 
for nbose or an equlmolecular mixture of glucose and galactose 0.38, arabi- 
nose 0.35, mannose and rhamnosc 0.34, xylose 0.33, lactose and galactose 0.43. 

6. Benedict's Picrate Method (Adopted by the Committee o\ Urinary Im- 
pairments op the Association of Life Insurance Medical Directors of Amer- 
ica). Principle. The color produced by the reduction of picric acid (p 67) is com- 
pared with permanent inorganic standards representing definite concentrations of 
sugar. 

,u Solution A. Dissolve S 25 g potassium forncyamde and 10 0 g anhv drous sodium 
carbonate in water to make 1000 ml Store m an opaque bottlo and keep 2 to 3 day s before 
Use .Solution B. Dissolve 12 5 g KI, 25 0 g zino sulfate, and 125 g NaCl m water to make 
500 ml Traces of iodine appear m tlio solution on storing Jlcmoio bt filtering through 
2 thicknesses of filter paper. .Solution C Dilute 5 ml of glacial acetic acid to 100 ml Starch 
Stir up l g, of Merck soluble starch with 20 ml water, add to 00 ini boiling water, boil 
2 minutes, cool, and make up to 100 ml 11 ill keep for several months SaJtum ThunulfcUc 
\n approximately N/75 solution u«cd in a 10-ntl buret graduated in 0 02-rnl divisions. 
Dissolve 3 33 g of the salt in 10 liters of boiled-out water Keep in liottle protected by soda- 
lirae tube and run into buret by siphon Standardize each day at first, then every three to 
fou* days. Pipet 5 nil 0 02 N KIOi solution (0 715 g in 1000 ml ) into a tube Add 5 ml. 

- Pv cent KI and 3 ml, 5 per cent acetic acid Titrate using starch as indicator 
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Procedure Measure 1 ml of urine into a test tube ftraduateJ at 25 ml M 
1 To I picric acid so.utioa (2 S of pure dry picric acid per liter) and 0 =.1 
„f 5 per cent NaOlf Add nett 5 drop, of 50 per cent ace one solutio <P^ 
pared fre.h each day by d.lntlna acetone .ith an equal tolame »l ^ 
and place the tube promptly in a boiling water bath In 12 mlnu 



Fig 2o3 Ciubtfos ScgihIauesbt Hanes Method 


the tube, cool, and dilute the contents to 2a ml Compare this colored »°* u 
tion with the permanent standards m tubes of the same dimensions, ^ 
estimate the amount of sugar The permanent sugar standards are made 
described below 


PERMANENT SUGAR STANDARDS* 4 * 

Put each standard in test tubes of the same diameter as used in sugar de 
termination 


Solutions needed. 

Feme Odonde (Merck s A nil} zed) - 

Dissolve 200 g. feme chloride (FeCh-CUrO) in about 300 mL distilled water transfer ^ 
WtO-ml volumetric flaok, make up to volume with distilled water and ml* well. ‘ 
through a drj filter paper 

Coball Odonde (anal> zed grade) ntn' 

Dissolve loO g. cobalt chloride (CoClj 61IiO) in about 300 ml distilled water 
fer to a oOO-Mnl volumetric flask, make up to volume with distilled water and ml * 
Filter through a dr> filter paper 
Dilute If jfdrocljanc And 

Dilute 5 ml- concentrated h> drochlonc acid to JO ml with distilled water 
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Sugar 

% 

Ferric Chloride 
Solution 
ml 

Cobalt Chloride j 
! Solution | 
| ml 

Dilute Hydrochloric 
Acid 
ml 

Water 

0 1 

18 

7 

S 


0 2 

28 

13 

8 


a 3 

22 

22 

S 

to make 100 ml 

0 4 ! 

16 

30 

8 


0 5 

14 

40 

8 



7. Hawkins and Van Slyke Method. 1 ** Principle The time required for the 
urine to decolorize potassium femeyamde solution is an index of the amount of re- 
ducing sugar present Smce normal constituents m concentrated urine maj give re- 
duction equiv alent to as high as 0 4 per cent glucose, the method is regulated to deter- 
mine reducing substances m concentrated unnes in concentrations of 0 5 per cent and 
abo\ e, and in dilute unne in concentrations of 0 25 per cent and above 

Procedure. Dilute 1 ml. of urine to 50 ml. If urine is known to be high in 
sugar (o\er 5 per cent) dilute 1 100, if low in sugar, dilute 1 25. Albumin need 
not be removed Pipet 2 ml. of diluted urine into a pyrex test tube (14 X 125 
mm outside diameter). Add 2 ml of femeyanide solution. 1 ” Mix. Immerse 
in a beaker of boiling water. A similar test tube containing water is immersed 
for comparison. Make a white background by pasting paper on the side of 
the beaker away from the observer. A casserole may be used instead of a 
beaker. Determine the time in seconds required for the last trace of yellow to 
disappear, preferably using a stop watch. From the chart. Fig. 254, obtain 
the percentage of sugar in the urine. The chart is for a dilution of 1 50. If a 
l 25 dilution is used, divide the result obtained from the chart by 2; for a 
1 100 dilution, multiply the result b> 2. 

8. Fermentation Method: Principle. This method consists in the measurement 
of the volume of carbon dioxide evolved when the dextrose of the unne undergoes 
fermentation with j east Xone of the various methods whose manipulation is based 
upon this principle is absolutely accurate The method in which Emhorn’s saccharom- 
eter (Fig 15 ( p ggj ja employ cd is perhaps as satisfactory as any for clinical purposes 

Procedure. To about 15 ml of urine in a mortar, add about 0.25 g. of active 
dry jeast and mix thorough!). Transfer the mixture to the saccharometer, 

*** Hankins and \an Sljke J Bud Chem 81, 439 (1929) For a similar procedure using 
smaller volumes of solution (and therefore with a slightlj different calibration curve) 
which is also directly applicable to tungstic acid filtrates of blood tee Hawkins J Bud 
Chem , 84 C9 (1929) k photometric adaptation of this procedure is described by Hoffman 
J Bud Chem . 120 . 51 (1937) 

m Potassium b cmcyaindc Riagenl Dissolve 75 E of anhjdrous potassium carbonate 
and 75 g of potassium bicarbonate in about 750 ml of water Dissolve 1 g of potassium 
femcynmde in about 100 ml of water kdd tho ferncy aiudo solution quantitatively (rinsing 
With water) to the carbonate- bicar bon ate solution in a 1 bier volumetric flask Dilute 
to the mark with water arid mix. 1- liter and store m a brown glass-stoppered bottle in the 
dark. T1 is reagent appears to keep indefinitely Of the various ingredients, only the 
fcrncy amde need bo w cigbcd accurately 
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being careful that the graduated tube is completely filled and that no air 
bubbles gather at the top Allow the apparatus to stand in a warm place 
(30° C ) for 12 hours, and observe the percentage of dextrose as indicated by 
the graduated scale of the instrument Both the percentage of dextrose an 


Seconds 

FlO 254 ClIARTOFURINESuOARVAUJtSIORHAUKiNS-VANSLYKEMkTHOD 
J Dial Chtm 81 4o0 (1029) 

the number of cubic centimeters of carbon dioxide are indicated by ‘ hc 
graduations on the side of the saccharometer tube Controls should be run 
UBing normal urine and such urine to which sugar has been added 

9 Polanscopic Examination Before subjecting urine to a polanscopic e* 
animation the slightly acid fluid should be decolorized as thoroughly as 
possible by the addition of a little basic lead acetate The urine should be 
stirred and then filtered through a filter paper which has not been 
previously moistened In this way a perfectly clear and almost colorle^ 
liquid is obtained 

In determining dextrose by means of the polanscope it should be 
borne in mind that this carbohydrate is often accompanied by other 
optically active substances such as proteins fructose /3-hydroxybutync 
acid, and conjugate glucuronates which may introduce an error into the 
Specific P^nscopic reading, the method '* 

Glucose + 52 however, sufficiently accurate 

Maltose +136 5 practical purposes 

Isomaltosc + C8 0 For directions as to the mamp 

Lactose + 52 53 lation of the polanscope, see P ” 

fcmetose — 92 25 The table gives the specific ro* 

8-1 fydroxj butyric acid — 24 12 tations of some physiologically lia 

Conjugate 1 glucuronic iLevorotntory in portant sugars as well as of certain 

aC!ti3 /varying degrees other optically active substances 


Specific liolation 
+ 52 49 
+ 136 5 
+ C8 0 
+ 52 53 

- 92 25 

- 24 12 


Conjugate 1 glucuronic) Levorotatory 11 
/varying degree 
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the possible presence of which must be borne in mind in determining 
glucose polanmetncally in unue 

DETERMINATION OF SUGAR IN NORMAL URINE 

Principle Since the nature of normal urine ‘ sugar (1 e , reducing substances) is 
not definitely established it is not possible to state which of the methods of determma 
tion is to be preferred The methods involve removal of interfering substances and 
colorimetric determination of reducing povv er 

Procedure 

(a) Removal of Intebfering Substances Method of Folin and Sv edberg 148 
To 5 ml of urine in a 50 ml Erlenmeyer flask add 5 ml of 0 05 N oxalic acid, 
10 ml of water, and (last) 1 5 g of Lloyd s alkaloidal reagent 149 Shake gently 
for 4 minutes Filter through a quantitative paper into another small flask 
containing 2 g of Perm u tit Shake 3 minutes Decant 

(b) Detebmination of Suoib. Sugar may be determined in filtrates from 
treatment with Lloyd s reagent by one of the methods used for blood sugar 150 
(see Chapter 23) The method of Sumner (see p 920) is said to be applicable 
to urine without previous treatment The urine may also be fermented and 
fermentable sugar determined by measurement of CO* given off or by differ 
ence To 10 ml of the filtrate from treatment with Lloyd’s reagent add 3 ml 
of a suspension of 1 cake of compressed yeast in 20 ml of water Keep at 
37° C for 40 minutes Filter and determine sugar Fermentable sugar is 
usually about 0 01 per cent (see Chapter 28) The urine may also be hydro 
lyzed and total sugar determined To 8 ml of urine filtrate add I ml of 2 6 N 
H 2 S0 4 and heat in a boiling water bath for 75 minutes Add 1 ml of silica 
free NaOH exactly equivalent to the acid added Determine sugar by any of 
above methods 

PROTEIN 151 

1 Colorimetric Determination of Proteins {Method of Hiller , McIntosh , 
and Van Slyke) 151 Principle The protein is precipitated \\ ltu trichloroacetic acid u * 
dissolved in NaOH solution, and copper ions added to give a biuret color which is 
compared v\ ith a standard 

Procedure Measure 2 ml of the urine (previously adjusted to a pH of about 
7 4) into a centrifuge tube, add an equal volume of 10 per cent trichloroacetic 
acid solution, mix and centrifuge for 5 minutes If the volume of the pre 
cipitate is less than 0 2 or more than 0 6 ml , repeat using more or less urine 
Pour off the supernatant fluid Dissolve the precipitate m about 3 ml of 3 
per cent NaOH and wash into a tube graduated at 10 ml with portions of the 
3 per cent NaOH until the volume is about 9 ml Add 0 25 ml of 20 per cent 


*** Folui and Svedberg J Biol Chem 70 405 (192G) Hamilton (/ Biol Chcm 78 
03 (1028)) omit a Permutit but usea Llovda reagent extracted with concentrated HCI fot 
1 day wasl ed with water and ti e» extracted with concentrated USOi for oi o da> 

1 11 Obtainable from Eli LiU> and Co Indianapolis Ind 

“»Sco*oIn J Biol Chcm "0 405 (1020) Bencd ct J Biol Chem 48 700 (1920) 
1,1 The method for albuuu 1 adopted bj the Conn nttee on Urinarj Impaint enta of the 
Association of Life Insurance Medical Directors of America is given on p J-9 
u * Hiller McIntosh and A an Sl> ke J Clin. I meet 4 23o (19-7) 
u * According to Beckman Hiller SI edlovaky and Archibald {J Btol Chem HR, 24“ 
U«M3)) from 4 to 20 per cent of the protein m prote nuna mav not Ik. t recipttablo b> 
trie) loroacetic ac d This n a> account for discrepant a 1 1 protein dclcn ui ation between 
mctl ods mvolviig trichloroacetic acid precipitaUon and those not mvolvug such 
precipitation. 
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copper sulfate solution anil dilute to 10 ml with the NsOII Mix by * . 

Let stand 10 minute* Centrifuge and compare with a standard Fora* 
ard measure 5 ml of a biuret solution containing 13 33 mg of biuret, *0 U * 
lent to 12 3 mg of protein, into a tube graduated at 10 ml Vdddlstule w 
to 8 ml , 1 ml of 30 per cent NaOlI, 0 25 ml of copper sulfate, and ^ 

make 10 ml Mix, let stand for 10 minutes, centrifuge, and compare 
colorimeter with the unknown, setting this standard at 15 mm ^ 

For determining albumin add to 10 ml of the urine, at pH 7 -I, 1° & ^ 
44 per cent sodium sulfate solution, mix well, and put In an incubator 
37° C for three hours Fitter Proceed as for total protein, using four ® 
the volume The globuiin Is estimated by difference 

Calcllatios For total prolan 

lo 12 3 

_ x — ; ■. - g proUm per liter 

It mi urine u»ed * 

For albumin 

h„ 123X2 

Tl X m L~ iiitratc Uaed “ *• aIbum,n htM 
2 Folin t Graumetric Method /or the Determination oj Protein tn 
Principle The protein precipitated by heat and aci tie acid u centrifuged wa* 
dm*!, and weighed 

Procedure Pipet 10 ml of urine Into an ordinary conical centrifuge tub* 
which has been previously weighed add 1 ml of 5 per cent acetic add. » n 
let stand for 15 minutes in a beaker of boiling water At the end of this tu» 
remove the tube from the water bath, and centrifuge for a few minutes P° u 
off the supernatant liquid, stir up the precipitate In the tube with ahoo 
10 ml of boiling 0 5 per cent acetic acid, and again centrifuge Remove 
supernatant liquid from the precipitate in the tube and wash once toot* 
this time with 50 per cent alcohol After centrifuging, pour off the »«P*f 
natant alcohol and place the tube for 2 hours in an air bath at 100 to 1 10’ u 
then cool in a desiccator, and weigh 

The precipitate may also be filtered off and washed on a small tared & ier 
paper, then dried and weighed In this case It is better to use a larger rolum 
of unne Instead of weighing, the nitrogen in the precipitate may be deter 
mined by the Kjeldahl method u * 

Calculatos Multiply the we ght of the prec.pitate in grams by 10 to obUio the 
percentage of protein present U a volume other than 10 mL of unne is u=cd m ulup 
by the appropriate \ olume factor 

Interpretation The amount of albumin occurring in the unne is 
necessarily an index of the ‘-event} or type of the disorder giving n*c 
it Hence no significant figures can be giv en Normal human unne proba 
bly contains a trace of albumin which is too slight to be detected or deter f 
mined by the u~*nal procedures The determination of albumin ma> be o* 
assistance in following the course of ladne} disturbances but the result 
can be interpreted only in the light of other clinical findings (See discus- 
sion under Albumin, p 828 ) 


corlect ugurea lor the proton content it is then only 
to molt pl> the total nitrogen content by G-2 j C&ee p 239) Correction should be in**— 
for the n trogen content of the filter paper used unless this factor u negli »Ue- 
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3. Esbach’s Method: Principle. This method depends upon the precipitation of 
protein and measurement of its volume after settling The apparatus used is Esbach’s 
albummorneter (Fig. 255) 

Procedure. In making a determination fill the albuminometer to the point 
V with urine, then introduce Esbach's reagent 1 ** (or 10 per cent trichloro- 
acetic acid, as recommended by Quick) until the point 
R is reached. Now stopper the tube, invert it slowly 
several times in order to insure the thorough mixing of 
the Quids, and stand the tube aside for 24 hours. Creati- 
nine, resin, acids, etc. are precipitated in this method, 
and for this and other reasons it is not so accurate as the 
coagulation method. It is, however, extensively used 
clinically. According to Sahll, Esbach’s method is "accu- 
rate approximately to 1 part per 1000," whereas Pfeiffer 
claims it is not accurate for less than one-half or for more 
than 5 parts per 1000. 

Cvlculation The graduations mdicate g of protein per liter 
of urine Thus a reading of 3 indicates 3 g per liter, or 0 3 per 
cent protein. 

4. The Determination of Albumin (Method Adopted by 
the Committee on Urinary Impairments of the Association 
of Life Insurance Medical Directors of America ) 1 
Principle. Clarified urrne is treated with sulfo&alicyhc acid 
and the degree of turbidity produced is measured by couipan- Fig 255 Esbach’s 
son with artificial standards Albuminometer. 

Procedure. Pipet 2.5 ml. of centrifuged urine into a test tube graduated at 
10 ml. and add 3 per cent sulfosallcyllc acid (30 g. in 1000 ml. of distilled 
water) to the 10-mi. mark. Invert the tube to mix, allow to stand 10 minutes, 
and compare the turbidity with the permanent turbidity standards. Record 
the value of the standard most closely matched, as the albumin content of 
the urine. 

Preparation of Permanent Albumin Standards .>*• Dissolve 20 g. of gelatin 
(Super X brand in sheet form, Coignet Chemical Products Co., New York) 
in 120 to 140 ml. of distilled water at 45° to 55° C. and make up to 200 ml. 
Add about half the white of an egg and stir In. Heat in a water bath for at 
least 30 minutes after a temperature of 90° C. has been attained. Filter hot 
through a Whatman’s No. 4 paper yielding a perfectly clear, slightly yellow 
solution. Immediately before using, add 0.3 ml. of formalin (40 per cent 
formaldehyde solution) to each 100 ml. of gelatin solution. Formazln, the 
material to be suspended In the gelatin, is made as follows. Dissolve 2.5 g. 
of urotropln in 25 ml. of distilled water at room temperature. Add to 25 ml, 
of 1 per cent hydrazine sulfate solution also at room temperature. Mix, 
stopper, and allow to stand at least 15 hours. Suspend the white amorphous 
precipitate uniformly by gently inverting the flask a few times. Add 14.5 
ml. of the formazin suspension to 100 ml. of 10 per cent gelatin solution at 

’“hoc \ppendix 

“* These pirinaiiint standards wire dc> eloped m the laboratories of the Metropolitan 
hdo Insurant e Compan) and the Mutual benefit Life Insurance Compan> 4 or a detailed 
description of the preparation of these standards, sec hingsbur>, Clark, H ilhams, and 
1'oM J Lab Clin VtJ , tt, 9S1 (192S). 
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45 a to 55° C. (to which the correct amount of formalin has been added) and 
mix thoroughly. This produces a turbidity equivalent to that made by an 
albumin solution of 0.1 per cent, or one containing 100 mg. of albumin in 
100 ml. when precipitated by 3 volumes of i per cent sulfosallcylic acid, 
lute this stock suspension as follows to make the remaining standar * 


Stock bormazin Suspension Equnalent 
to tOO mg Albumin per 100 ml 

10% Clarified 
Gelatin 

Value of Standard 
Made 

ml 

ml 

% 

mg 

25 0 

26 

0 05 

50 

20 0 

30 

0 04 

40 

15 0 

15 

0 03 

30 

10 0 

40 

0 02 

20 

5 0 

45 

0 01 

10 

2 5 

55 

0 005 

5 


Pour each standard Into a test tube of the same dimensions as those used 
in making the test with urine. Seal the tube with a waxed stopper and alio* 
to cool to room temperature. In a short time the gelatin should solidify 
and after a few days cannot be melted at any room temperature. In «' 
tremely hot weather put the tubes In a cool place for a few days before any 
attempt is made to use them. Keep the standards in a well-lighted room 
If In time they become greenish, they may be bleached by exposure to sun- 
light without changing their turbldlmetrlc value. The standards may be 
checked against sheep serum standards of known protein content P 1 '*' 
cipitated in the same manner as in the urine test. Standards older than » 
months should be replaced unless actual tests show that they have their 
original degree of turbidity. In the course of a year there may be only » very 
slight diminution in the turbtdimetrlc value of the standards. There is oo 
detectable change in 6 to 8 months. 

ACETONE BODIES 

1. Van Sly he's Methods.™ Principle The method is based on a combination of 
Shaffer's oxidation of 0-hydroxybutync acid to acetone (p 914), and Deluges' pre- 
cipitation of acetone as a baste mercuric sulfate compound Glucose and certain other 
interfering substances are removed by precipitation with copper sulfate and calcium 
hydroxide Preservatives other than toluene or copper sulfate should not be used. 



Chap 31 


Urine Quantitative Analysis 


931 


calcium hydroxide suspension, shake, and test with litmus. If not alkaline, 
add more calcium hydroxide. Dilute to the mark and let stand at least one- 
half hour for glucose to precipitate. I'll ter through a dry folded filter. This 
procedure will remove up to 8 per cent of glucose. Urine containing more 
should be diluted enough to bring the glucose down to 8 per cent. The copper 
treatment is depended upon to remove interfering substances other than 
glucose, and should therefore never be omitted, even when glucose Is absent. 
The filtrate may be tested for glucose by boiling a little in a test tube. A pre- 
cipitate of yellow cuprous oxide will be obtained if the removal has not been 
complete, A slight precipitate of white calcium salts always forms, but does 
not interfere with the detection of the yellow cuprous oxide. 

Determination of Total Acetone Bodies ( Acetone , Acetoacetic AcuJ, and 
P-Hydroxybutyric Acid). Place in a 500-ml. Erlenmeyer flask 25 ml. of urine 
filtrate. Add 100 ml. of water, 10 ml. of 50 per cent sulfuric acid, and 35 ml. 
of the 10 per cent mercuric sulfate Or, in place of adding the water and 
reagents separately, add 145 ml. of the combined reagents Connect the 
flask with a reflux condenser having a straight condensing tube of 8 or 10 
mm diameter, and heat to boiling. After boiling has begun, add 5 ml. of the 
5 per cent bichromate through the condenser tube. Continue boiling gently 
1 M hours. The yellow precipitate which forms consists of the mercury sul- 
fate-chromate compound* 1 * of acetone (total). It is collected in a Gooch or 
M medium density" alundum or fritted glass crucible, washed with 200 ml of 
cold water, and dried for an hour at 110° C The crucible is allowed to cool in 
room air (a desiccator is unnecessary and undesirable) and weighed Several 
precipitates may be collected, one above the other, without cleaning the 
crucible. As an alternative to weighing, the precipitate may be dissolved and 
titrated as described below. 

Determination of Acetone and Acetoacetic Acid. The acetone plus the 
acetoacetic acid, which completely decomposes into acetone and COi on 
heating, is determined without the 0-hydroxybutyric acid exactly as the total 
acetone bodies, except that (1) no bichromate is added to oxidize the 
0-hydroxybutyric acid and (2) the boiling must continue for not less than 30 
nor more than 45 minutes Boiling for more than 45 minutes splits off a little 
acetone from p-hydroxy butyric acid even in the absence of chromic acid. 110 

Determination of 0-Hydroxybutync Acid. The 0 -h>droxybutyric acid alone 
is determined exactly as total acetone bodies except that the preformed 
acetone and that from the acetoacetic acid are first boiled off To do this 


,M Tins contains about 77 per cent mercurj and in the absence of chromate has approxi- 
mately one of the following formulas 3IIgSO« 5UgO 2(CHi)iCO or 2IIgSO« 3IIgO (CH>)r> 

1,0 Blank Determination of Precipitate from Substance* tn tlnru Other than the Acetone 
Bo he* The 25 ml aliquot of urine filtrate is treated with sulfuric acid and water and 
boiled 10 minutes to drive off acetone The residue is made up to 175 ml with the lame 
amounts of mercuric sulfate and sulfuric acid used m the above determinations, but 
without chromate and is boded under the reflux for 45 minutes Longer boding splits off 
some acetone from 0 hjdroxs butjnc acid, and must therefore be avoided The weight ot 
precipitate obtained may be subtracted from that obtained in the above determination 
The blank is so small that it appears to bo significant on!) when compared with tho 
small amounts of acetone bodies found in normal or near!) normal urines. la routine 
anal^st-s of diabetic urines it is not determined 

Te*t* of Heaoent* \\ hen tho complete total acetone bodies determination including 
tl»o preliminary copper sulfate treatment » performed on a samplo ot del died water 
instead of urine no precipitate whatev er should be obtained. This test must not be omitted 
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the 25 ml. of urine filtrate plus 100 ml. of vrater are treated with jj 
the 50 per cent sulfuric acid and boiled in the open flask for , 

The volume of solution left in the flask Is measured in a cylinder, in 
non Is returned to the flask, and the cylinder washed with enough *« 
replace that boiled off and restore the volume of the solution to 127 mi. 

8 ml. of the 50 per cent sulfuric acid and 35 ml of mercuric sulfate are a 

The flask is connected under the condenser and the determination 8 c 
tlnued as described for total acetone bodies. 


Titration of the Precipitate in the Aboie Methods. Instead of weigh infi 
precipitate, one may wash the contents of the Gooch, including the as es ' 
into a small beaker with as little water as possible, and add 15 ml. of nor ^ 
HC1. The mixture 1 b then heated, and the precipitate quickly dissolves 
case an alundum or glass crucible is used, it Is set Into the beaker ° ® 
until the precipitate dissolves, and then washed with suction, the was 
being added to the beaker. In place of using either a Gooch or alundum 
ble, one may, when titration is employed, wash the precipitate without s 
tion on a small quantitative filter paper, which is transferred with the 
cipitate to the beaker and broken up with a rod in 15 ml of norma 
In order to obtain a good end point in the subsequent titration it is ne 
sary to reduce the acidity of the solution. For this purpose it has been 0 
that the addition of excess sodium acetate is the most satisfactory m e 
Six to 7 ml. of 3 M acetate are added to the cooled solution of redissolve P r 
cipitate. Then the 02 M KI is run in rapidly from a buret with cons 
stirring If more than a small amount of mercury is present, a red precip' 1 ^ 
of Hglt at once forms, and redissolves as soon as 2 or 3 ml. of KI In excess a 
the amount required to form the soluble Kjllgl, has been added. If ° n 
few mg of mercury are present, the excess of KI may be added before 
Ilgl* has had time to precipitate so that the titrated solution remains 
In this case not less than 5 ml of the 0 2 M KI are added, since it has 
found that the final titration is not satisfactory if less is present The e * c ^ 
of KI is titrated back by adding 0 05 M IlgCli from another buret 
permanent red precipitate forms Since the reaction involved is IlgCl* + 

~ K,HgI« + 2KC1, 1 ml of 0 05 M IlgCl, is equivalent in the titration to 
ml. of the 0.2 M KI. g& 

In preparing the two standard solutions the 0 05 M llgClj is standard 1 * 
by the sulfide method, and the iodine is standardized by titration against 
A slight error appears to be introduced If the iodide solution is gravinie ^ 
cally standardized and used for checking the mercury solution, instea 
vice versa. 

In standardizing the mercuric chloride the following procedure has b 
found convenient 25 ml of 0 05 M HgCl, is measured with a calibrated p‘P® ‘ 
diluted to about 100 ml , and II t S is run in until the black precipitate 
culates and leaves a clear solution The UgS, collected in a Gooch cruel 
and dried at 110° C , should weigh 0 2908 g if the solution is accurate 

Both by gravimetric anal>ses of the basic mercuric sulfate acetone p 
cipitate and by titration, the mercury content of the precipitate has e 
found to average 76 9 per cent. On this basis, each ml. of 0 2 M KI solu* 10 * 
being equivalent to 10 0 mg of Hg, U equivalent to 13 0 mg of the mercu 
acetone precipitate ^ 

Titration is not quite so accurate as weighing, but, except when { 
amounts determined are very small, the titration is satisfactory. « oC 

CxiccuvnoN One mg. of d-h>droxybutync acid yields 8 45 mg of precipitate 
mg. of acetone yields 20 0 mg. of precipitate One ml of 0 2 M KI solution is eqtm* 
to 13 mg. of precipitate in titration of the latter 
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In order to calculate the icetone bodies as d hydroxy butyric acid rithcr than 
acetone use the above factors multiplied by the ratio of the molecular weights 
f3 acid 104 _ 

ace t one ~o8 = ort ^ er t° calculate the acetone bodies in terms of molecular 

concentration divide the factors in the table by 08 To calculate ml of 0 1 M acetone 
bodies per filer of urine use the above factors multiplied by 10 OOCJ/oS or 172 4 


Special Factors for Calculation of Results Wren 2d Ml of Urine Filtrate 
Equivalent to 2 5 Ml of Urine Are Used for the Determination 


Determination Performed 

Acetone Bodies Calculated as g of 1 cetane 
' per Liter of Urine Indicated bj 

1 g of precipitate | 

1 ml of 0 2 V hi sol 

Total acetone bodies* 

24 8 

0 322 

(i Hy droxybutync acid 

26 4 | 

0 344 

Vcetone + acetoacetic acul 

20 0 

0 260 


* The total acetone bodies factor is calculated on the assumption that tl e molecular 
proportion of them in the form 0 by droxy buty Me acid is "o per cent of the total winch pro- 
portion is usually approximated in acetonuna Because 0 h> droxy but y ric acid yields only 
0 • 5 molecule of acetone the factors are strictly accurate only wl ea tl ia proportion is 
prevent but the error introduced by the use of the approximate factors is for ordinarv 
purposes not serious The actual errors in percentage of tl e amounts determined are as 
fouo \s molecular proportions of acetone bodies as 0 acid 0 50 error 6 5 per cent 0 acid 
0 90 error 3 S per cent 0 acid 0 SO error I 3 per cent 


Interpretation. Normal adults on a mixed diet excrete on the average 
3 to 15 mg of combined acetone and acetoacetic acid per day, and any 
thing over 20 mg is usually pathological Usually about one fourth, of 
this total is acetone, although the proportion varies considerably The 
amount is considerably increased in fasting and on a carbohy dratc-free 
uict due to the development of ketosis In severe diabetic ketosis values 
up to 0 g per day or even higher may be noted It is sometimes found m 
large amounts m intoxications associated with pregnancy It may he 
found in increased amounts in the unne in a great variety of pathological 
conditions Quantitative estimation enables us to follow the course of 
the ketosis Ammonia excretion is also largely increased in these con- 
ditions, being used in the neutralization of the excess acids formed in the 
body (See also Chapter 29 ) 

£ Hy droxybutync acid may occur m normal human unne to the extent 
of 20 to 30 mg per day In fasting or on a carbohydrate-free diet, very 
large amounts may be excreted (up to 20 g per day) In severe diabetes 
nvellitus the largest amounts are found, and excretions of o0 or even 100 g 
or over per day have been noted In this condition it is usually the most 
abundant of the acetone bodies making up from 00 to SO per cent of the 
total The ratio is, however, by no means constant, and it should be 
borne in mind that in rare cases large amounts of 0-hydroxy butync aud 
may be eliminated although the acetone excretion is v cry low It is ulw ay s 
present in the unne when large amounts of acetone arc present 

A discussion of disturbance of acid base equibbnum due to abnormal 
* d metabolism max bo found on pp G92 and 093 
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J VPt/totl »/ Sluder and VarnoU - 

bint J acetone and acctoacctic acid u dct™» r ,.(„ rm , ,l acetone and tbc acilce 

which « duelled off and determined as such 

Procedure Determine, u=„ ol dee, one end dee»ooce,,c dc.d 
25 to 100 ml 1,1 or more of urine (usual y . . lead acetate 

volumetric flask con.a.nin* MO .0 300 ml .1 m“ «•' 

dilute with water to about 600 ml , and add 15 ml of concentra 
acid and a little talc or a bollin» atone Distil until about 2 ™“ h the 

have been collected The tube o! the condenser should dip ben >it 
surface ol the water In the recelvlnS flask so that no loss “ f Jrop 

occur The distilling flask must also bo fitted with a liqul d 

nine lunoel so water may he run Inlrom time to timeand the volum ‘ * 

r.he flask kept (torn hecominfi less than 400 to 500 ml A fiood conden. 
should be used, but It is not necessary to cool the distillate In ICC ^ 

The distillate thus obtained .. transferred to a second Kjeldah 4 Ha 
10 ml ol 10 per cent NaOll added It is then redistilled tor about JO 
u,e. t« The second distillate is then titrated with standard lodme and tb. 
sulfate solutions N ,( the 

This is done by adding 10 to 25 ml of 0 1 N iodine solution (0 Ol - |# 

amount of acetone bodies as indicated by a qualitative test is ^ 

ml of strong NaOII (about 40 per cent) Let stand for 10 minu tes 
of concentrated HC1 Titrate with 0 1 N sodium thiosulfate solution t v 
yellow color, add a few ml of soluble starch solution (see Appendix} 
tlnue titration to disappearance of the blue color , 

CaIsCLLatios Subtract the number of roL of 0 1 N thiosulfate solution u 

the volume of 0 1 \ iodine solution employed Since 1 ml of the iodine so 
equivalent to 0 907 mg of acetone and since lml of the thiosulfate solution 
lent to 1 ml of the iodine solution if «e multiply the remainder from thear ~ ^ 
traction by 0 967 we will obtain the number of mg of acetone and acetoace 
expressed as acetone in the volume of urine taken for analysis 

>** ShaHer and Marriott J BitA Chem It 265 (1915) j In 

« T1 e amount used depends upon the expected y ield of 0-h> droxyl utyr* , Q j0 g 
unnes which give a strong feme chloride reaction f r aceloacet c acid or wne 2 v> to 

or more of 0-hydroxy butync acid are expected it is unnecessary to use more ^ t jje 
pO ml ol unne However m case only a trace of 0 hj droxy butync acid is e * v T' tvect &e<i 
volume should be much larger as indicated. Tjnder all conditi ns the amoun as 

is sufficient for duplicate deterrnmat ons It is desirable to use such a volume e 
contains tl e proper amount of 0-h> droxybuty nc acid to yield 2o to oO mg. , ac£ t»te 

** If the urine contains 1 ttle or no sugar only half the amount or less o 
should be used redistvllatioo 

M In many instances when a high degree of accuracy is not required tn*» Jightb 
n ay be om tied and tl e first dist Hate titrated directly Tl e results so obtained get 

higl er tl an tl ose after redutdlation from alkali. The object of the redistulau 
nd of fatty acids of which fornuc acid is one of the most troublesome. 
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denser fitted *rlth a deJIyery tube drawn out to a fine tip. An all-glass ap- 
paratus Is preferred, the joints being lubricated with water; If this Is not 
available, connections may be made with well-fitting cork (not rubber) 
stoppers. As receiver for the distillate, use a 15-mi. graduated centrifuge 
tube, so arranged that the enlarged portion of the delivery tube rests on the 
rim of the centrifuge tube, acting as a cover for It, and the fine tip of the 
delivery tube reaches just to the bottom of the receiver. Place a minimal 
amount of water In the receiver, to cover the tip outlet. Apply heat with a 
microburner to the contents of the distilling flask, slowly at first to prevent 
excessive bubbling In the receiver, and distil over a volume of distillate equal 
to one-third or more of the original volume. Remove the receiver, rinsing ofl 
the tip of the delivery tube with a little water In the process, measure the 
total volume in the receiver, or dilute with water to a definite volume, and 
mix by Inversion. 

For color development, transfer 0.1 ml. of salicy lie aldehyde to a test tube 
graduated at 5 and 10 ml. Add 2 ml. of distillate, followed by 1.5 ml. of satu- 
rated potassium hydroxide solution from a buret with a fine glass tip. Mix 
the contents of the tube by several churning motions with a footed glass rod, 
leave the rod In the tube, and allow to stand 20 minutes at room temperature. 
Final!) add either (A) water to the 10-ml. mark, or <B) aqueous alcohol to the 
5-mJ. mark, rinsing and removing the rod In the process, 'fix by tapping or 
Inversion. Choice between procedures A and D will depend largely upon 
the amount of acetone present; A gives less color than D, and is for larger 
amounts of acetone. This choice can usually be estimated roughly by Inspec- 
tion during the period of color development. For many purposes one pro- 
cedure can be used consistently; both are described to permit the accurate 
— rtf • will* ran<if r>f aretnne rnnrentraf inn. 
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filtered. Transfer an aliquot of the filtrate (the amount depending upon the 
£-hj droxybutyrlc acid content of the urine) to a distilling flask similar to 
that used for the acetone determination, but in addition fitted with a drop- 
ping funnel. Make up the volume in the flask to not less than 30 ml. by adding 
water if necessary, and acidify with three to four drops of 1:1 sulfuric acid. 
Distill ofi one-third or more of the original volume as described for the 
acetone determination, to get rid of preformed acetone and acetoacetlc acid. 
Discard the distillate; It cannot be used for simultaneous acetone determina- 
tion since some acetone is lost bj the treatment with calcium hydroxide and 
copper sulfate. Place a 200-ml. round-bottomed flask in position as receiver 
for the distillate, closed and containing sufficient water to cover the tip of 
the delivery tube as described under “Determination of Acetone,” above. 
Bring the residual solution In the flask (volume of approximately 20 to 60 
ml.) to a boll, and add through the dropping funnel 15 ml. of 1 : 1 sulfuric acid 
and 10 ml. of 0.2 per cent potassium bichromate solution, by drops, during 
the first five minutes of distillation, followed b> 25 ml. of bichromate during 
each of the next two five-minute periods. Regulate the rate of distillation so 
that 50 to 85 ml. of distillate are obtained In 15 minutes. 

Measure the volume of distillate, or dilute to a known volume with water 
and mix, and determine the acetone content of a 2-ml. portion as described 
above. 

Calculation For colon metnc measurement 

Rending of Standard ^ „ .. Distillate Voi ^ 100 _ mg acetone per 

Rending of Unknown 2 Urine Vol 100 ml urine 

where S is the acetone content of the standard in mg , and the \ olumes of distillate, 
and urine whose acetone is contained m the distillate, are measured m ml The stand 
nrd should have an acetone content approximating that of the distillate If this is not 
known, or will vary widely from one unknown to another, a senes of five standards 
may be prepared which will permit the accurate estimation of any concentration of 
acetone in the distillate from 0 05 to 200 mg per cent (0 001 to 4 0 mg per 2 ml ) 
First prepare dilute standard acetone solutions containing 0 1, 10, and 5 0 mg per 
Cent acetone, by dilution of the stock standard Set up fiv e test tubes, each containing 
0 1 ml of salicvlic aldeh} de Add to each the amount of a particular standard as indi- 
cated in the table, follow edb} 1 5 ml of potassium hydroxide solution and subsequent 
treatment for color dev clopnient exactly as described for the anal} sis of an unknown 
Dilute each standard after color dev elopment to the v olume and with the «ol\ ent indi- 
cated in the table The S v nine for each standard, to be used in the calculation, is given 
m the last column of the table 


Final Volume 
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need be prepared If the color of the unknown in the alcohol solvent « more than 
twice that of btandard 3 or in the w ati r solvent more thin tw ice that of Standard 5, 
it may be diluted with the same solvent until approximate color match w ith a stand 
ard is obtained, and then read lleaults m tins event must !*• multiplied by the dilu- 
tion Dilution up to 200-ml final volume a permissible 

For photometric mtaturemenl the acetone content in the 2 ml of distillate taken for 
analysis is estvl Ushed by reference to a calibration curve prepared previously from 
standard acetone solutions The calculation is then 

\fg acetone in Distillate 3ol 100 ^ mg acetone per 

2 ml distillate X 2 X Urine Vol ” 100 ml urine 

To prepare a calibration curve for procedure A (water solvent 10 ml volume), 
2-ml portions of standard acetone solutions containing from 00 to 0 1G mg of acetone 
give a satisfactory curve relating density and concentration at 520 tna and 1 cm 
solution depth (or its equivalent) For procedure B (alcohol solvent 5 ml volume) 
the corresponding range is 0 0 to 003 mg of acetone If the unknown w beyond the 
range of the curve repeat the analysis using a smaller aliquot of distillate (or diluted 
distillate) made up to 2 ml with water, and correct the calculations accordingl> I* 1 
using a calibration curve for photometric measurement the ixpvrimentnl conditions 
during an analysis (time of standing before and after dilution temperature, etc ) 
should be uniform and Bhould reproduce as far as possible those used when the curve 
was constructed For accurate results the curve should be checked at intervals par 
ticularly if new reagents are prepared and reestablished if necessary 

Kcsults obtained by the procedure in which B hydroxy butyric acid is not determined 
(Determination of Acetone and Acetoacetic Acid) represent the preformed acetone 
present as well as acetone equivalent to the acetoacetic acid present which is decom- 
posed into acetone during the analysis In the 0 hy droxybuty ric acid analysis results 
represent the acetone equivalent of the 0 hydroxybutyric acid present For factors used 
to obtain the content of 0-hydroxybutyric acid itself sec previous methods 

1NDICAN 

Methods. Indican (indoxylsulfunc acid) is usually determined by 
oxidation and condensation to form indigo or similar substances, followed 
by extraction with chloroform or other suitable solv ents, and colorimetric 
or photometric estimation in terms of a standard Earlier methods em- 
ployed a standard solution of indigo This type of standard has been 
criticized by Mcihlcjohn and Cohen, 1 ” who state that the final color 
intensity obtained from unne may be deeper than that corresponding to 
a saturated solution of pure indigo in the same solvent These authors 
describe a photometric modification of the method of Sharlit, 170 which 
appears to give satisfactory results and which is based upon calibration 
of the photometer with standard indican solutions In Sharht's pro- 
cedure, developed for visual colorimetry standard indiean solutions may 
also be used, but the author likewise describes an artificial standard con- 
taining cobalt sulfate, whose indican equivalence is defined Kumon 11 
has described a procedure claimed to be quite specific, based upon the 


MeiHejohn and Cohen J Lah dm 3/ed 27, 049 {1941 1942) See also Townsend 
Oytd 23 809 {1927 1938) 

*’* Sharlit J Biol Chem W 537 (1932) 

,TI Kumon Z physiol Chem 2JI 205 (1935) 
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color reaction between indican and ninhydnn It is not felt practical to 
describe any of these procedures here, because of the difficulty of obtain- 
ing pure indicaii for standardization purposes 172 The reader is referred 
to the original papers for details 

Interpretation. The daily excretion of mdican ranges from 10 to 
20 mg per day in normal indivi duals 

Indican is apparently formed within the body from indole produced 
m the intestinal lumen by bactenal action, there is no good evidence 
that either indole or mdican are intermediates m tryptophan metabolism 
by animal tissues In normal individuals, x anations in mdican excretion 
appear to be dependent mamlj upon the diet, a meat diet increasing ex- 
cretion while a milk or carbohydrate diet decreases excretion Pathologi- 
cally the greatest increases are found m disorders m\ ohrng increased 
putrefaction and stagnation of intestinal contents Bactenal decomposi- 
tion of body protein, as m gangrene, putnd pus formation, etc gi\ es rise 
to increases 

PHENOLS 

Method oj Volt err a 171 Principle The urine is distilled from slightly alkaline 
solution to obtain the free xolatde phenol's in the distillate After acidification, a 
second distillate is obtained, this represents the conjugated volatile phenols present 
Ether extraction of the remaining fluid separates the aromatic h>droxj acids from 
residual phenols The significance of these various fractions is discussed under “Inter 
pretation ’’ Each fraction after proper preparation, is treated with the phosphotungs 
tic phosphomolybdic acid color reagent of Folm and Ciocalteu and the resulting color 
compared with that obtamed from a standard phenol solution 

Procedure 174 

(a) Free Volatile Poenols Transfer 10 ml of the well mixed 24-hour sam 
pie of urine to a 250 ml distilling flask fitted with a condenser Add 150 to 175 


171 For method of preparing mdican from the urine of dogs fid indole see Ellineer 
Z physiol Chem 3S 178 (1003) 
m X olterra Am J Clin Path 12 525 5S0 (1942) 

174 Reagents Required Silver Lactate Solution 3 per cent silver laetate in 3 per cent 
lactic acid 

Colloidal Iron Fisher Scientific Companv s Dmlj zed Iron 5 Per Cent is satisfactory 
tcid Sodium Chlortde Solution To 1 liter of a saturated solution of sodium chloride 
add 10 ml of concentrated hjdrochlonc acid 

Phenol Reagent (rohn and Ciocalteu J Biol Chem 73 G°7 (1927)) Into a 1500-ml 
Florence flask introduce 100 g of sodium tungstate NaiWO« 2fl O 25 g of sodium 
moljbdate Na MoO» 211,0 700 ml of water 50 ml of 85 per cent phosphoric acid and 
100 ml of concentrated hjdrochlonc acid and reflux gentlj for 10 hours Add 150 g of 
lithium sulfate 50 ml of water and a few drops of bromine Boil tho mixture for 15 minutes 
witl out condenser to remove excess bromine Cool dilute to 1 liter and filter The reagent 
should have no greenish tint Protect from dust Dilute a portion with an equal volume of 
water before use 

Sfmdart Phenol Sol tton Prepare and standardize a stock solution of phenol con- 
taining 1 mg of pi enol per ml as follows Dissolve a little over 1 g of crj ataltized phenol 
in a liter of 0 1 N hjdrochlonc acid Transfer 25 ml of this solution to a 250-ml flask 
add 50 ml or 0 1 N sodium hvdroxide heat to C5 a C add 25 ml of 0 1 N iodine solution 
stopper the flask and let stand at room temperature for 30 or 40 minutes, \dd 5 ml of 
concentrated hvdrochlonc acid and titrate tie excess of iodine with 01 h thiosulfate 
solution T-ich ml of 0 1 N iodine solution used up eorro**poi da to 1 567 mg of phenol 
On the hi is of the result dilute the remainder of the jhenol solution with 0 1 N nrj 1 to 
give a solution containing 1 mg of phenol per ml This stock solution is quite stable For a 
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ml. of water, followed by sufficient sodium bicarbonate solution to render 
the solution alkaline to litmus Distil, collecting the distillate until 30 to 
40 ml. hare been obtained. Stop the distillation and measure the volume ot 
distillate. Use a 10-ml. portion for the color reaction, as described below. 

(b) Cos xl gate d Yolatilf Phenols When the contents of the distilling flask 
have cooled somewhat, add sufficient dilute sulfuric acid to render distinctly 
acid to Congo red, and start the distillation again. Collect 100 to 120 ml. of 
distillate, then test for completeness of distillation by collecting a separate 
5- ml. portion of distillate and treat this by the phenol color reaction de- 
scribed below, using proportionate!) reduced amounts of reagents. If 
evident color reaction is obtained in this test sample, add 50 to 100 ml- ® 
water to the distilling flask and continue distillation until volatile phenols 
no longer distill over. Only in exceptional cases must more than about 15A 
ml. of distillate be obtained. Measure the volume of distillate, mix, and ust 
a 10-ml. portion for the color reaction. 

(c) Total Aromatic Hydroxy Acids Transfer the acid solution in the dis- 
tilling flask to a 250-ml. separatory funnel, using water for rinsing and dilu- 
tion to about 100 ml., and shake for 3 minutes with 30 to 40 ml. of petroleuff 
ether. Draw off the aqueous layer into a second separatory funnel (discard 
the petroleum ether layer) and shake twice with 30-ml. portions of ordinary 
ether, removing and combining the ether extracts, and saving the residual 
aqueous fluid. Wash the combined ether extracts by shaking with water, 
draw off the water, transfer the ether extract to an evaporating dish, and 
evaporate oil the ether on a steam bath. Just before evaporation is complete, 
add about 5 ml. of water, and then complete the removal of the ether. Trans- 
fer the aqueous fluid remaining to a graduated cylinder and make up with 
rinsings to 10 ml. Mix, dilute 1 ml. to 10 ml. with water, and use this diluted 
portion for color development. 

(d) P.rsiDCAL Phenols Dilute the residue from the ether extraction to 
200 ml. with water. To a 10-ml portion, add 1.0 to 1.5 ml. of silver lactate 
solution, and one to two drops of colloidal iron. Shake, dilute to 20 ml. with 
water, allow to stand 15 minutes, and filter. To 10 ml. of filtrate add 1.0 to 
1.5 ml. of acid sodium chloride solution, dilute to 20 ml. with water, mix, and 
filter. Use 10 ml. of filtrate for the color reaction 

Color Reaction To 10 ml. of unknown In a test tube, add 0.5 ml of diluted 
phenol reagent, followed by 2 ml. of 20 per cent sodium carbonate solution. 
Mix by shaking, and after 20 to 30 seconds place the tube in a boiling water 
bath for exactly 1 minute Remove and cool in running cold water. Comp are 
the color with that obtained by treating 10 ml. of standard phenol solution 
(containing 0 03 mg. of phenol) by the same procedure, at the same time- 

Calculations 

Volatile Phenol t ( Free or Conjugat'd) 

Reading of Standard x mg phenol ml distillate _ mg phenol in 10 mL 
Reading of Unknown * m Standard * 10 ” urine 

Remits on the distillate from (a) gnp the free volatile phenol content and from (W 
the conjugated volatile phenols (both expre««ed as phenol) From the volume of 
urine the total output per 24 hours can f>e calculated 


working standard dilate 0.3 mL of tie stork standard to tOO ml with water and *nl*- 
Thi* aolwlion contains 0 03 mg. of phenol in 10 ml and is made up fresh at the tun* ° 
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Aromatic Hydroxy Acids 

Reading of Standard mg phenol Q _ mg aromatic hjdroxy acids 

Reading of Unknown X in Standard X (as phenol) in ml urine used 

Multiply results by 1 5 to express ra terms of p-h) droxyphenj lacetic acid instead of 
phenol It xnaj be necessary to dilute the 10-ml aqueous solution of ether-soluble 
material of which. 1 ml is used for anal) sis to a greater \ olume to get color match 
with the standard m which case the value 10 in the formula is replaced b) the volume 
after dilution 
Residual Phenols 

Reading of Standard mg phenol ^ = mg residual phenols (as 
Reading of Unknown X m Standard phenol) in ml urine used 

Interpretation. Results on normal and pathological urine by this 
method indicate that free \ olatile phenols (phenol, p-cresol, etc ) are 
ordinarily present only m traces if at all, and these findings are in agree- 
ment with the results of others (Deichmann and Shafer, 175 Schmidt 176 ) 
using different methods Conjugated phenols range in amount from 20 
to 70 mg per day normally, and do not appear to be significantly altered 
in amount by diet or fasting at least in short experiments Pathologically, 
increases m conjugated phenols have been noted in conditions associated 
with extensive tissue destruction and in intestinal obstruction Ingestion 
of phenol or benzene likewise leads to increases Aromatic hydroxy acids 
(p-hydroxyphenylacetic acid, p-hydroxyphenylpropiomc acid, p hydroxy- 
benzoic acid, p-hydroxyphenyllactic acid, and possibly p-hydrox> phenyl 
pyruvic acid) are excreted normally m amounts ranging from 50 to 90 
mg (as p-hydroxyphenylacetic acid) per day Pathological variations 
have not been extensiv ely studied According to Schmidt (loc cit ), about 
two-thirds of the total aromatic hydroxy acid excretion is normally in 
the free form and one-third m the conjugated form The significance of 
the “residual phenol" analysis is obscure Values ranging from 150 to 
500 mg per day are found normally, but it is generally recognized that 
many nonphenolic substances, such as imidazoles, etc , are included in 
this fraction, rendering interpretation difficult Values for residual phenols 
as obtained by the method described here correspond roughly to the 
total phenol \alues of the admittedly nonspecific method of Foltn and 
Dems 177 

SULFONAMIDES (SULFA DRUGS) 

Method of Bratton and Marshall 171 Principle The principle is the same as that 
applied to the determination of sulfonamides in blood (p 057) The protein free urine 
is trolled with nitrous acid to dmotize an) free sulfonamide present excess nitrous 
acid is destroj ed and the diazotized sulfonamide is coupled with A (1 naphthyl) 
cthj lencdiamme to form a stable red color which is then compared with a standard 
treated in the same w a) Total sulfonamide is determined after h> drol> sis w ith acid 
The difference between free and total sulfonamide represents aeet)lated sulfonamide 


1,1 Deichmann and Shafer Am J Clin Path 12 120 0912) 
,7 ‘ Schmidt J Biot Chcm 145 533 (1942) 

«« Tohn and Denis J Btc*. C«em 22 205 (1915) 

”• Bratton and Marshall t Biot Chtm 128, 537 (1939) 
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Procedure *” Transfer 1 ml of urine to a 25 ml volumetric flask anil dilute 
to the mark with water Mix, and place 2 ml of the diluted urine In a sma 
flask From a buret add 30 ml of water, followed by 8 ml of 15 per cent tn- 
choloroacetic acid Mix and filter 

Free Sulfonamide Transfer a 10 ml portion of the trichloroacetic acid fil 
trate to a small flask or wide test tube, and treat with nitrite, sulfamate, etc , 
exactly as described for a blood filtrate (p 658) 

Total Sulfonamide Transfer a 10-ml portion of filtrate to a test tube or 
other container graduated at 10 ml , and add 0 5 ml of 4 N hydrochloric acid 
Place in a boiling water bath for 1 hour, cool, and make up to 10 ml with 
water Continue with treatment with nitrite, sulfamate, etc , as for free 
sulfonamide 

Compare the final color obtained against a suitable standard as described 
for blood analysis, the same standards being satisfactory If the urine is 
unusually low or high in sulfonamide content, the determination is repeated 
on a more satisfactory dilution of the sample In every case, however, the 
final 10 ml portion analyzed should contain 3 per cent trichloroacetic acid 
The calculation is the same as for blood analysis, except that the dilution of 
the urine (1 e , in the present Instance the dilution Is 500) replaces the value 
20 In the blood calculations Either a colorimeter or a photometer may be 
used, as with blood 

The procedure as described provides for urine containing protein as 
■well as protein free urine If the unne is known to be free from protein 
the treatment with trichloroacetic acid may be omitted The urine w 
diluted so as to contain from 1 to 2 mg per cent of sulfonamide, and then 
50 ml of this diluted unne, plus 5 ml of 4 Is hydrochlonc acid are diluted 
to 100 ml with water Free sulfonamide is determined on a 10-ml portion 
of this final dilution as with a blood filtrate Total sulfonamide is deter 
mined on a 10-ml portion heated without further addition of acid, made 
up to v olume, and the analysis continued as above 

Interpretation. As wnth blood, the sulfonamide content of unne maj 
vary between wide limits The procedure as descnbed is satisfactory for 
urines containing from 50 to 500 mg per cent If smaller or larger amounts 
than this are present other suitable dilutions must be made 

Sulfonamides found in the unne may be either in the form of the free 
drug its aeetylated derivative,'* 0 or oxidized forms possibly combined 
wnth glucuronic acid m Only the aeetylated derivative does not respond 
to the eolonmetne procedure, the difference between free and total *>ul 
fonamide therefore represents aeetylated sulfonamide The proportion of 
free drug to its various derivatives depends upon a number of factors 
of which the nature of the sulfonamide itself is perhaps most important, 
sulfanilamide is relatively little aeetylated as compared to sulfadiazine, 
for example Clinically the sulfonamide content of the unne is of impor- 
tance in at least two respects, the«e include the possible formation of 


•’• The reaeenU required are the nm« as those described on p 658 for the determination 
i sulfonamides in Mood 

'•* Marshall Bratton and Litchfield Science SS, 597 (193$) 

i*i Scudi Scene* VI 4*6(1910) ofroSctidi and Jelmek J Pharmacol SI 218 (1M« 
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urinary calculi by the insoluble and precipitated drug, and the possibility 
of renal damage and hematuria associated with the deposition of crystal- 
line sulfonamide or acetylsulfonamide in the renal tubules Studies on 
these two possible manifestations of sulfonamide excretion have shown 
that the various sulfonamides and their derivatives differ significantly in 
their solubility in urine and in their propensity to precipitate out, either 
in the renal tubules or in the urine itself ; in general, the therapy consists 
of maintaining an alkaline urine, since the compounds responsible are 
more soluble at alkaline reaction. Thus far, only the free drug and its 
acetylated product appear to be involved here; other excretory forms of 
the sulfonamides, where they have been recognized, are quite soluble. 

UROBILINOGEN 

Method of Wallace and Diamond: 1 ** Principle. A series of dilutions of urine is 
carried to the point 'where the red color resulting from the reaction between urobilino- 
gen and Ehrlich’s aldehyde reagent is just discernible This method is regarded as 
more accurate than the spectroscopic method of Wilbur and Addis 1,1 A more ex- 
tended, and probably more accurate, method for the determination of urobilinogens 
in. urine and feces is described by Watson el al 144 It has been shown that both meso- 
bihrubinogen and stercobilirubinogcn give the Ehrlich aldehyde reaction Interfering 
substances can bo extracted w ith petroleum ether 

Procedure. One ml. of Ehrlich’s aldehyde reagent 144 Is added to 10 ml. of 
undiluted urine and allowed to stand I to 3 minutes. An idea as to the quan- 
tity of urobilinogen Is gained by noting the rapidity and intensity of color 
development. Dilutions are not carried out if the color remains a light red 
(normal values). For higher concentrations, prepare a series of dilutions of 
the urine from 1 : 10 to 1 :200, or higher, as indicated by the preliminary test. 
Tap water may be used, but should not be too cold. Add 1 ml. of the reagent 
to each dilution and after 3 to 5 minutes note the highest dilution that shows 
a faint pink discoloration. Express the result in terms of this dilution. The 
test Is best performed fn daylight but fn the absence of bright sunlight. 

Interpretation. The appearance of the color in dilutions up to 1:20 
may be regarded as normaV Constipation may produce a temporary rise 
in urobilinogen. This substance is believed to originate by reduction of 
the bile pigment. The latter may be extrahepatic as well as hepatic in 
origin (see p, 592). Excessive amounts of urobilinogen are, therefore, 
excreted in diseases of the liver and biliary tract, including toxemias of 
pregnancy, infectious diseases, and alcoholic intoxication, and in hemo- 
lytic diseases, including poisoning by lead, sulfonal, mushrooms, and 
hemolytic poisons in general 184 It is claimed that urinary urobilinogen 
affords no accurate index to blood decomposition; according to Miller, 

1 « V all ice and Diamond* Arcft. Internal Med , 35, COS (1925). 

*•* Wilbur and Addis Arch Internal Med , 13, 235 (1914). 

•»* Watson, Schwartx. Sborov, and Bertie: Am. J. Clin. Path., H, COS (1044): Watson 
and Hawkui'On. ibid , 17, 10S (1947). 

*** See Appendix. 

Sulfonamides in tbo urine mil interfere since they likewise reart with Ehrlich's aide- 
hjde reagent If the> arc present, acidifj the urine and shake with petroleum ether. Shake 
the petroleum ether extrnrt with aqueous alkali and carr^ out the test on the final neutral- 
»xed aqueous extract. 
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Singer, and Daraeshek, 1 ” however, the fecal output of urobilinogen is of 
value in this connection 


OXALIC ACID 

Earlier methods for the determination of oxalic acid in urine were 
based on the precipitation of calcium oxalate from a large \olume of 
unne Difficulties m obtaining satisfactory checks were attributed to 
the effect of magnesium, phosphate, and sulfate ions upon the solubility 
and rate of crystallization of calcium oxalate The following procedure is 
directed toward correcting the deficiencies in the older methods 


Total Oxalic Acid (Method of Pouers and Leiatm 1 **) Principle The urine 
is aci 1 hydrolyzed (to decompose any oxalunc acid) and the oxalic acid separated 
from interfering ions by extraction with ether The extract is precipitated as cal 
cram oxalate and dissolved in acid permanganate solution and back titrated with 
thiosulfate 


Procedure An all glass continuous liquid liquid extraction apparatus Is 
used, as shown In Fig 256 This consists of a 25 ml test tube in which is 
placed a funnel shaped tube made from 



half a 25 ml pipet having an over 


all 


length of about 200 mm The stem end is 
sealed and 4 holes punched through the 
sealed end with hot wire The tube Is sus 
pended to an outer tube (25 X 300 mm ) 
by means of a nichrome wire around Its 
Up or through a small hole near the top 
of the inner tube This also serves tosepa 
rate the cold-finger condenser slightly 
thus providing a vent 

Of the well mixed 24-hr urine sample 
(preserved If necessary with a few ml of 
formaldehyde), transfer 25 ml to a volu- 
metric flask, add I ml concentrated 

hydrochloric acid, mix by Inversion and 
heat by immersion in boiling water for 30 
minutes Cool and filter 

Into the outside tube of the extraction 
apparatus place several glass beads, 2 ml 
of water and 25 ml of ether Introduce 
10 ml of the arid hydrolyzed urine fil 
trate Into the inside tube and assemble 
the apparatus as shown In Fig 256 Ex 
traction may be carried out on an electric 
hot plate covered with an asbestos sheet 
In which a I 5 cm hole Is cut, the walls 
of the extractor being thus protected 
from overheating and loss of ether Dur- 
ing the extraction a good flow of cold water must be passed through the con- 
denser and the heating regulated so that the ether drips at the rate of about 


Fig 2oG All-Glass Contivcols 
I tqilD-I iqlid Extraction Appa- 

HATLS 

Co«rl«r Po»fn and Lent a. 


!!! ' I,ner C ‘ n ** r ttn<1 Dameshek Arch Internal Med 70 722 (1942) 
Powers and LevaUn J J5»ot CKem. 154 207 (1944) 
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100 drops per minute. If necessary, add a little more ether. {Warning — avoid 
getting ether vapors near hot plate*) Extract for 6 hours. 

Disconnect the apparatus. Lift the inside tube, rinsing It down with 2 ml. 
of ethanol from a pipet before removing. Add 1 ml. of 2 percent acetic acid to 
the contents of the outside tube, shake by twirling to mix the water and ether 
layers (the presence of water is necessary to avoid oxalic acid loss on evapora- 
tion to dryness) and drive off the ether by immersion in a water bath at 
70° C. while continuously shaking. 

Transfer the aqueous residue into a 15-mi. centrifuge tube by means of an 
aspirating device (see Fig. 183, p. 695). The tip of the centrifuge tube should 
be drawn out slightly to an Inside diameter of 1 mm. so as to facilitate the 
handling of the small precipitate. Rinse down the walls of the outside tube 
with two 2-mI. portions of ethanol, transferring each rinsing to the centri- 
fuge tube. 

Add 5 ml. of 10 per cent calcium chloride to the contents of the centrifuge 
tube and stir with a gentle current of air introduced through a fine capillary 
tube. Overlay with 2 ml. of acid-ethanol solution (60 ml. ethanol, 10 ml. 2 
per cent acetic acid, 20 ml. water) which prevents surface accumulation of 
the oxalate precipitate. Let stand overnight. Centrifuge at 2,000 r.p.m. for 
30 minutes, decant, and invert on filter paper to drain. Rinse down the wall 
of the centrifuge tube with 2 ml. of acid-ethanol solution and thoroughly 
break up the precipitate with a fine glass rod. Remove the rod after rinsing it 
with 3 ml. of acid-ethanol solution. Centrifuge, decant, and drain as above. 
Drive off residual alcohol by heating in an oven or boiling water bath for a 
few minutes. 

Add 1 ml. of 20 per cent sulfuric acid and 0.5 ml. of 1 per cent manganese 
sulfate. Break up the precipitate with a fine glass rod which Is rinsed with a 
few drops of water before removal. Add exactly 3 ml. 0.01 N potassium per- 
manganate. Stir with air current and let stand 8 10 minutes. Add 0.5 ml. 
of 10 per cent potassium iodide, mix by twirling, and follow with 4 drops of 
soluble starch solution (see Appendix) and 2 drops of a saturated solution of 
barium hydroxide. (The barium sulfate precipitate facilitates visualization 
of the end point of the titration.) Titrate the excess permanganate with 
0.01 N sodium thiosulfate from a 5 ml. microburet. Read to nearest 0.01 ml. 

A titration reagent blank should be run in parallel. For this purpose dis- 
tilled water may be used in place of the oxalate solution. 

Calcui-ation. 

In the follow ing equation t ia the mi of 0 01 N thiosulfate used m the hack titration, 
b is the ml used in the reagent blink. 

0 45(3 — / — 6) X X olume _ mR total oxalic acid 1 *’ in 21-hour urine 

Interpretation. From 15 to 50 mg. of oxalic acid is excreted l>y a 
normal adult on an ordinary mixed diet It arises from oxalates of the 
food ingested and from fat and pTotcin metabolism It is increased by 
the ingestion of apples, grapes, cabbage, etc , although most of the in- 
gested oxalate is destroyed It is increased in disturbances of metabolism 
associated with decreased oxidation, according to certain obseners. The 
term “oxaluria” has been largely a misnomer. 
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SULFUR 1 ” 

Gravimetric Procedures 

I Total Sulfates ( Fohtt’s Method) Principle The sulfunc acid of the con 
jugated sulfates 13 set free by boiling with acid The total sulfates are then precipitated 
with barium chloride 

Procedure. Place 25 ml of urine in a 200 to 250 ml Erlenmeyer flask, add 
20 ml of dilute hjdrochlonc acid 1 * 1 (1 volume of concentrated HC1 to 4 
volumes of water), and gently boll the mixture for 20 to 30 minutes To 
minimize the loss of water by evaporation, the mouth of the flask should be 
covered with a small watch glass during the boiling process Cool the flask 
for 2 to 3 minutes In running water, and dilute the contents to about 150 ml 

by means of cold water Add 10 ml of a 5 per cent solution of barium chforfde 

slowly, drop by drop, to the cold solution 1,1 The contents of the flask should 
not be stirred or shaken during the addition of the barium chloride Allow the 
mixture to stand at least 1 hour, then shake up the solution and filter It 
through a weighed Gooch crucible m 

Wash the precipitate of BaSOi with about 250 ml of cold water, dry it 
in an air bath or over a very low Same, then ignite,'* 4 cool, and weigh 

Calculation Subtract the weight of the Gooch crucible from the weight of the 
crucible and the BaSOi precipitate to obtain the weight of the precipitate The weight 
of S m the volume of urine taken may be determined by means of the following 
proportion 

Mol wt Ba^O» g BaSO» = Mol wt S z(g S) 

Representing the weight of the BaSOi precipitate by y and substituting the proper 
molecular weights we hav e the following proportion 

233 43 y -» 32 OG x(g S in the quantity of urine used) 

Calculate the quantity of S in the 24 hour epocimen of unne 

Interpretation. The total sulfate excretion (ethereal and inorganic 
sulfates) bj a normal adult on a "mixed diet is usually between 0 0 a n< * 
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2 g. S with an average of about 1.0 g The sulfuric acid is derived but to a 
slight extent ordinarily from ingested sulfates, being mainly dependent 
on the sulfur of the protein metabolized, and will consequently vary 
widely with the level of protein metabolism. From 75 to 95 per cent of 
the total sulfur of the urine is ordinarily found as sulfate, the proportion 
being greatest on a high-protein diet. The sulfate excretion is increased 
in all conditions associated with increased decomposition of bodj' protein 
as in acute fevers and decreased whenever there is a decrease in metabolic 
activity. 

2. Inorganic Sulfates ( Folin’s Method): Place 25 ml. of urine and 100 ml. 
of water in a 200- to 250-ml. Erlenmeyer flask and acidify the diluted urine 
with 10 ml. of dilute hydrochloric acid (1 volume of concentrated IIC1 to 

4 volumes of water). In case the urine Is dilute, 50 ml. may be used instead 
of 25 ml. and the volume of water reduced proportionately. Add 10 ml. of 

5 per cent barium chloride slowly, drop by drop, to the cold solution, and 
from this point proceed as indicated In the method under "Total Sulfates," 
above. 

Calculate the quantity of inorganic sulfates, expressed as S, in the 24-hour 
urine specimen. 

Calculation. Follow the directions given under Total Sulfates, above 

Interpretation. On an average, about 90 per cent of the total sulfates 
of the urine exists as inorganic sulfates, but the proportion of the sulfates 
existing in this form varies widely, being greater on a high protein diet 
than on a very low protein diet The amount varies with the total sulfates 
(see above). 

3. Ethereal Sulfates (Folin‘s Method ): Principle. The inorganic sulfates are re- 
moved with barium chloride and the conjugated sulfates then determined after 
hj drolj sis. 

Procedure. Place 125 ml. of urine In an Erlenmeyer flask of suitable size, 
dilute It with 75 ml. of water, and acidify the mixture with 30 ml. of dilute 
hydrochloric acid (1 volume of concentrated IICI to 4 volumes of water). 
To the cold solution add 20 ml. of a 5 per cent solution of barium chloride, 
drop by drop. 1 ** Allow the mixture to stand about one hour, then filter It 
through a dr> filter paper, 1 ** Collect 125 ml. of the filtrate and boll It gently 
for at least one-half hour. Cool the solution, filter off the precipitate of 
BaSO ( , wash, dry and ignite it according to the directions given on p. 946. 

Calculation The a eight of the BaSO» precipitate should be multiplied by 2 since 
only one-half (125 ml ) of the total \ olumc (250 ml ) of fluid u as precipitated by the 
barium chloride The remaining calculation should be made according to directions 
given under "Total Sulfates,'’ above 

Calculate the quantity of ethereal sulfates, expressed as S, in the 21-hotir urine 
specimen. 


*** Seo footnote 192, p 9-16 

**• Tins precipitate oon't«t« of the inorganic sulfates If It is desired this BaNO« pre- 
cipitate maj bo collected in a Gooch crucible or on an ordinary qusntitntn e filter paper and 
a determination of inorgintc sulfates made, u«inR the same technique as that eiuyjosted 
alwve In this wav vse are enabled to determine the inorganic and ethereal sulfates m the 
same sample of untie 
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Interpretation. The excretion of ethereal sulfates (expressed as S) 
\anes ordinarily from 0 04 to 0 1 g per day comprising from 5 to 15 per 
cent of the total sulfur excretion The absolute amount of ethereal sul/ate 
increases with increase m the protein of the diet and particularly with 
increase of putrcfactne processes m the intestine or elsewhere The 
amount excreted cannot, however, be taken as an index of the extent of 
intestinal putrefaction 

4 Total Suffur w ( Benedict’s Method"*) Principle The unne is evaporated 
and ignited with a solution of copper nitrate and potassium chlorate Organic matter 
is thus destroy ed and all unoxidized sulfur is oxidized to the sulfate form and can be 
readily precipitated with barium chloride m the usual manner The method is very 
convenient and accurate 


Procedure Ten ml of urine is measured Into a small (7 to 8 cm ) porcelain 
evaporating dish and 5 ml ”* of Benedict’s sulfur reagent* 0 * is added The 
contents of the dish are evaporated over a free flame which Is regulated to 
keep the solution just below the boiling point, so that there can be no loss 
through spattering When dryness is reached the flame Is raised slightly 
until the entire residue has blackened The flame Is then turned up in two 
stages to the full heat of the bunsen burner and the contents of the dish 
thus heated to redness for 10 minutes after the black residue ( which first 
fuses) has become dry This heating is to decompose the last traces of nitrate 
(and chlorate) The flame is then removed and the dish allowed to cool more 
or less completely Ten to 20 mi of dilute (1 4) hydrochloric acid are then 
added to the residue In the dish which is then warmed gently until the con 
tents have completely dissolved and a perfectly clear, sparkling solution I* 
obtained This dissolving of the residue requires scarcely 2 minutes W ith the 
aid of a stirring rod the solution is washed Into a small Erlenmeyer flash, ^ 
diluted with cold, distilled water to 100 to 150 ml 10 ml of 10 per cent barium 
chloride solution added drop by drop and the solution allowed to stand for 
about an hour It Is then shaken up and filtered as usual through a weighed 
Gooch crucible Controls should be run on the oxidizing mixture 

Calcilatiov Follow directions mien under Total Sulfates p 94G Calculate 
tl c quantity of sulfur expressed as S m the 24-hour urine specimen 

Interpretation The total sulfur excretion averages about 1 0 g P cr 
day, expressed as S It tuns more or less parallel with the decomposition 


” For deterrninat on of total sulfur in other biological materia] see tl e met! od of Stock 
fc ISoYltrU ) 1 (P W3) ^ ' JW Po!lock snd Partansky Ind Eng Chem Anal Ed 
" Benedict J Bud Chem 4 3C3 (1909) 

1 ” “ “ * “ rir *V’ concentrated t) e quantity should be slightly increased 

k rj stallued copper nitrate sulfur free or of known sulfur cm tent 200 g- 
tvxl um or pc tavium chlorate 50 e 

n»tilled water to JOOO ml 

Uema suggested the u— of the following sr lution 

bo<l um el 1 r le g 

Arnn nl im t trate „ 
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of endogenous and exogenous protein and a definite ratio between the 
excretion of total N and total S might be expected, however, no constant 
value can be given See 1 ‘Total Sulfates, p 946 ” 

5 Total Sulfur (Osborne-Foltn Method™) Principle This method depends on 
the destruction of organic matter bj means of sodium peroxide It is employ ed particu 
larlj for the determination of sulfur in foods and feces Benedict's procedure (see 
above) is simpler and full} as satisfactory for urine 

Volumetric Procedures 

6 Volumetric Determination of Ethereal and Inorganic Sulfates and Total 
Sulfur {Ftske's Modification of the Method of Rosenheim and Drummond ) 
Principle The suIfateB of the urine are precipitated b} means of benzidine solution, 
the precipitate of benzidine sulfate being filtered off and the sulfuric acid of the com 
pound titrated with 002 N NaOU, using phenolsulfonephthalcm (phenol red) as an 
indicator This is possible because the benzidine is a v cry weak base and its sulfate 
readily dissociates It is neccssarj that excess of II Cl be avoided in the precipitation 
process For critical studies of this procedure see Owen 103 and Mclvittrick and 
Schmidt* 04 Kahn and Lieboff* 0 * have described a colorimetric method for sulfate 
ba*=cd on diazotization of the benzidine sulfate and coupling « ith phenol m alkaline 
solution 

Procedure 

(a) Removal op Phosphate This step is necessary for the highest accuracy, 
especially where the proportion of phosphorus to sulfur may be high, as m 
half hourly specimens of urine For 24 hour specimens where the highest 
accuracy is not desired It may be omitted 

Transfer to a 100 ml volumetric flask enough urine (usually 10 to 20 ml ) 
to contain about 10 to 20 mg of sulfur as sulfate Dilute to about 50 ml with 
water Add one drop of phenolphthalein solution and then concentrated am- 
monium hydroxide drop b> drop to a faint pink color Add 10 ml of 5 per 
cent ammonium chloride and about I 5 g of finely powdered magnesium 
carbonate Make to mark, stopper, mix thoroughly by shaking for 1 minute, 
and let stand for 30 minutes Using a dr> filter, filter Into a dry flask This 
filtrate Is used for the three following determinations 

(b) Inohcamc Sulfvte PIpet5mI of the filtrate Into a large pyrex test tube 
with flaring lip Add 2 drops of a 0 04 per cent alcoholic solution of bromo- 
phenol blue and 5 ml of water Add approximate!} N IIC1 until the last trace 
of blue disappears and the solution is yellow Add 2 ml of benzidine solu- 
tion 105 Let stand for 2 minutes Add 4 ml of 95 per cent acetone and let 
stand for 10 minutes Prepare a thin mat of paper pulp in a filtration tube 
(sec Tig 257) * 0T This mat should first be washed with water and then sucked 
dry Filter off benzidine sulfate with very gentle suction Wash down the 
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sides of .he tes. ..he with , -L-W 

tlon tube. Wash twice more with 1 ml. and finally w o( 

about 2 ml. of water and ftohe the m. ^ with a wj « »u throuBl t th rf water . 
the tube into the pyre, test tube, rinsing the wire with a P „ it h 

kept suspended in the mouth of the tes. tube and the 
alkali run through the filter tube to dissolve adherent 
sulfate. Rinse the Inner tube with 2 to 3 ml. o 
heat the solution to boiling so that the tube Is further 
washed with condensed steam, and finally rlnse th 
inner tube with a few ml. more of water and remove. 
Titrate to a definite pink color that remains after boding. 

CalcuL-vtios The sulfate titrates like free sulfunc acid me 
ml 0 02 X NaOlI is equivalent to 0 32 mg S Multiply 
buret reading by 0 32 to get mg inorganic S in 5 mi filtrate 
(el Total Solvate (Inorganic avo Etueheal) To 5 • 

of filtrate In a 100-mi. beaker add 1 ml of approxima y 
Fto 257 Filtra- 3 N IIC1. Heat on a water bath to dryness and for 
tios Tens for minutes longer. Transfer to a pyrex tube with up u« *- 
Sulfur Determ:- fi ve 2-ml. portions of water, add 2 ml. of benzidine s 
nation (Fibre) *•* tloiIj an d proceed as In the method for inorganic sulta 
The calculation Is the same 

(d) Tthereal Sulfate Subtract inorganic from total sulfate. The dlBere 

is ethereal sulfate. «„lfur 

(e) Total Sulfur Transfer approximately 0 25 ml. of Benedict a i •» 
reagent (see p. 948) and 5 ml. of filtrate to a small evaporating dish (b c m.j. 
Evaporate carefully to dryness on wire gauze or hot plate. Gradually ln " ea 
heat, finally Igniting at red heat for 2 minutes over free flame. Let cool to 
minutes. Add 1 ml. of 3 N 1IC1 and evaporate to dryness at low heat. ‘ 
mixture will turn from green to brown Transfer to a pyrex tube with a I 
with the aid of five 2-ml. portions of water. Add 1 drop of N HC1 and 2 mi- 
benzidine solution. Complete the determination as In the methods above t> 
in place of the first 1-ml. portion of acetone, in washing use 2 ml. of 50 P cr 
cent acetone The calculation Is the same as above. 

(f) Nfutrai Sulfur. Subtract from the total sulfur the total sulfate o 
determined above The difference is neutral or unosldtzed sulfur. 



Interpretation. The neutral sulfur of the unne is made up of cystine 
and related substances, thiocyanate, oxyprotcic acids, etc It makes up 
ordinarily from 5 to 25 per cent of the total sulfur of the urine, or on the 
average 0 OS to 0 10 R per day calculated as S The absolute amount is 
fairly' constant for a Ri\cn individual througli wide variations of protein 
intake, indicating that its origin is mainly endogenous, that is, that i 
nn"C3 pnncipally from the decomposition of tissue protein On tin 
account the percentage of the total sulfur excretion existing in the ncutri 
form may me to 2» per rent on a very low protein diet and decrease o 
5 per cent on a high-protein diet, the absolute amount remaining near > 
constant In fasting percentages as high as 70 have been noted In man> 
disorders, as tulxtiuloM* tains r cystmuna, etc, the amount may’ 
ulativtly and in some ta-es at^oluldy increased, but no fixetl rt lation** 
have been determined for the various conditions 
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PHOSPHORUS 

1. Determination of Inorganic Phosphate ( Method of Fiske and Subba- 
i?om 50S ).* Principle. Phosphate reacts with roolybdic acid to form phosphomoly bdic 
acid On treatment with 1,2,4-ammonaphtholsulfonic acid, phosphomoly bdic acid is 
selectively reduced* 0 * to produce a deep blue color (‘‘molybdenum blue”), which is 
probably a mixture of lower oxides of molybdenum This color is then compared in a 
colorimeter or photometer with that obtained from a suitable standard phosphate 
solution treated in the same way. 

Procedure , 4U Measure into a 100-mi. volumetric flash enough urine* 11 to 
contain between 0.2 and 0 8 mg. of inorganic phosphorus (usually 1 or 2 ml.). 
Add water to bring the total volume to about 70 ml , followed by 10 ml. of 
Molybdate I reagent. Mix by gently shaking and add 4 ml of aminonaph- 
tholsulfonic acid reagent. Again mix, dilute to the mark with water, mix 
several times by inversion, and allow to stand 5 minutes 

At the same time, transfer to a similar flask 5 ml of standard phosphate 
solution, containing 0.4 mg. of phosphorus, 65 ml. of water, and the same 
reagents that were added to the urine sample, mixing as above. Dilute to 
the mark with water, mix well by inversion, and allow to stand 5 minutes. 
For photometric measurement, prepare a blank solution by treating 70 ml. 
of water m a 100-ml. flask with the same reagents that are used for the stand- 
ard and unknown, dilute to the mark with water, and mix by inversion. 

For colorimetric measurement, match the standard against itself at 20 
mm. and compare the unknown against the standard For photometric 
measurement, determine the density of the standard and of the unknown 
in a photometer at 660 to 720 mp, setting the photometer to zero density with 
the blank. 

Calculation For colorimetric measurement 

Reading of Standard ^ q ^ inorganic phosphate (as P) 

Reading of Unknown in the volume of urine used 

An unknown reading betw een 5 and 40 mm is acceptable w ith the standard at 20 mm , 
if the unknown reads outside this range, repeat the analysis on a smaller or larger 
volume of urine Results are usually expressed in terms of grams (or mg ) of inorganic 
P per 24-hour v olume of urine 

For photometric measurement 

Density of Unknown ^ q ^ = inorganic phosphate (as P) 

Density of Standard in the v olume of urine used 

104 Fiske and SubbaRow J Biol Chem 66, 375 (1925) 

»»» Various other reducing agents have been proposed (see discussion on p C30), of which 
stannous chloride has perhaps found most fay or A method using stannous chloride has 
been suggested ,l ° Stannous chloride has the adyantage of being more stable than nnnno- 
naphtholsulfomc acid solution, and of giving a more intense color, thus permitting the use 
of smaller y olumcs of urine This latter appears to be of little y alue in urine anal) ms and a 
disady antage of stannous chloride is that the color producer! changes in intensity on stand- 
ing and maj not obej Beer s law. thus requiring careful technical control, particular!} in 
photometric measurement 

us Youngburg and Youngburg J Lab Clin Ifcrf , 16, 15S (1930) 

The reagents required and the standard phosphate solution, are described on p 63t 
»n connection with the determination of blood inorganic phosphate 

*i« If albumin is present and the addition of raolj bdatp produces a turbiditj , treat the 
urine with 4 \ olumcs of 10 per cent trichloroacetic acid, stopper, shake and filter, and 
repeat the determination using 2 to 10 ml of filtrate If y cry low in phosphate so that more 
than 10 tnl of filtrate must be used follow tfio method for blood filtrates (see p OH) 
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In a 1-tm cuvette, and at 660 mu the dezimtv of the standard IS appranmatel) 

0 500 (see Fig ICO p 632) Lnder the»* conditions up to 0 8 mg of phosphorus ma 
bo accurately determined If larger amounts are present or if a deeper cuvette u 
used the determination is earned out on a -mailer portion of unne (and standard, u 
ncccssarj) and the calculations are corrected according!} 

Interpretation. The excretion of phosphoric acid is extremelj \ anable 
but on the aterage the total output for the 21 hours is about 1 1 g ** 
pressed as P, main!} in the form of phosphates The greater part of the 
phosphate excretion arises from the ingested food, either from the pre- 
formed phosphates or more cspeciall} from the organic combinations as 
pho->pho- and nucleoprotems The excretion is consequent!} \ er} largel} 
dependent upon the phosphorus content of the diet Some of the pho-- 
phone acid results from the breakdown of the tissues of the bod}, and 
this endogenous phosphoric acid excretion is increased in conditions o 
increased metabolism as in fe\ ers The findings in pathological conditions 
ha\e been somewhat contradictor} due to lack of control of diet The 
so-called “phosphatunas” nearl} always represent decrea‘*ed acidit\ and 
not increased phosphate content of the unne Such conditions are how 
e\ cr, significant as indicating a possible tendenc} to the formation o 
phosphatic calculi 

2 Total Phosphates ( Uranium Acetate Method ) Principle Standard 
uranium acetate is run into a measured quantity of unne until all of the phosphate baa 
been precipitated as insoluble uranium phosphate An excess of uranium is indicated 
by a reddish coloration with potassium ferroc> arude This method is accurate an 
gives practicalh the total phosphorus of unne inasmuch as the latter exists generall} 
almost entirel} as phosphates 

Procedure To 50 ml of urine in a small beaker or Erlenme}er flask add 5 
ml of a special sodium acetate solution* 1 * and beat the mixture to the boiling 
point From a buret, run Into the hot mixture, drop by drop, a standard 
solution of uranium acetate* 14 until a precipitate ceases to form and a drop 
of the mixture when removed by means of a glass rod and brought into con 
tact with a drop of a solution of potassium ferrocj anlde* u on a porcelain test 
tablet produces instantaneous!} a brownish red coloration Take the buret 
reading and calculate the P content of the urine under examination 

Calcl lation Multiply the number of mb or uranium acetate solution used bi 0 &f2 
to determine the number of grams of P in the M ml of unne used To express ^ 

5 * The podium acetate solution is prepared bj dissolving 100 g of sodium acetate in 
R00 ml of distilled water adding 100 mi of 30 per cent acetic acid to the solution an 
making the volume of the nurture up to I liter with water , 

* * Cranium Acetate Solution Dissolve about 35 0 g. of uranium acetate in 1 
water with the aid of heat and 3 to 4 mL of glacial acetic acid Let stand a few day* 
filter Standardize against a pho*phate solution containing 0 002 g of P per ml 
purpose dissolve 13 4 SO g of pure air-dry sodium ammonium phosphate (N»NIIiHP°< *r 
4HjO) in water to make a liter To 20 ml of this phosphate solution in a 200-mL h*** 
add 30 ml of water and 5 ml of sod um acetate solution (see abos e) and titrate with toe 
uranium solution to tl e correct end-reaction as indicated in the method above If et *Vn 
20 ml of uranium v lution are required 1 ml of the solution is equn nlent to 0 00^ g 
If stronger than this dilute accordingly and check again by titration. 

* * A 10 per cent solution of potassium f error} an de is satisfactory Cochineal in 30 p*’ 
cent alcol ol may be used as an indicator It u added d re*-tl} to the unne after tbe nr * n ^ e 
acetate titration produces no further precipitate A green <r lor is tie end reaction * 
aw of cochineal u more convenient but rather less accurate than the procedure inrol rlD 
the use of tl e ferrocy amde 
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result m percentage of P, multiply the xalue just obtained by 2, e g , if 50 ml of 
urine contained 0 074 g P, it would be equivalent to 0 148 per cent 


3. Total Phosphorus: Principle. Although urine phosphorus exists almost en- 
tirely as inorganic phosphate and the determination as such is u'mally sufficient, a 
strictly total phosphorus determination requires the destruction of organic matter 
This is brought about by heating with sulfuric acid and hydrogen peroxide The 
determination is otherwise the same as for the colorimetric determination of inorganic 
phosphate 

Procedure. Place sufficient urine to contain between 0.2 and 0.8 mg. of total 
phosphorus (usually 1 to 2 ml.) In a large pyrer test tube (200 by 25 mm.), 
add 10 ml. of 5 N sulfuric acid (or 5 ml. of 10 N acid), and a quartz chip to pre- 
vent bumping. Heat over a microburner or on an electric hot plate until the 
water has been driven off and a dark brown fluid remains Add 30 per cent 
hydrogen peroxide* 1 * by drops as necessary' to complete oxidation of organic 
matter and leave a colorless solution, heating to boiling momentarily be- 
tween drops. The hydrogen peroxide should be allowed to drop directly into 
the tube contents and not run down the sides of the tube. When oxidation is 
complete, cool slightly, add 2 to 3 ml of water, and boil for two to three 
minutes to ensure hydrolysis of meta- or pyrophosphate. Cool, and transfer 
quantitatively with rinsings to a 100-mf volumetric flask. Make up to about 
70 ml. with water and add 10 ml. of a 2 5 per cent solution of ammonium 
molybdate in water. Mix and add 4 ml of the aminonaphtholsulfonic acid 
reagent used for the determination of inorganic phosphate (p. 951). Dilute to 
100 ml. with w-ater and mix. The remaining procedure (including standard 
and calculations) Is exactly as described for the determination of inorganic 
phosphate. 

4. Total Phosphorus ( Neumann’s Procedure): Principle. The organic matter 
is destroyed by digestion with a mixture of sulfuric and nitric acids or some other 
oxidizing agent The phosphorus is then precipitated as the phosphomoljbdate and 
determined gravimetncally or x olumetncally 


Preparation of the Solution. PJpet JO ml. of urine (or an amount of sub- 
stance containing about JO mg. of P) Into a KJeldabl Bask. Add 10 mf. of a 
mixture of equal parts of concentrated H.SO« and concentrated HNO 
Digest over a low flame until red fumes cease to come off. If the mixture dark- 
ens due to the charring action of the sulfuric acid, add nitric acid from a 
separatory funnel a few drops at a time and continue the digestion. When 
the mixture remains clear on evaporation to the point where white sulfuric 
fumes come off, the digestion Is completed by heating for 10 to 15 minutes 
longer. Cool and transfer the solution to a 400-ral. Erlenmeyer flask with the 
aid of enough water to make a total volume of about 75 ml *» 

Instead of oildUIng the material as described above. It mat bo Ignlred with 
magoesla to destroj organic matter. About 2 g. „[ , he j substanc< , or 2 5 
ml. of urine (previously evaporated nearlj to dry ness) ate mixed with a little 
more than an equal bulk of magnesium oilde in a porcelain dish of about 
30-ml. capacity . Fire ml ol magnesium nitrate solution (see Appendix) »re 
added and the mixture heated very gently at first, then gradually to bright 


1 Merck -s Blue Label or "Special” Reagent u satisfactory 


it acid with acetic acid, and titrate with 


uranium acetate as m the preceding « 
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redness. The mixture Is cooled and transferred with water to a 2 50-mi. 
.flask. An excess (20 to 30 ml.) of IIC1 are added and the mixture boiled a 
few minutes. Remove from the flame and add at once enough barium chlo- 
ride solution to precipitate any sulfate present. Cool, make to mark, filter, 
and take an aliquot for analysis. 

Precipitation o/ the Phosphomolybdate. Neutralize the solution with am- 
monia, make slightly acid with nitric acid, and add 15 g. of ammonium 
nitrate In substance (or 25 ml. of a 60 per cent solution). Heat on a water 
bath to 60' to 65° C. (not higher) and add 30 to 40 mi. of molybdate solution,* 1 * 
stir and let stand for about 15 minutes at 60° to 65°. Filter at once through a 
small paper,* 1 ’ washing the precipitate twice by decantation with 1 per cent 
potassium nitrate solution, using about 25 ml. each time, stirring up the 
precipitate well in each case, and allowing to settle. Transfer the precipitate 
to the filter and wash with 1 per cent potassium nitrate solution until two 
fillings of the filter (collected separately) do not greatly diminish the color 
produced with phenolphthalein by 1 drop of the standard alkali. 

Titration of the Phosphomolybdate. Transfer the precipitate and filter 
back to the original beaker and dissolve in a small excess of 0.2 N NaOH 
(about 2 to 3 ml. more than required to completely dissolve the yellow pre- 
cipitate). Add about 100 ml. of boiled and cooled water and a few drops of 
phenolphthalein as an indicator (a red color should be observed indicating 
excess of NaOH) and titrate the excess of NaOH with 0 I N acid. 

Calculation. Divide the ml of 0 1 N acid used by 2 and subtract from the ml 
of 02 N NaOII used This gives the ml of 0 2 V NaOH required Multiply by 0270 
(the equivalent of l tn 1 0 2V NaOH in P) to obtain the number of mg P in 10 
of the urine analyzed Calculate the daily output of P in this case from the 24 -hour 
volume 

Interpretation. Nearly all of the phosphorus of the unne exists as 
inorganic phosphates Consequently the total phosphorus of unne vanes 
in the same way as total phosphates A small portion of the phosphorus 
of the urine may exist in organic combination, though not in a reduced 
form This organically bound phosphate may amount to from 1 to 4 per 
cent of the total phosphorus excretion Little is known with regard to 
the compounds in w hich it occurs Some glyccrophosphonc acid may occur 
either free or as lecithin 
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of ammonium hydroxide solution (sp gr. 0 90) Let stand for some time (2 
hours is usually enough), then filter and wash the precipitate with 2 5 per 
cent ammonia until practically free from chlorides Ignite to whiteness or 
to a gray ish-white ash and weigh Multiply the weight of magnesium pyro- 
phosphate thus obtained by 0 279 to get the weight of P. 

Calculation Calculate as explained above 

CHLORIDES 

1 Volhard-Arnold Method * Principle The urine is acidified with nitric acid 
and the chlorides precipitated with a measured excess of standard silver nitrate solu- 
tion The siher chloride formed is filtered oft and in the filtrate the excess silver 
nitrate is titrated bach with standard ammonium thiocyanate solution Feme am- 
monium sulfate is used as an indicator A red color due to the formation of ferric thio 
cyanate indicates that an excess of thiocyanate is present and that the end pomt has 
been reached 

Procedure. Place 10 ml of urine in a 100-mi volumetric flash, add 20 to 30 
drops of nitric acid (sp gr 1 2) and 2 ml of a cold saturated solution of ferric 
alum If necessary, at this point a few drops of 8 per cent solution of po- 
tassium permanganate may be added to dissipate the red color Now slowly 
run in a known volume of the standard silver nitrate”® solution (20 ml is 
ordinarily used) in order to precipitate the chlorine and Insure the presence 
of an excess of silver nitrate The mixture should be continually shahen 
during the addition of the standard solution Allow the flask to stand 10 
minutes, then fill it to the 100-ml graduation with distilled water and 
thoroughly mix the contents Now filter the mixture through a dry filter 
paper, collect 50 ml of the filtrate, and titrate it with standardized am- 
monium thiocyanate solution.* 11 The first permanent tinge of red-brown 
indicates the end point Take the buret reading and compute the weight 
of sodium chloride in the 10 ml of urine used 

Calculation The number of ml of ammonium thiocyanate solution used indicates 
the excess of standard silver nitrate solution in the 50 ml of filtrate titrated Multiply 
this reading by 2, inasmuch as only onc-half of the filtrate was employ cd, and subtract 
this product from the ml silver nitrate (20 ml ) originally used, m order to obtain the 
ml of silver nitrate utilized in the precipitation of the chlorides m the 10 ml of unne 
employed 

To obtain the weight in g sodium chloride in the 30ml of urine used, multiply the 
ml of the standard silver nitrate solution actually utilized in the precipitation, by 
0 010 If it is desired to express the result in percentage of sodium chloride, move the 
decimal point one place to the right, for results in terms of grams of sodium chloride 
per liter of urine, move the decimal point two places to the right 


* 9 Standard silv er nitrate solution ma> be prepared bi dissolving 29 061 g of silvei 
nitrate in 1 liter of distilled water Each ml of this solution is equivalent to 0 010 g of 
sodium chloride or to 0 006 g of chlorine 

9,1 This solution is made of such a strength that I ml of it is equal to I ml of the standard 
silver nitrate solution used To prepare the solution dissolve 13 g of ammonium thio- 
cyanate MhSCV in a little !e«s than a liter of water In a small flask place 20 mL of 
the standard silver nitrate solution 5 ml of the feme alum solution and 4 ml of nitric 
acid (ap gr 1 2) add water to make the total v olumc 100 ml and thoroughly mix the con- 
tents of the flask Now run in the ammonium thiocyanate solution from a buret until a 
permanent red brown tinge is produced Tins »s the end reaction and indicates that the 
lust trace o( silver nitrate has been precipitated Take the buret reading and calculate 
the amount of water nece«sarv to vr*e in diluting the ammonium thiocy anate in order that 
10 ml of this solution may be exactly equal to 10 ml of the silver nitrate solution Make 
this dilution and titrate again to be certain that the solution is of the proper strength 
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In a rnmilar manner the weight or percentage of chlorine maj be computed using 
the factor 0 006 instead of 0 010 

To express results in terms of millicquivalents of chloride per liter of unne multip y 
the ml standard silver nitrate required for the chloride in 10 ml of unne bj the factor 
17 1 

Calculate the quantity of sodium chloride and chlorine in the 24-hour unne specimen 

Interpretation. From 10 to 15 g of chlorine, expressed as sodium 
chlonde (170 to 250 tnilhequivalents of chloride), are excreted per dav, 
on the average, by normal adults The amount is, hon ever, clo«el> de- 
pendent upon the chlonde content of the food ingested In fasting, the 
chlonde excretion falls rapidlj to a verj minimal quantity On high 
water ingestion it is increased In pneumonia and certain other acute 
infectious diseases the excretion of chlondes may be markedly diminished 
particularly dunng the penods in which exudates are forming In con- 
valescence and with resolution of the exudates the chlonne excretion rises 
again A decrease has also been noted in nephritis associated with edema 

2 Volhard Haney Method. Principle This procedure” 1 differs from the \ol 
hard Arnold method in that the excess of silv cr nitrate is titrated directly without 
filtering and 1 ence m the presence of the silver chlonde The procedure is thus more 
rapid but the end point is more diffcult to determine, and the results are not so exact 
It is therefore not recommended 

3 Method of Sendroy ( Modified by Van Slyke and Hiller) *” Principle 
This w an application to unne of the blood-chlonde method described on p 027 The 
unne is shaken with solid silver lodatc chlonde present forms insoluble silver chlonde 
and an equivalent amount of soluble todate \fier removing insoluble material the 
lodate in solution ls converted to free iodine which is then titrated with standard 
thiosulfate The method is recommended because of its simplicity and accuracy 

Procedure 114 Treat 1 ml of urine with 25 ml of phosphoric tungstic acid 
reagent and shake with silver lodate, eractiy as described for the analysis 
of 1 ml of plasma or serum on p 628 After filtration or centrifugation 
treat 10 ml of the filtrate or centrifugate with sodium iodide and titrate 
the liberated iodine with 0 02308 IS thiosulfate solution, likewise as de 
scribed on p 628 

Calculation The thiosulfate is of such strength that at the dilution of unne 
employed 1 ml ls equivalent to 10 milhequivalmts of chlonde per liter of unne 
Tl erefore 

Ml 0 02308 \ thiosulfate required X 10 *= milhequivalenta chlonde per liter unne 
One m i Jliequi valent of chlonde t quals 0 0^8o g of sodium chlonde 

If the cl londe content of the unne is so low that less than 5 ml of thiosulfate are 
required for the titration repeat the analysis using 5 ml of unne and 2o ml of phos- 
phoric tungstic acid reagent Shake with lodate and titrate a 10-ml portion of fiUn» tc 
as before, and calculate as follows 

Ml 0 02308 \ thiosulfate required X 231 - mMi equivalents chlonde per liter unne 
Multiply the result by 0 0o85 to express in terms of g sodium chlonde per liter 

Interpretation. See above 

,,J Ilarrey Arch Internal fc 12 (1910) 

m footnote 209 p C27 

Rearent* Inquired See m«tl od for blood chi ondf-fl p C27 
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FLUORINE 

Determination of Fluoride ( Method of Icken and Blank) *** Principle 
Fluondc ions react quantitativ elj to form a complex with thorium alizarin lake, re 
suiting in a bleaching of the color The residual intensity is read spectrophotometri 
callj and interpolated on a reference curve derived from standard sodium fluoride 
solutions The determination of fluorides in urine is preceded by the separation of phos 
phates and sulfates (by distillation from perchloric acid* 1 ®) and of chlorides (by pre- 
cipitation with silver sulfate** 7 ) 

Procedure (a) Isolation of Fluorides *** Evaporate to dryness an aliquot 
of a 2 -1-hour specimen of urine, containing from 100 to 200 pg fluorine (usu 
ally about 200 ml ), by adding It in small portions to 25 ml of a suspension of 
calcium hydroxide 529 In a platinum dish or crucible Dry thoroughly under an 
infrared lamp, then char slowly and finally ignite in a muffle oven at 600° C 
until all traces of organic matter disappear 

Cool and wet the ash with 10 ml distilled water Dissolve the ash In a mini- 
mum quantity of perchloric acid, 2,0 keeping the dish covered with a watch 
glass Rinse down the cover with a little water and transfer the solution 
through a funnel to a suitable distillation apparatus, e g , a constant-tem- 
perature still 151 Rinse the dish and the funnel with perchloric acid, using 20 
ml for all the above mentioned operations Add to the mixture in the still a 
quantity of crystalline silver sulfate equivalent to the content of chlo- 
rides, previously determined on a separate aliquot of the urine by one of 
the methods described under “Chlorides ” Connect the still to a steam gen- 
erator and steam distil, collecting about 200 ml of distillate 

Evaporate to dry ness and ignite the distillate as previously described, using 
an amount of the calcium hydroxide suspension sufficient to assure alkalin- 
ity Dissolve the ash In perchloric acid and transfer to the still, which has 
been washed with hot 10 per cent NaOH and thoroughly rinsed with distilled 
water Add to the solution in the still 200 500 mg crystalline silver sulfate to 
precipitate the remaining traces of chlorides Repeat the steam distillation 
and collect the distillate in a 150 ml volumetric flask to which a few drops of 
p nltrophenol indicator*” and a few drops of 0 05 N KOII have been added 
Keep the distillate alkaline at all times by dropwise addition of 0 05 N KOII 
So regulate this addition of alkali that the distillate is neutralized as it ap- 
proaches the mark 


m Icken and Blank Anal Chem 25 1741 (1953) 

*** Willard and 11 inter Ind Eng Chem Anal Ed 5 7 (1936) 

1,1 McClure Ind Eng Chem Anal Ed 11 171 (1939) 

*" Association of Official Agricultural Cl emists Offnal Method* of At alysis (1950) with 
minor modifications. 

*** Coin m hiplroxulc suspension Carefulh slake ca 56 R of low fluorine CaO with 250 
in! distilled water and add slowly and with stirring 250 ml of 60 per cent HCIO*. Add 
a few glass bends and bo l down to copious fumes of aci i Cool add 200 ml of !! O and 
bod down again Repeat diluting and boiling down once more Coot dilute and filter 
throuRh fritted glass filter if precipitate of ‘hO* has appeared Tour solution with stirring 
into 11 of 10 per rent NnOII solution allow precipitate to settle c ipl on off thesupemntant 
iiqui 1 Remove sodium salts by washing and centrifuging 5 tin rs I malty si ako preeij ltnte 
into «uspen«ion and make to 2 liters I reserve in parnfF ned bottles ‘•hake stispcn«ii n will 
before using 

”» Perchloric acid Dilute CO per cent IfClO, with 1 volumes of di tilled water and hod 
down to original \olut »e \v oi 1 active fuming Repent and j reserve in | yrex glass bottle 
*** ilurkabiy Weld and Metier Ann/ Chetn IV 151 (191 - ) 

*** p- \ ilrophenol xndicaior 0 5 per cent alcoholic solution 
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(b) nnwams'—p^j M , 40, 50and STOeS of fluoride ion, into 50 ml 
ride- 'o*'* 1 ?'" * ^"honum alirann reagent- to each .flask 

of the Add <0 “L “Ih.,,, lied water, .topper, .hake, audaHow^O 

10 mm 
ie500pg 


” de V .1 distill 3 te c - nf t he thorium 

o( tlie «*“* “ A dd 10 ml lled water, .topper, .hake, and 

,-olumetrfe « rolume *■«£ i absorb ance of the standard. at 

Make the p et erffline the ™ troph „ t ometer equipped with . 

.land for 3 M by means o p ]()|) per cent transmittance with thi 

length o' 5 | e ftheinstto men *' Determine the light absorbance of the 
content from the reference cnrre 

“c'-tTunoo “'ff, f ",‘k™ f« the epeelrophotometne determination 

» : * ^^.hquo' 1 <"» m "'"™" *’ 

c «= PS flu ° f X 150 = mg T~ per liter unne 

T it*" 

The amount of fiuonne in unne is influenced b> the 
rnterP ret3tlOI f the diet or water supplj and is therefore a entenon of 
n 1 nde content of th “ tlon . in areas where dental fluortwis (mottled 
2“°nne espur 3 ™ “ n ,“ ,°„a R e concentration of 3 mg F per Uter of unne 
®' 10 " e l) is P re ' “If., compared with a “normal” talueof 1 mg per liter 
ana been rcfiurted , water supplies contained 0 05 anil 1 30 parts per 
Tw-O P°f’“ l! ‘ tl ° 1 ^ liter) of fluondc respcctn elj (the latter bj fluondation) 

T * , (mg fl uon de let els of 000 ± 0 13 and 1 12 + 0 50 mg F 

mean unne 
and blood 


mdlldf Knrn fluonde let els of 0 00 ± 0 1„ u„u . r. a. 

Sotred tnean u of „ 4 and 4 0 „g per 100 ml respcctis cl) 

per Uter “Tclimmafed not onl) via unne and feces but al»o b) m-cn lbl 
F. ..title i-_ ci „, ra ii„n kn significant retention was noted when the 


per U tcr eliminated not onl) via unne ana icces nut ai-o u> .u--- • 
Suond 0 W “ r , piro t,on No significant retention was noted when the 
a0 d ,5a, below 3 mg the data suggesting this to be the approa 

dailt 
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Procedure . Measure into a large-lipped test tube (200 by 20 mm.) a sample 
of urine containing preferably between 10 and 25 mg. of NaCl but not more 
than 5 mg. of inorganic phosphorus. Add 1 ml. of approximately 4 N sulfuric 
acid and 0.5 ml. of concentrated nitric acid, and boil down until white fumes 
appear. If the residue does not soon become colorless after this stage has 
been reached, cool slightly, add a few more drops of nitric acid, and continue 
the heating. When the remaining drop of sulfuric acid has become clear 
and colorless, let cool for a few minutes, and wash into a test tube which is 
marked at 25 ml., with four 2-mI. portions of water. Add a drop of saturated 
alcoholic solution of methyl red. Neutralize with powdered ammonium car- 
bonate until the color of the indicator just begins to change, and restore the 
pink color by adding 4 N sulfuric acid 1 drop at a time. Heat to boiling and 
add more acid to restore the pink color if this is necessary. Add a 10.5 per 
cent solution of ferric chloride crystals In 0.2 N HC1 in the proportion of 0.1 
ml. for each mg. of inorganic phosphorus present, shake and run in 1 ml. of a 
5 per cent solution of ammonium acetate. Add sufficient water to make the 
total volume 10 or 1 1 ml., heat again to boiling, and dilute to the 25-ml. mark 
with cold water. Insert a rubber stopper and mix by inverting a few times. 
Filter at once through a dry 9-cm. ashless paper into a dry test tube. Keep the 
filter nearly filled with liquid as long as possible and collect only 20 ml. 
Stopper the tube containing filtrate and cool. The phosphate has now been 
removed. 

Transfer 5 ml. of filtrate to a small platinum dish, add 1 ml. of approxi- 
mately 4 N sulfuric acid, and evaporate on the water bath until nearly dry. 
Place the dish on a metal triangle and beat cautiously at first over a micro- 
burner, gradually raising the flame until fumes have ceased to come off. 
Let cool, sprinkle over the residue a little powdered ammonium carbonate, 
and ignite again, finally' raising the flame to its maximum and moving the 
triangle about until each part of the dish has been momentarily subjected 
to a dull red heat. When the dish has cooled, add 2 ml. of water. Agitate 
until the residue has dissolved, using a rubber-tipped rod to assist In solu- 
tion if necessary*. Transfer the contents of the dish to a large-lipped pyrer 
test tube, rinsing four times with 2-ml. portions of water. Determine the 
sulfate according to the benzidine method (see p. 949). 

Calculation. An aliquot of one-fifth of the original urine was used for the determi- 
nation and 0 02 N XaOII in the titration Therefore the titration reading is equn alont 
to the number of ml of 0 1 N fixed base in the sample of unuc used Subtract a cor- 
rection of 1 per cent for tlie contraction of the warm solution during the filtration 
stage Results are usually expressed in terms of milliequn alents of total fixed base 
per liter tlm is obtained by diwclmgby 10 the number of ml of 0 1 N base per liter. 

Interpretation. The total fixed base excretion, combining as it does 
the sodium, potassium, calcium, and magnesium excretions, will be 
influenced by factors affecting any of these. In acidosis, volatile base 
(ammonia) play’s a large part in neutralization but the fixed ba*e excre- 
tion is also increased in \nrying degrees 

CALCIUM 

Determination of Calcium (Method of Shohl and Pcdley **»); Principle. 
The urine is oxidized w ith ammonium persulfate Calcium is precipitated as oxalate 

*** Shohl and Fedloy • J . Biol Chtm . M>. 537 (1922) For reference! to \ arioin other 
procedures Upon which the determination of calcium may lx? based, see the feetion on 
blood-calcium method* in Chapter 23, p 044 
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and titrated with potassium permanganate The method is more rapid than the 
grav imetric 


Procedure To 100 ml of unfiltered urine in a 250 ml Erlenmeyer flask add 
5 ml of concentrated HNOj or II2SO4 and one spoonful (containing 3 to 4 g ) 
of ammonium persulfate Insert a funnel in the flask to prevent spattering 
Boll and keep near the boiling point on a hot plate or over A low flame for 
1 hour or until reduction of the persulfate is complete as evidenced by an 
absence of frothing when the flask is agitated The solution at this point 
is pale green in color Add 10 ml of 2 5 per cent oxalic acid Cool to room 
temperature Neutralize with ammonium hydroxide, using one drop of 
methyl red as an indicator Cool to room temperature If the color is now red 
add a few drops of ammonia to bring to intermediate color between red and 
jellow (pH 4 8 to 5 2) Let stand overnight Filter Whatman No 50 hardened 
filter paper 12 5 cm is satisfactory Wash precipitate and flask three times 
with distilled water, 1 * 11 filling the filter two thirds full each time and allow 
Ing to drain Break a hole in the filter paper and wash back the precipitate 
Into the original flask, first with distilled water and then with hot dilute sul 
furlc acid, bringing the volume to about 100 ml Add 10 ml of concentrate* 1 
sulfuric acid and heat to 70° to 80° C Titrate with 0 05 N potassium per 
manganate taking as an end point the first color that persists 15 to 30 sec 
onds One ml 0 05N KMnOt is equivalent toO OOlOg Ca 


Interpretation The average unnary excretion of calcium by normal 
adults lies between 0 1 to 03 g (expressed as Caj per day This corre- 
sponds to o to 15 milliequiv alents of calcium ion Calcium excretion io 
the unne ls dependent very largely upon the amount of calcium in the 
diet From 10 to 40 per cent of the ingested calcium ordinarily is excreted 
by this channel the greater part being eliminated by the feces The pro- 
portion is dependent particularly on the amount of calcium in the food 
If the calcium mgc-tion is very high the per cent of the total excretion 
taking place by way of the kidneys will be low and nee tersa As excre- 
tion takes place by way of the intestine as well as by the kidneys no 
conclusions can be drawn from urinary analyses alone The excretion of 
calcium may be greatly increased in certain bone disorders as osteo- 
malacia In others as in rickets the urinary excretion may be very lo* 
For further discussion p 820 

The calcium content of the unne i, of clinical significance in connection 
,!? forTn “t 1 on of certain ralcium containing stones According i° 
Shorr measures deigned to decrease the amount of calcium (and of 
phosphate) in the unne or to increase the soluhihn of calcium as h} 
promoting the unnarj crcrction of citrate (nluch forms a soluble com 
pier ruth calcium) should prore to be of ralue in the management of 
nephrolithiasis due to stones of the calcium carbonate and calcium-phos- 
pliate ty pcs 


CALCILM AND M\G\ESIUM 

UcCrudden ,, \iethod, Pnnciple l nn<- contain* magnwi im pho.phi.t~ ^ 
a *m*l! amount of iron of M «ch will interfere ,1 e accurate determmst. n 

ot 101 cal '~ um r '* trnt ,r > twins of ae.d tj are not man tamrd d inoR tb' 

*•• *** fnn(!iot» “’ll p 
» SWt J l rot 51 JT (1515) 
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precipitation In the following method the proper acidity is attained through the use 
of sodium acetate and hydrochloric acid, and this with slow addition of the ammonium, 
oxalate reduces the danger of occlusion of magnesium oxalate, calcium phosphate, or 
ferric phosphate in the calcium oxalate precipitate. 

The calcium oxalate precipitate is cither ignited and weighed as CaO or determined 
volumetrically by titration with potassium permanganate. Magnesium is determined 
in the filtrate from the calcium determination after destruction of the organic matter. 
It is determined in the usual way by ignition of the magnesium ammonium phosphate 
precipitate and weighing as the pyrophosphate. 

For colorimetric adaptations of these classical methods for calcium or magnesium, 
reference should be made to the procedures described for blood in Chapter 23. 

Calcium : Gravimetric Procedure. If the urine is alkaline, make It neutral 
or slightly acid and filter. Take 200 ml. of the filtered urine for analysis. If it 
is only faintly acid to litmus paper, add 10 drops of concentrated hydro- 
chloric acid (sp. gr. 1.20). If the urine is strongly acid, it may’ be made just 
alkaline with ammonia and then just acid with hydrochloric acid, after 
which the 10 drops of concentrated hydrochloric acid are added. Then add 10 
ml. of 2.5 per cent oxalic acid. Run in slowly with stirring 8 ml. of 20 per cent 
sodium acetate. Allow to stand overnight at room temperature or shake 
vigorously for 10 minutes. Filter off the precipitate of calcium oxalate on 
a small paper, and wash free from chlorides with 0.5 per cent ammonium 
oxalate solution. The precipitate may then be dried, ignited to constant 
weight, and weighed as calcium oxide, or it may be manipulated volu- 
metrically as described below. 

Volumetric Procedure . If free from uric acid, the calcium oxalate pre- 
cipitate may be washed three times with distilled water, filling the filter 
about two-thirds full and allowing it to drain completely before adding more. 
A bole is made in the paper and the calcium oxalate washed into a clean flask. 
The volume of the fluid is brought up to about 50 ml. and 10 ml. of con- 
centrated sulfuric acid added. Titrate with standard potassium perman- 
ganate solution to a pink color which endures for at least a minute. 

Calculation In the gravimetric procedure, convert the weight of CaO into terms 
of Ca by multiplying by 0 715 In the volumetric procedure, one ml of 0.1 N per- 
manganate solution is equhnlent to 2 0 mg of Ca. Calculate the daily’ output of 
calcium. 

Magnesium: Gravimetric Procedure. Transfer the filtrate from the deter- 
mination of calcium as above to a porcelain dish, add about 20 ml. of con- 
centrated nitric acid, and evaporate to dryness. Heat the residue over a free 
flame until the ammonium salts are destroyed and the residue fuses. After 
cooling, take the residue up with water and a little hydrochloric acid and 
filter If necessary. Dilute to about 80 ml., nearly neutralize with ammonia, 
and cool. Add a slight excess of sodium acid phosphate and then ammonia 
drop by’ drop with constant stirring until the solution Is alkaline, and then 
add enough more slowly’ with constant stirring to make the solution con- 
tain one-fourth its bulk of dilute ammonia (sp. gr. 0.96). Allow to stand 
overnight. Filter and wash free from chtorides with alcoholic ammonia 
solution (1 part alcohol, 1 part dilute ammonia, 3 parts water). The pre- 
cipitate with filter paper Is incinerated slowly and carefully’ with a good sup- 
ply of air to prevent reduction, in the usual manner, and ignited and weighed 
as the pyrophosphate. 

Calculation. To obtain the weight of Mg, multiply the weight of magnesium pyr 
phosphate by 0 218-1 
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The amount depends mainly upon the diet Usually less tna , ^ion 

of the excreted magnesium is eliminated by the kidney s, tne ma| 1 

&W>jss=a£S 

may be a retention of magnesium m certain bo '" ,1 ”” ‘ ™ “excre^ons of 
a loss of calcium — in osteomalacia, for example Thus the excrcr 
calcium and magnesium do not necessarily run parallel 

Determination of Calcium in Ash of Foods or 'JS*'!' 

tn a crucible to a while ash and dissolve the ash with the aid of a little ^ 
chloric acid. Bring the volume of the ash solution “ ” , tmu , paper 

alkaline with strong ammonia added drop by drop (using 
ir".". an indicator,. Add concentrated .101 drop by J»P »«“!"* 
acid to litmus. Then add 10 drops of concentrated HC1 (sp. gr. 1.2 ) “ d 

of 2.5 per cent oxalic acid. Either of two procedures may ,h ' B be e ,y 
(a) The solution is boiled until the precipitated caklum oxalate is J 
crystalline, and then an erces, of 3 per cent ammonium »xa ate is 
added to the boiling solution and the boiling continued until a Ej , n6 
precipitate I. coarsely crystalline. (If but little calcium xa , present, .nett B 
will precipitate at this point and It is not necessary to add oxala J " ^ 
the flask closed with a rubber stopper Is shaken vigorously for 1 
An excess of 3 per cent ammonium oxalate is then added. Cool to roo of 
perature. Add 8 ml. of 20 per cent sodium acetate solution. (In case oi 
feces add 15 ml.) The solution may either be (a) allowed to stand overn ‘ S „ 
(b) stoppered and vigorously shaken for 10 minutes The calcium ox 
Altered off on a small ash-free paper and washed free from chlorides w ^ 
per cent ammonium oxalate solution. Either of two procedures may D m 
followed: (a) The precipitate and filter are dried, and burned in a P* a . etJ 
or porcelain crucible to constant weight as CaO. (b) The precipitate is w 
three times with cold distilled water, as given under the method for 
and the oxalate titrated with potassium permanganate. above. 

Magnesium is determined in the filtrate from calcium just as given 


SODIUM AND POTASSIUM 

Determination oj Combined Sodium and Potassium From 50 to 100 ni^ 
of urine, depending upon the specific gravity, are oxidized in a Kjeldah ^ 
with nitric and sulfuric acids as In the Neumann procedure for total P 
phorus (see p. 953). To remove the sulfuric acid as completely as P oss t( J 
transfer with the aid of a little water to a platinum dlsh , “ and eva P°^f t 
dryness oier a free flame. (The alkalies are In the form of sulfate and 
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volatilize.) Dissolve the residue in hot water with the aid of a little dilute 
hydrochloric acid. Heat to boiling and add barium chloride solution until no 
more precipitate forms. While still hot, add an excess of ammonia and am- 
monium carbonate. The barium chloride precipitates the sulfates and part 
of the phosphates: the ammonia in the presence of excess barium precipitates 
the rest of the phosphates, and the carbonate precipitates the calcium and 
most of the magnesium, as well as the excess barium. Filter and wash the 
precipitate well with hot water containing a few drops of ammonia. Evapo- 
rate the filtrate and washings to dryness and heat the residue to dull redness 
for a moment. Redissolve in water and treat again with ammonia and am- 
monium carbonate to remove any remaining alkaline earth metals. Filter 
and wash as before. Transfer the filtrate and washings to a weighed platinum 
dish, add a few drops of hydrochloric acid, and evaporate to dryness. Heat the 
residue gently to remove ammonium salts and then to dull redness for a 
moment. Desiccate and weigh. Reheat to constant weight which represents 
the combined chlorides of sodium and potassium. The reagents used in the 
determination must be tested and found free from alkali metals or a cor- 
rection made for the alkali metals present in the reagents used. The sodium is 
determined by difference after potassium has been estimated by the method 
given below. 

Potassium. Dissolve the alkali chlorides from the preceding determination 
in a little water and add a slight excess of 10 per cent platinic chloride over 
that necessary to precipitate all of the alkali present calculated as sodium 
chloride (about 17 ml. being required for each gram of sodium chloride). 
Evaporate to a syrupy consistency on the water bath and add about SO ml. 
of 80 per cent alcohol. Stir occasionally for a few minutes. This operation 
must be carried out in the absence of ammonia vapors. Filter through a 
weighed Gooch crucible, washing the precipitate with 80 pet cent alcohol 
first thoroughly by decantation and then on the filter, for some time after 
the filtrate is colorless. Dry at 110° to 115° G. and weigh. 

Calculation. Multiply the weight of potassium platinic chlonde by 0 1008 to ob- 
tain the amount of K present Express as KC1 by using instead of this factor the 
factor 0 3067. Subtract from the w eight of total alkali chlorides as determined in the 
preceding method, the weight of potassium chlonde as calculated and obtain the 
amount of sodium chlonde present To convert sodium chloride into sodium, multiply 
by’ 0 3934 To express the sodium (or potassium) content in terms of milliequivalents, 
divide the weight of NaCl (or KCl) m grams by 0 05S45 (or 0 07455). 

Interpretation. The a\ erage alkali excretion of an adult on a mixed 
diet is about 1 to 3 g. of potassium expressed as IC (40 to 65 milliequiva- 
lents), and 3 0 to 5 g. of sodium expressed as Na (130 to 200 milliequiva- 
lents). The ratio of JXa to K is thus about 5:3. Both the ratio and the 
absolute amounts of these elements excreted are, however, largely de- 
pendent upon the salt content of the diet The urine during fasting 
contains more potassium than sodium salts, because of the noningestion 
of sodium chloride and the accompanying destruction of potassium-con- 
taining body tissues The excretion of the bases, particularly K, may be 
increased in fc\ ers and in acidosis. 

IRON 

Methods of ritehjem and Kennedy. The urine is ashed, the ash dissolved, and 
the ntm present determined colorunctncally as thiocyanate. 
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Procedure. Evaporate and ash 100 ml. of urine and carry out Iron deter- 
mination according to Elvehjem or Kennedy (see p. 656). 


IODINE 

Method of Von Fellenberz • I, ‘ Principle. For discussion of the principle# 
the original articles MeCuIlagh*** has suggested a simpler procedure for iodine deter 
munitions m blood and other materials Chaney ’amtlbod 1 ' 7 for protein-bound kx me 
ls described on p 601 

Procedure. To 10 to 40 ml. of urine add I to 3 ml. of a saturated solution of 
Iodine-poor KjCOj and evaporate In a low iron dish (about 10 cm. diameter). 
Heat gently without Igniting, moisten with water, and ignite, not bringing 
the bottom of the dish to redness. Extract the charred mass with a little water 
and filter; Ignite the paper and residue, then add the filtrate (only faint J 
yellow) and a few drops of 10 per cent NaVOj. and complete Ignition. The 
residue should be pure white. Extract four times with 2 to 3 ml. of afeoho 
Evaporate the alcoholic solution in a gold or platinum dish (about 6 cm. 
diameter) on a water bath to dryness, after adding a few drops of saturated 
KiCOj solution Ignite gently. Extract again with 95 per cent alcohol an 
evaporate and ignite, this time adding no KjCO*. The bottom of the dis 
must not turn red. Dissolve the residue in 0 3 ml. of water and titrate iodine 
according to the method of McCullagh*** or according to the procedure of *• 
Fellenherg.*‘» The amount of iodine eliminated in 24 hours may be from 
10 to 200 >#g. 

REFERENCES TO OTHER QUANTITATIVE METHODS 
FOR URINE 

Arsenic. Jy^pagnol, Men tile, and tterquxn Bull tor chtm fnol , 25, 322 (1943) 
Choline. Luecke and Pearson J Bu>l Chem 153, 259 (1014) 

Citric Add. Goldberg and Bcmheun J Biol Chem , 156, 33 (1944) 
Corticosteroids. Romanoff, Plagcr, and Pincus Endocrinology, 45, 10 (1949), 
Pmcus and Romanoff Fed Froc., 9, 101 (1950), Engel Recent Progre** in Hurmone 
Research, 6, 277 (1951) 

Dihydroxyacetone. McClellan J Biol Chem , 76, 481 (1928) 

Ethyl Alcohol. Fnedemann J Bwl Chem, 123, 1G1 (1938), Kozelka and flme 
Ind Eng Chem , Anal Ed , 13, 905 (1941 > 

Guanidine Bases. Wiber J Bwl Chem , 78, 465 (1928) Andes and Myers J Fu)l 
Chem, 118, 137 (1937) 

Homogentislc Add. Bngga J Biol Chem , 51, 433 (1922) 

Inulin. Ranney and McCune J Biol Chem, 150, 311 (1943) 

Kefo Acids. Fried emann and Haugen J Biol Chem 147, 415 (1943) 

Lead. Clifford and \Whmann J A* toe Ofunal Ayr Chem , 19, 130 (1930), Horo- 
witz and CovrgiU J Bwl Chem , 119, 553 (1937), Have J hah Clin 5f«d , 28# 
1171 (1912-1943) 

Mercury. Van Zaet and Duran Chem IVeelUad, 38, 185 (1941) 

Zinc. Cliolalc, Hubbard, and Burkey Ind Eng Chem , Anal Ed , 15, 754 (1943) 

For the determination of urinary 17-Leto^teroids, s-ec Chapter 20 F° r 
the dete rmination of yanous utamias in unne, tee Chapter 35 See (d 60 


*** Tl<e method oven u & modification by Lunde 
*** MrCuIlaeh J BuA Chem 1*7, 3S (1931) 
Chaney A nai. Chem., 22, 030 (1950; 
von rrijenher* Frye*, J>), vtv A 25. 17C (1920 
Clo«< and I’edervm Bi«W Z . 204. 2«1 (1929j 


BxocUm. Z . !«. M (1928). 

Btochem. 22*. 170 (1930) b“ nde 
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the references to methods for blood airily ais (Chapter 23) since many of 
these are equally suitable for urine 

TESTS FOR KIDNEY EFFICIENCY 
1 Blood-Urea Clearance ( Method of Moller, McIntosh, and Van Slyke) 549 
Prtnciple Urea is normally filtered through the renal glomeruli and only partly re 
absorbed in. the tubules The blood urea clearance test is a measure of the efficiency 
with which the kidney excretes urea Results are expressed either in terms of the 
volume of blood m ml which is completely cleared of urea per minute, or more com 
monly as the percentage of the average normal value which this \olume represents 
The necessary data include the concentration of urea m blood and urine and the 
\olume of urine excreted in unit time 

Procedure The patient is permitted to eat a moderate meal (usually break- 
fast) without coffee igorous exercise Is avoided and after breakfast the 
patient is kept at rest during the 2 hour test period At the beginning of the 
test period, the bladder is emptied and the urine discarded The patient is 
given a glass of water to dnnk, and the unne is collected In two succeeding 
periods of one hour each At the beginning of the second period, the patient Is 
given another glass of water, and a sample of blood Is drawn for urea deter- 
mination At the close of the test, the volumes of urine passed during each 
period are accurately measured In graduated cylinders, and the urea content 
of each determined separately 

The tw o collection periods need not be exactly one hour long, but may 
be longer if convenient It is important, however, that the lime of the 
period be accurately known, to the nearest minute, and that the entire 
volume of unne formed dunng this penod be obtained, since only in this 
way can the volume of unne flow per minute be calculated The two 
periods serve as checks on one another, if results calculated on the basis 
of each separate penod differ sigmficantlv , error is indicated If the unne 
volume is less than 25 ml per hour, the sample is discarded 

Caj.culation The maximum clearance (C„) indicates the maximum efficiency of 
urea excretion with high urine volumes and is calculated if the urine volume observed 

in an adult, or if the corrected volume V X sq m S urfncc ~ area ,n a c ^'^> exceeds 
2 ml per minute The standard clearance (C,), or the efficiency w ith which the kidneys 
excrete urea when the urine v olume is at the average normal level of 1 ml per minute, 
is calculated if the urine volume, corrected in the case of a child is less than 2 ml per 
minute Roth clearances are best calculated in percentage of the average normal C, or 
C m 

Percentage of nv erage normal C m => * = I 33 ~- 

„ , _ , . n 100 u vT , u %/p 

Percentage of average normal C. y y \n = 1 So — ~ — 

U = Lira concentration of urine (mg urea N per 100 ml ) 

B «• Urea concentration of blood (mg urea N per 100 ml ) 

1' =■ ml unne excreted per minute 


*** Mfitter McIntosh andtanSljit J Chn Jnreft 6 42" (lf)2S) Pee V 
and Cope Proe S ot Erjll Bud Wed 2* 1100(1932) 
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The following table is convenient in calculating standard clearance It gives values o! 

Vv 


V 

ml per 
minute 

vT 

V 

ml per 
minute 

Vv 

V 

ml per 
minute 

vT 

V 

tnl per 
minute 

Vr 

0 2 

0 45 

0 7 

0 84 

1 2 

1 10 

1 7 

1 30 

0 3 

0 55 

0 8 

0 SO 

1 3 

1 14 

1 8 

1 34 

0 4 

0 63 

0 9 

0 05 

1 * 

i 18 

1 9 

1 3S 

0 5 

0 71 

1 0 

1 00 

1 5 

1 23 

2 0 

1 42 

0 G 

0 78 

1 1 

1 05 

1 G 

1 27 

2 I 

1 45 


Interpretation. In patients with diminishing renal function, the 
blood-urea clearance shows evidence of diminution sooner than does the 
blood-creatinine content, the blood urea content considered without 
relation to urea excretion, or the phenolsulfonephthalem excretion The 
blood-urea clearance usually falls below 50 per cent of normal values 
before any of the other three show abnormality Only after the blood-urea 
clearance indicates less than 20 per cent of normal renal function are all 
values for blood urea, creatinine, and phenolsulfonephthalem found out- 
side the limits of normal variation The maximum clearance is normally 
about 40 per cent greater than the standard clearance, the mean values 
being 75 ml (variations 64 to 99 ml ) of blood per minute for the maxi- 
mum and 54 ml (v anations of 40 to 68 ml ) for the standard The method 
is based on the view that with abundant urine the urea excretion per 
minute equals the urea contained in a constant v olume of blood 

2. Phenolsulfonephthalein Test Principle This test for renal function was 
devised by Rownlree and Geraghty It depends upon the injection into the tissues of 
a dyestuff which is eliminated rapidly by the normal kidneys, and can be easily 
estimated quantitatively in the unne 

This dyestuff, phenolsulfonephthalem, is nommtative to the body either when 
taken by mouth or w hen injected into the tissues so that it does no harm to an already 
weakened kidney 

The patient upon whom the test is to be performed is giv en 300 to 400 ml of water 
20 to 30 minutes previously, in order to assure a free flow of unne Just before the 
start of the test, the bladder is emptied and the unne discarded 


Procedure One ml of a solution containing 6 mg of phenolsulfonephthal- 
ein* 10 per ml is Injected intramuscularly in the lumbar region, the time of 
injection being noted The patient Is then catheterized and the urine as it 
forms thereafter allowed to drop into a beaker containing 2 drops of 25 per 
cent NaOII The appearance of a red color in the alkalinized urine indicates 
beginning excretion of the drug, the normal time being within 5 to 10 mlo- 
utes afte r Its injection Urine is now collected in one-hour samples In 


“ P w?" e<1 by » ddu3 8 K- of phenolsulfonephthalem and 0.84 toL 
. l , to " ou « h b ' 5 ** r ' ^aCl solution to make 1 00 mb Thisgires the mono- 
* hjCh o Ioc,U1 > when ejected. It is necessary to add 

T" 5 , 2 o N S * OH wh,ch the color lo a Bordeaux red Th« 

*****“5** “ . mtant Swtable preparations of the dye m sterile ampuls may be ob- 
tained from pharmaceutical supply houses. ^ 
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patients with obstruction to the flow of urine from the bladder, the retention 
catheter is stoppered and the urine drawn off at the end of each hour. Other 
patients may simply be allowed to urinate at the hourly periods. 

To each hour sample of urine is added 25 per cent NaOH, drop by drop, 
until the maximum intensity of color appears. This color will remain con- 
stant for an indefinite period of time. Each sample is then placed in a 1000- 
ml. volumetric flash and diluted to the mark with distilled water. 

Compare the color intensity of each sample either colorimetrically or 
photometrically against a standard. To prepare the standard, place a suf- 
ficient amount of the phenolsulphonephthalein solution to contain 3 mg. 
of the dj e (i.e., one-half of the amount administered) in a beaker, dilute with 
a little water, and add 25 per cent NaOH dropwise to maximum color in- 
tensity. Transfer quantitatively to a 1000-ml. volumetric flask, dilute to the 
mark with water, and mix. 

For colorimetric comparison, match the unknowns against the standard 
in the usual way. It Is convenient to set the standard at 10 mm. For photo- 
metric measurement, determine the densities of standard and unknown 
in a photometer at 520 m*i, setting the photometer to zero density’ with water. 


Calculation For colorimetric measurement 


Reading of Standard 5Q 
Reading of Unknown 


per ccut of administered dy e in sample 


For photometric measurement’ 

Density of Unknown w 

Density ' of Standard X 50 ** P° r cent of administered d) em sample 

Interpretation. The amount of the drug eliminated normally is 40 to 
00 per cent during the first hour and 20 to 25 per cent during the second 
hour, or a total of 60 to So per cent for two hours The amount of the 
drug excreted has been found to be independent of the quantity of urine 
obtained. Ordinarily, two one-hour samples are sufficient; in case of de- 
layed excretion the collection of hourly samples may be continued until 
practically all of the drug has been recovered in the urine 

If it is desired to test the function of each kidney separately, ureteral 
catheterization must be resorted to, the experiment otherwise being per- 
formed as above described. 

The phenolsulfonephtlialein test may be used to indicate the amount 
of derangement in quantitative functional disturbance of the kidneys, as 
in chronic interstitial and chronic parenchymatous nephritis or uremia. 

It is claimed that the rate of excretion of phenolsulfonephtlialein is 
affected by certain extraronal factors; namely, the albumin and hydro- 
gen-ion concentrations of the blood. 

3. Moscnthat Test for Kidney Function:* 11 Principle. The patient under 
examination is placed for a day on a more or ic&a definite diet *** The unne is collected 


*« Mosenthal Poston 3tnL Sure. J„ 170, 245 (1914) , Ohio State \t«l J , IS, 34S (1922). 

”* A diet suitable to ordinary hospital conditions is prrn by Kahn Functional Dtaqnoett, 
p 200. New \orh, W. F Prior Co . 1920 It not essential, as was formerly Mif\od to 
prescribe a diet abundant in diurettc foods or leverages, since ordinary fowls contain 
sufficient diuretic materials for the proper carrying out of the test In private practice it is 
only necessary that the patient eat three full meals a day and record the approximate 
quantiliev— l cup of coffee, 2 dices of toast, 2 tablespoonfuls of oatmeal, etc 
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m six two-hour periods during the daj and one 12-liour night period These urine 
specimens are anal) zed for \ olume, specific gra\ it) , total nitrogen, and chlorides 


Procedure. On the day of the test have the patient empty the bladder at 
8 A.M. and start the diet for the day which. If desired, may contain approxi- 
mately 13 to 14 g. of nitrogen, 8 to 9 g. of salt, 1700 to 1800 ml. of fluid, and 
considerable purine material In meat, soup, tea, and coffee.*** No solid food 
nor fluid of any kind must be taken between meals and especial care must 
be obseri ed that nothing is eaten or drunk ajter the evening meal. The meals 
should start at 8 A.M., 12 noon, and 5 P.M. 

Collect the urine punctually at the end of every 2-hour period until 8 
P.M., and place In separate bottles. Collect the night urine from 8 p.«. to 8 
A.M. of the following day In another bottle. Measure the volume of each 
specimen of urine and determine In each case the specific gravity, total 
nitrogen, and total chlorides. 


Interpretation. The test is of particular value apparently as gking 
earlier indications of diminished kidney efficiency than is true of some 
other tests used. It is sometimes difficult to interpret the results obtained 
in terms of renal involvement because of the influence of possible extra- 
renal factors. In general, however, the normal response is one in which 
the specific gravity figures vary at least 9 points (less if too little water 
is taken) from the hipest to the lowest and the volume of the night urine 
is 400 ml “ 4 or less If the percentage of nitrogen and sodium chloride in 
the night urine or in the highest of any of the day specimens is 1 per 
cent, a normal condition is indicated Values under 1 per cent, howe\er, 
may or may not be abnormal 


7*xme of Day j 

Urine I 

! 

Soflium Chloride 1 

A tlrogm 

..// 

Sp gr 

Per Cent 

G 

Per Cent 

G 

8-10 ... 

153 

1 01G 

1 32 

2 02 


1 20 

JO-J2 

150 

1 019 

1 2.5 

I 95 

0 74 

1 15 


101 

l 012 

0 01 

1 24 

0 59 i 

1 14 


2C0 

I 014 

0 77 

2 00 

0 50 

1.40 


1 U4. 1 

!. t im 
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. *i VZ. 

; ?. ?•:. 1 
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238 

1 010 

0 43 

1 02 

0 52 

1 235 

Total day 

1115 





7 32 

\icht, 8-8 

375 

1 020 

0 0.3 

2 30 

j 1 23 

4 Cl 

Total, 21 hours 

hot 






Intake 

1700 


i 

8 50 


}3 40 

balance 

j +270 

I 

L_ 

j -3 22 | 

~+t.47 


When kidney funetion beromes invoked, the first signs are usually 
demon strated in the night unno The quantity becomes increased » n< ^ 



Chip 31 


Ubine Quantitative Analysis 


9GD 


the specific gravity and the nitrogen concentration are lowered One or 
all of these changes from the noinnl may occur In ^ev ere cases of chronic 
nephritis an ad\anced degree of functional inadequacy of the kidney is 
indicated by a markedly fixed and low specific gra\ lty, a diminished out- 
put of both salt and nitrogen, a tendency to total poly ana, and a night 
unne showing an increased volume, low specific gravity', and low con- 
centration of nitrogen Such functional pictures are, however, not con- 
fined to nephritis They are found frequently in many other conditions 
pyelitis, cystitis, hypertrophied prostate, marked anemia, py elonephntis, 
polycystic kidney, and diabetes insipidus The table above taken from 
Mosenthal shows the response of a normal individual 

4. Other Methods. Inulm is filtered through the glomeruli and 
neither excreted nor reabsorbed by the tubules This is the basis for an 
inulm clearance test for renal (glomerular) function 555 

The p-aminohippunc acid (PAH) clearance test is employed as an 
index of renal blood flow since this compound is filtered through the 
glomeruli and excreted via the tubules * 86 

Other kidney function tests based on dye excretion rates or on con- 
centration and dilution efficiencies have been proposed 
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The chemical properties of the wwerd elements tlepenel upon the num- 
ber anel configuration of the unit negntu e charges, or electron *, which sur- 
round the nuclei of their atoms The number of Midi planetar} electrons 
in the neutral atom of nnj gi\ en element is equal to the number of protons, 
each having a unit positive charge, in the nucleus of that atom An ele- 
ment is characterized b> a fixed and definite atomic number of protons in 
the nuclei of ita atoms, balanced bj an equal number of planetar} 
electrons 

AU atomic nuclei, with the single exception of the nucleus of ordinaO 
hydrogen, contain one or more neutrons in addition to protons The 
mass number of the neutron (1 0089G) is almost identical with that of the 
proton (1 00813), based upon the arbitral} designation of 10 for the mass 
number of the commonest vanct} of ox}gcn The number of neutrons in 
the nuclei of the atoms of a gi\ en element is not ncccssanl} fixed, but ma> 
■vary within narrow limits Therefore the atoms of most elements contain 
nuclei with different numbers of neutrons, and consequent!} of different 
mass numbers Each such atomic species, w ith a specific mass number as 
well as a specific atomic number, is called an isotope 

The complete symbol for any isotope includes the chemical symbol of 
the element preceded by the atomic number w ntten as a subscript and 
followed by the mass number written as a superscript Thus ordinary 
oxygen would be written gO 18 , ordinary carbon as gC 11 , and ordmar} 
hydrogen as |H l These elements also ha\ c less abundant isotopes such a-s 
gO 17 , gO 18 , gC 1J , ill 1 , and ill* Since the atomic number is implicit in the 
chemical symbol, it is more common practice to omit the subscript and 
simply write O 14 , C 1 *, II 1 , O 17 , O 18 , C 1 *, II* or II 8 for the isotopes men- 
tioned in the previous sentences An equally logical but less often used 
system is to give the tw o numbers, omitting the chemical symbol 

Most elements exist in nature as mixtures of isotopes The table on P 
971 lists the isotopes of the elements of major physiological significance 
The proportions of the several isotopes in a naturally occurring sample of 
an element are, as a general rule constant regardless of the source of the 
material For example, the percentage of O 17 is the same in atmospheric 
oxygen and in oxygen obtained by decomposition of ocean water or ol 
silicate or carbonate rocks Most of the naturally occurring isotopes 
listed in the table are stable, which means that they do not exhibit radio- 
activity as a result of spontaneous nuclear decay 
970 
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For any given element with its fixed number of protons there exists 
only a limited number of pos. ible isotopes tn< h with its specific number 
of neutrons Of thae isotopca still fewer pov*tsS "table nuclei \mong 
certain elements usu illy those containing an odd number of protons 
only one of the possible isotopes is stable ''odium phosphorus, and iodine 
arc examples of such elements with only one stabh isotope Elements 
whooc nuclei contain an even number < f protons are likely to have more 
than one stable isotope Tin for example has 10 Vs atomic nuclei m 
crease in size and complexity the proportion of neutrons required to 
maintain stability also mcrea. cs i rom the table on p 97 1 w e can see that 
iron (atomic number 2b) requires 30 neutrons to st ibdue its mo t com 
mon isotope the neutron proton ratio is 1 1 » Iodine (atomic number «>3) 
has for its stable isotope a neutron proton ntio of 1 10 while the moat 
complex of all stable elements is In muth (atomic number S3) who e 126 
neutrons give it a neutron proton rtlio of 1 ui 

Vll nuclei more (omplex than that of bismuth ami many that are lcao 
complex are unstable and under},) spontaneous changes in neutron 
proton compo ition Such changes constitute radwactintj and may occur 
in one or more of three ways 

Upha particles each consisting of 2 protons and 1 neutrons may be 
emitted resulting in a loss of 4 in mass number and of 2 in atomic number 
Bela particles which are high peed electrons may be emitted causing 
a gam of 1 in atomic number by the change of a neutron into a proton, 
and no change in mass number 

Gamma rajs which are electromagnetic radiations comparable to x rays 
but more energetic and penetrating may be emitted and cause no 
change m ma^s or atomic number The production of y rays and the high 
velocities at which a and 0 particles travel are ev idence of the relca-C of 
nuclear energj previously stored in the bonds between protons and ncu 
trons Such nuclear energy is of an order of magnitude sufficient to permit 
its evaluation in terms of mass according to the relationship demon 
strated by Einstein that 9 X 10 0 ergs of energy arc cquiv alcnt to 1 gram 
of mass 

When these energetic radiations impinge upon surrounding atoms or 
molecules they not only produce chemical changes by altering the con 
figuration of planetary electrons but they also cause changes in nuclear 
structure transmuting one element into another The cyclotron and the 
atomic pile are devices for the production of high-energy radiations m 
high concentrations By their use radioactiv e isotopes can be prepared 
in useful quantities Radioactive isotopes are now known for every 
chemical element Both types of isotopes stable and radioactive have 
been useful in biological investigation The two types require different 
procedures for their utilization and have different applicabilities Each 
type will be considered separately 

RADIOACTIVE ISOTOPES 

Radioactive isotopes differ with regard to availability half life and 
type of radiation emitted Vvailalility now appears to be largely a 
matter of technical development The ty pe of radiation emitted (kind and 
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intensity) influences the sensitivity and methods of measurement The 
half life of a radioaetn e element is the time required for one-half of 
the atoms to disintegrate Isotopes with a v ery short or very long half-life 
are of less value than those with a half-life of the order of w echs or months 
A short half-life means that too great a proportion of the original material 
will hav e lost its activity (and original chemical nature) during the time 
required for transport after preparation to the place of use, and for the 
manipulative details of an experiment A very long half-life means that 
a high proportion of the isotope must be incorporated into a compound 
if accurate radioactivity measurements are to be made 

In contrast to the ordinary radioactive half life defined in the preced- 
ing paragraph, we sometimes speak of the biological half hfe t which is 
the time taken for a radioactive element within the body of a given 
organism to lose half of its activity Elements which are firmly fixed m 
the body, such as plutonium m bone, have a biological half life com- 
parable to the ordinary half life Excretion of other radioactive elements 
causes a loss m total body radioactivity frequently more significant than 
the loss by radioactive decay 

Measurement of Radioactivity. Most methods for the measurement 
of radioactivity depend upon the fact that energetic a or /3 particles can 
convert atoms or molecules of a gas to positive ions by displacing electrons 
from them Each positive ion so formed is paired either with the free de- 
tached electron or with a negative ion formed by the union of the electron 
with another neutral atom or molecule The number of such ion pairs 
formed per centimeter of the path of a particle is called its specific ionisa- 
tion Gases can also be ionized by y rays, which detach high velocity 
electrons from atoms or molecules in their path These secondary elec- 
trons in turn produce ion pairs 

The ionization chamber can be used for the measurement of any type of 
ionizing radiation, but is particularly adaptable to a particle counting 
In its simplest form, an ionization chamber consists of two parallel con- 
ducting plates, usually about 1 cm apart, mounted in a chamber con- 
taining a suitable gas, with provision for maintaining a potential differ- 
ence across the plates and for measuring the current flow through the 
circuit The radioactive material can be placed on the lower plate or 
alternatively the a particles may enter the chamber through a tlnn 
window of mica No current flows unless ionization of the gas is produced, 
when positive and negative ions will travel towards the oppositely 
charged plate* Within the range of voltage across the plates suitable for 
the individual instrument (usually 100 to oOO volts), every ion formed 
reaches the plates and causes an electrical impulse Ihc instrument is 
designed to take advantage of the high specific ionization of a particles 
and to minimize the disadvantage of their short range The ionizing 
chamber is usually used in connection with an amplifier and a mechanical 
counter, or v counting rate meter V sealer is a dev ice used w ith mechani- 
cal counters to cut down, by a predetermined factor, the number of elec- 
trical impulses recorded A pulse analyser or “kichsorter” differs from a 
scaler m that it transmits only stronger impulse*, eliminating the weak 
effects of fi and y radiation, and may also a**ort the transmitted impulses 
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according to strength and allot them to different count.ng circults ln 
counting mixed radiations <z particles may be screened out bj a 
sheet of aluminum, and both a and 0 particles bj a thin sheet oflead 
In proportional counters the applied voltage is increased to a rang 
(500 to 800 volts) where the electrons liberated in the primary lomza 
are given sufficient velocity to cause secondary ionization with format! 
of more electrons, which in turn are speeded up in the high-poten 
field, and so on This results in a self amplification of impulses known 
the Townsend cascade , or Townsend aialanche The degree of such se 
amplification depends upon the applied voltage ^ 

The Geiger-Muller counter utilizes a still higher voltage (800 to tow 
volts) with a greater degree of self-amplification and only minimal *a 
ation with small changes in applied voltage The cascades produced un 

these conditions are likelj to continue for some time after the entrj 
the initiating ionizing radiation, and so may merge with the unpu ^ 
from subsequent rajs or particles To resolve individual impulses, som 
form of quenching is necessary, which may be internal by the use of po S 
atomic organic gases, or external by the use of resistances An adequate J 
quenched Geiger-Muller counter will resolve individual particles at ra 
less than 5000 per second The probabilitj of two or more 
occurring during an interval too short for resolution can be caleulatea--- 
thc coincidence correction — for a given tube and a giv en counting ra ^ 
Geiger-Muller counters have been designed for all types of ionizing radi- 
ations, but are most suitable for 0 particles and y raj s , 

Scintillation counters utilize the flashes of light produced, chiefly 
a particles, upon impact of the radiation upon zinc sulfide and certa 
other substances The photomultiplier tube is used in counting circui 
based on this principle Still other types of counters are actuated bj 1 
change in electrical conductivity of certain crystals when exposed 
ionizing radiations 


The activitj of any radioactive source can be expressed in curies 


The 


cune was originally defined as the quantity of radon m radioactive 
equilibrium with one gram of radium It is now defined by the appro® 
mate equivalent, 37 X 10 1 ® disintegrations per second A mdh curie ' 
therefore, describes a radioactive source w ith 3 7 X 10 7 , and a microcune 
v uch a source with 3 7 X 10 4 disintegrations per second Another unit, toe 
rutherford, defines the quantity of radioactive material that decajs at 3 
rate of 10 s disintegrations per second Note that these units refer to 
disintegrations, and not to particles or rajs emitted From measurements 
of radiation per unit time, expression of the results in cunes or rutberforas 
requires a calculation of disintegrations per unit time utilizing the decaj 
scheme (which maj be quite complex) of the radioactive element i° 
question Bj measuring the ionization produced by any y raj emitter, 
its source strength can Vie expressed in roentgens per hour at one meter ( 
p 9<6) without knowledge of the disintegration scheme 

Iladioaulographj is a method for detecting and measuring radioacti' 
substances bj the effect of their radiations upon the silver bromide o 
photographic emulsions The action of light and of ionizing radiations 
upon the emulsion is comparable in that electrons are transferred fro 
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bromide ions to silver ions, with formation of metallic silver — tlie latent 
image — around which the silver produced by further reduction m the 
developing process precipitates A radioautograph is therefore produced 
by placing the radioactive material in close contact with a photographic 
emulsion. Light must of course be excluded, and direct chemical action of 



Tig. 258 Radio-Autographs of Sublingual ( SL ) 

AND SUBlIAXILLAHr (S.V) GLANDS OF A RaT GlVEN AU 
Injection- of C“-labeled Bicarbonate Immedi- 
ately after Birth 

The dark area indicates the presence of C'Mabeled 
substances as seen in an animal sacrificed 4 hours after 
injection. 11 

Courtesy, Ii. C. Greulich and C P. Leblond. 

the specimen upon the photographic emulsion may be obviated by inter- 
posing a thin layer of celloidin. Following adequate exposure, the photo- 
graphic emulsion is developed, fixed, W'ashed, and dried in the manner 
customary for ordinary photographic negatives. In histological studies, 
it is advantageous to have stained section and radioautograph super- 
imposed for observation. Several techniques for this purpose have been 
described. 1 Figure 25S shows by radioautographs the comparative sei.ro- 


1 Gross, Bogoroch, Xadlcr, and Leblond: Jm. J. Rocnlgenol, Radium Therapy, 65, 420 


(103t). 

** The sublingual gland (darker area) shows an intense reaction gi\ en by the mucous 


material present in the acinar cells as will as the Imnui of the ducts Tbo elaboration and 
reliase of the sublingual mucus « extremely rapid. The submaxillary secretion is consult r- 


ably slower. 
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Biological Effects of Ionizing Rad.ations. The unit in "Inch , 
poTalre to * rajs or to y rajs ,s measured is the roentgen The ro«ltp -W 
l defined as the quantity of x rays or y rays uhich mil produce, y ^ 
tion, 1 electrostatic unit of clectneitj of either sign in 1 ml of O 
manured under standard conditions of temperature and pressure A mo 
colljenicnt equivalent definition for the roentgen is the amount of J-raj 
or 7 “Is uhich must be absorbed by 1 g of air to cause it to gam 83 8 

Lr To°mclud?other types of ionizing radiations, such as or and 0 P ar *‘*=’ 
the roentgen egmialent physical or rep is defined as the quantity of domzuis 
radiation of any kind nhich, if absorbed by the soft tissues of the i bo 5. 
causes an energy gam per gram of tissue equivalent to that cau-eu 
1 r of x-rays or 7 rays 

Since the absorption of 1 rep of one type of radiation might fiat 
biological effect quite different quantitatively from that of 1 r€ " 
another type, the roentgen equivalent man or rem is defined as the quan * 
of radiation of any type which produces the ‘•ame amount of damag 
man upon absorption as 1 r of x rays or y rajs For x rays, y rajs, an P 
particles, 1 rep equals approximately 1 rem, but for a particles, I V 
equals 10 to 20 rem j 

The combined experience and experiments of medical radiologists » 
of the phjsiusts charged with the protection of workers handling rad 
active materials has led to the tentative conclusion that the total pt 
misnble dose of all kinds of ionizing radiation is 0 3 rem per week ove^ 
the whole bodj In defining this dose it is understood that very con 
eentrated whole body exposure for short times is dangerous even vm 
the limits of the permitted amount per week Larger doses up to 1 o rc 
per week, may be permitted if exposure is limited to hands and forearms 
Neutrons are emitted at high velocity from atomic explosions and i 
nuclear rLactors Such “fast neutrons” possess high energies but Umi 
powers of penetration When fast neutrons interact with tissue, they a 
first slow ed dow n by coIIlsioiis w ith nuclei predominantly those of hy d ^ 
gen, which are thereby detached from their molecules and stripped 
orbital electrons In this manner fast neutrons are actually ionizing 
radiations When the velocity of the neutrons is cut down by repea c 

nuclei, 


collisions, the neutrons may be captured by ordinary atomic 


bringing about nuclear transformations Neutron capture may result m 
the ejection from the nucleus of energetic protons, or m the erais&i° n 
y rajs accompanying the formation of deuterium in the case of hydrog * 
and in other instances the formation of radioactive isotopes U1 of th 
nuclear transformations arc further sources of ionizing radiation, " 
arc spoken of collet lively as induced radioactivity 
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H 2 0 + + H 2 0 -> H,0+ + OH 

The detached electron can also react with a water molecule, yielding 
a hydroxyl ion and a hydrogen atom 

<r + H,0 OH- -J- H 

The ions react together to form water molecules again Some of the 
hydrogen atoms unite to form hydrogen molecules Some of the free 
hydroxyl radicals unite to form hydrogen peroxide A hydrogen atom may 
unite with a hydroxyl radical to form water Thus radiation of pure 
water forms hydrogen and hydrogen peroxide 

If the water contains dissolved oxygen, it will combine with hydrogen 
atoms, increasing the yield of hydrogen peroxide, and forming per 
hydroxyl radicals 

H + 0 2 -+ H0 2 

Among the substances which have been shown to dimmish the destruc- 
tive effect of lomzmg radiations upon solutions of enzymes or upon living 
cells, cysteine and other substances containing the sulfhydryl group are 
notew orthy The sulfhydryl group can reduce hydroxyl radicals, h> drogen 
peroxide, and perhydroxyl radicals , 5 thus removing from aqueous solu- 
tions these products of louizmg radiation The other product, hydrogen 
atoms, is removed indirectly through the formation of perhydroxyl 
radicals (in the presence of dissolved oxygen, see equation abov e) 

The lethal effects of radiation result chiefly from the destruction of 
the more susceptible cells (all types of blood and epithelial cells) and the 
failure to form new cells to replace them Death after a single heavy 
exposure is usually delayed weeks or months, during which time blood 
cell counts fall and ulcerations of epithelia develop The symptoms which 
appear promptly after heavy irradiation — the initial radiation response or 
radiation sickness — do not necessarily indicate a lethal exposure Gas- 
trointestinal upset and lowered blood pressure may occur eicn after 
heavy x-ray dosage within the therapeutic range, particularly if applied 
to the abdomen Possible mechanisms to explain tins prompt reaction are 
the liberation of VDM (to be discussed later) and direct effects of radia- 
tion on the autonomic nervous system The damaging effects of ionizing 
radiations upon tissues can be demonstrated histologically 4 The clearest 
results are obtained in specimens prepared by freezing-drying, then cut 
and mounted dry Vacuoles appear within the cell nuclei of tissues which 
liav e been subjected to radiation In cells such as ly mphocy tes, w Inch are 
sensitive to radiation, the vacuoles distend and eventually rupture the 
nucleus In more resistant cells, the \ acuoles formed are smaller, and are 
later extruded through the nuclear membrane without necessarily 
destroy ing the cell 

The well-recognized genet ic effect of sublcthal exposures to ionizing 
radi itions is an increase m the rate of occurrence of mutations It has 
not been definitely established whether this effect is chemical (upon the 

* Swallow J Chem. Sec , 1334 (1052) 

‘Warren Unit ami Sommers Am. J Cltn Palk 22,411 (1952) 
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nude, protein molecule.) or rncdume.il (upon the thromo-ome) The 
genetic effect of radiations has been -hown to be cumulative, depending 
more upon the toUl radiation retcive*d by the experimental plant or 
animal than upon the intensity of the radiation Data relating amoun o 
radiation to genetic effects m man are not available Sterility can # 
produced by ionizing radiations in sublethal doses 
The amount of energy expended in producing the lethal effects o 
ionizing radiation in living cells is very ‘■mall, le=s than one-milhonth 
the cell’s normal daily expenditure of energy in metabolic precedes 
It is therefore evident that damage to key ‘•nbstances, such as enzy mes or 
nucleic acids, by ionization must be postulated to explain the destructive 
action of relatively minute amounts of energy Sulfhydryl enzymes are 
particularly susceptible to inactivation by radiation, even in vitro * One 
chemical mechanism by which tissue damage from radiation is known to 
take place is the formation of peroxides Tw o-thirds of the total biologies 
effect of exposure of Paramecium, aureha to x rays could be attributed 
to peroxide formation in the medium, since it could be abolished by 
catalase and could be duplicated by adding 1I 2 0 2 to the medium vvithou 
radiation 1 

Ionizing radiation also brings about the release within the circulating 
blood of a toxic substance which causes severe peripheral vasodepre»sion 
The behavior of this substance is like that of a similar substance liberated 
in traumatic shock Tins substance was first designated simply as VD ' 
(vasodepressor material), but was later identified as femtin By several 
criteria based upon physiological action, femtin and the VDM of u 
radiated animals are identicaL* A vasocxcitor material which has not been 
identified chemically, lias been reported in situations of reversible «hock 
and in animals that surviv cd into the second w eek following irradiation 
Radioactive Tracers. Physiological chemists have repeatedly sought 
a means of placing an identify mg tag or label upon a particular sample ol 
a foodstuff, drug, or intermediate and following it through its metabolic 
transformations in a living organism Knoop used such a tracer in his 
studies of fatty -acid oxidation when he substituted the phenyl group on 
the omega carbon atom of fatty acids Elaidic acid, the trans isomer ot 
oluc acid, lias been similarly used In both these instances the pathway 
of the tracer substance was found to be not identical in all metabolic 
sequences with that of the natural substance under mv estigation 

The me of tracer substances identical w ith the corresponding natural 
substances except for one or more radioartiv e isotopic atoms in the mole- 
cule has obviated this difficulty The tagged atoms can be identified by 
their radioactivity, whatever the compounds may be into which they are 
introduced by metabolic activities Such tracer substances can be pr®* 
pared by ordinary chemical synthesis or in some instances more efficiently 
by biosy nthesis using as starting material radioaetiv e isotopes obtained 
by the use of the cyclotron or the nuclear reactor The fundaments 
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postulate m metabolic studies with radioactive tracers is that the chemical 
changes undergone by the radioactiv ely tagged molecule during its 
metabolism are the same as those of the corresponding untagged natural 
substance This postulate is valid if, and only if, two important experi- 
mental conditions are maintained (a) radioactivity must be kept at a 
level low enough not to cause disturbance of cell metabolism, as for 
example by inactivation of enzymes, and (6) the tracer substance must 
be given in amounts not large enough to exceed physiological concentra- 
tions m the organism The latter condition can be purposely waived if 
the study mvoh es the effects of unusual concentrations or unphysiological 
substances 

Hevesy 9 made the first biological application of radioactive tracers 
He follow ed the absorption and distribution of lead in plants w ith thonum 
B (m modem terms, Pb 2ls ), a naturally occurring radioactive isotope of 
lead The choice of available radioactive isotopes at that time was, of 
course, extremely limited Currently the nuclear reactor and the cyclo- 
tron make available a large number of radioactive isotopes of elements 
significant in biology The radioactive isotopes most useful m present 
metabolic studies are C u , H 5 , P**, Na 24 , I 1 * 1 , Fe 55 , Fe 59 , S 35 , and Co 60 
Procurement of radioactive isotopes for experimental work requires the 
authorization of the Atomic Energy Commission No useful radioactive 
isotopes exist for two very important elements, oxygen and nitrogen 
Tracer work with these elements must therefore be done with the stable 
isotopes, 0 18 and N ls 

Although samples of pure radioactive isotopes can be isolated (with 
considerable difficulty), the material used for preparations of tracer 
substances is almost invariably a mixture of the desired radioactiv e isotope 
with stable isotopes of the same element The specific activity of a sample 
is defined as the number of atoms of the specified radioactive isotope 
divided by the total number of atoms of the same element (Unfor- 
tunately, the term specific activity is also used to mean curies per gram of 
the element specified The reader must distinguish these two different 
quantities by the units used ) 

\n important consideration enters here mto the interpretation of 
results obtained with labeled organic molecules If the isotopic element 
is in a labile position — 1 e , if it can enter readily into exchange reactions 
with the solvent or with other elements in the molecule — interpretation 
is obscured For example, an organic acid labeled with deuterium in the 
lomzable portion of the carboxyl group may exchange with the nomso- 
top c by drogen of w ater present to render the labeling valueless as a means 
of identifying the compound 

R COOD + HjO R COOH + D 2 0 

Thus a stably bound isotope is of more value in this connection than a 
labile one, and due consideration must be giv en to this f ict It should 
be pointed out that some positions in organic molecules arc stable m utro 
but may become labile t» mo Ihus the a ammo nitrogen of an innno 


» He\ca> Uiorhcrn. J 17 (19-3) 
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acid may be htable, but may become detached by metabolic processes so 
that the remainder of the molecule is no longer identifiable in terms ol 
isotope content: 

K CHN“H, COOII R CO COOII + N“II» 

Thus, although this type of labeling permits following the course of the 
nitrogen metabolism, it is valueless as a guide to what happens to the 
remainder of the molecule after deamination; for this purpose, the carbon 
chain should contain isotopic carbon, preferably in as many positions as 
possible, or stably bound deuterium may be present. 

Measurements of blood volume and extracellular fluid volume ha\c 
long been made by nonisotopic dilution methods involving the injection 
of some substance foreign but harmless to the body. A known amount was 
injected, time allowed for equilibration, and the concentration measured 
in the blood plasma. With a substance buch as the dyestuff T 1824 (Evans 
blue), which escapes but slowly from the blood vascular system, a close 
estimate of blood plasma volume is possible With soluble bromides or 
thiocyanates, which diffuse through all extracellular fluids but do not 
significantly enter cells, extracellular fluid volume can be measured. For 
this latter type of measurement the use of radioactive Br~ permits the 
use of very small doses and avoids the pharmacological effects of thu» 
ion. For blood volume determinations, the use of red cells tagged with 
radioactive phosphorus obviates the errors inherent in the dye method 
For measurement of total body water, deuterium oxide is the indicator of 
first choice, since it mixes freely with body water and traverses all cell 
boundaries. Its chief disadvantage is the special instrumentation 
quired for its measurement (see “Stable Isotopes,” below) Heavy water is 
toxic, but not in the low concentrations (0 2 atoms per cent deuterium) 
used in such studies A minor error arises from exchange of deuterium and 
from its incorporation into organic molecules This error has been esti- 
mated at less than 1 5 per cent 10 

EXPERIMENTS ON RADIOACTIVE ISOTOPES 

Determination of Blood Volume:" Principle. The determination of blood 
■volume in rabbits is accomplished by incubating blood cells from the animal with 80 
to 100 microcuncs of P» labeled phosphate for 45 to CO minutes at 17" C Approxi- 
mately 10 per cent of this activity is absorbed by the cells, which are then wash * 
reconstituted to volume, and injected into the animal After an interval for distribu- 
tion of the labeled cells throughout the circulation, a blood sample is withdrawn for 
counting The ddution of the activity of the cells (the volume of the whole blood) * 
obtained by dividing the acfvity of the injected cells by that of the blood withdrawn. 

The relative simplicity of the experiment allows for total working space on one 
24-inch by 30-mch table This is covered with a large blotter so that any spilled actw® 
material may be rcaddy discarded Special apparatus consists of a basic scaler and 
Geiger- Muller counter with a shielded manual sample changer. The counting ap- 
paratus is kept od a table separate from tin working area The radiation hazard » 


" Edelman Olney James Brooks 
•* Kelly, feun onset), and Liman J 
rabbits by Dr tabian LuincUi. 


and Moore Science 115, 447 (1952). 

Clin Incest , 27, 795 (1948), modified for 
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mammal to the animal or to the experimenters, as shown by Reid and Orr, xl who 
give data for 100 humans with average uptake of the cells amounting to 7 per cent of 
the 50 to 100 microcuries incubated, with the largest smgle uptake 19 5 per cent In 
calculating the hazard when the activity was injected into a human, they assumed a 
20 per cent uptake in a 50-kg individual This would calculate to 0 07 rep for ap- 
proximately one week, which would diminish to 0 035 rep m two weeks (14 3 days 
half life) This calculated value is deliberately high, for it assumes no excretion, but is 
yet a small fraction of the normally permissible 0 3 rem W ith but small precaution, 
therefore, no radiation hazard is encountered Indeed, it is probable that the students 
are exposed to greater dangers in their other experiments by handling corrosive acids 
and hot solutions As a means of illustrating fully the manner of w orking with isotopes 
students may characterize the radiophosphorus they use by calibrating its milhcune 
strength against a set of simulated reference standards They maj also count a sample 
daily for two minutes for seven or more successive days, m order to calculate the 
half life of the P** used and thus identify it This also affords a check on the purity 
of the isotope shipment, and acquaints the student with the mam remaining features 
of low -energy isotope experimentation 

Procedure All glassware should be siheoned and dried To all Cutler or 
jimllar tubes, a pinch of heparin (gauge by tip of spatula) should be added 
(a) Pbepabation of Tagged Cells To two 15-ml centrifuge tubes approxi- 
mately 1 5 to 2 ml of acid citrate dextrose solution (ACD) 1 * is added Using a 
syringe wet with ACD, 20 to 30 ml of blood is taken from a rabbit by cardiac 
puncture Between 5 and 8 ml of the blood is placed m one and the rest hi the 
other centrifuge tube These are covered with parafilm and inverted 20 to 30 
times to prevent clotting Both tubes are placed in the incubator at 37® C 
until ready for use, and inverted intermittently To the tube containing 5 to 8 
ml blood, add SO to 100 microcuries P** in volume less than 1 ml (to maintain 
isotonicity) The tubes are inverted 5 to 10 times and returned to the incuba- 
tor for 45 to 60 minutes Invert the tubes 10 times approximately every 5 
minutes Care is required to avoid shaking the tubes At the end of the incu- 
bation time, the cells are spun down in a refrigerated centrifuge at 2000 
r p m for 15 minutes The fluid is removed with a capillary pipet and replaced 
with cold ACD to the original volume Recentrifuging and reconstituting to 
volume is repeated 3 times, mixing being done by careful inversion 20 to 25 
times If slight hemolysis Is observed during tl\<i washing. It la advisable to 
eliminate the final one or two washings After removal of the third washing, 
the volume is replaced to original with cold ACD The tube Is inverted gently 
20 to 25 times or more, and placed in the Icebox until ready for use 

(b) PnEPAliATIOV OF T1IE TAGGED CeLL3 FOB COUNTING INITIAL AC TIVIT Y Since 
the tagged cells are too active to count conveniently, they are diluted serially 
with inert blood Into each of 4 small test tubes containing heparin place 3 
mi of blood Care is required Co prevent clotting The pipet should be previ- 
ously rinsed with ACD To the first tube is carefully added exactly 1 ml of 
the tagged red cells (making sure that the cells are well mixed before the 
addition) The tagged cells in the first tube have thus been diluted 4 times 
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One ml of the 1 4 suspension in the first tube 1b now removed and added to 
the second tube containing 3 ml of untagged blood, this gives a I 16 dilution 
Transfers are continued until the fourth tube Is prepared containing a 1 25 
dilution of the Initial 1 ml of tagged cells Mix carefully by drawing blood 
Into and expelling It from the pipet 15 to 20 times A pair of 1 ml portions o 
the final dilution is placed In the planchct for counting To each Is added a 
drop of 1 per cent detergent solution (Duponol) to facilitate spreading In the 
planchet 

(c) Injection of Radioactive Cells. The rabbit is weighed and placed In 
box with a cover so notched as to allow the head and ears to protrude Dot 
ears are shaved along the marginal ear veins The tagged cells are remove 
from the Icebox and Inverted to mix them well One ml Is drawn Into a 
tuberculin syringe and all air bubbles are removed Holding the right ear 
tightly. Introduce the needle into the right marginal vein Once In the vein, 
the needle is extended to the hilt If the needle slides easily with little frlc 
tion, the left thumb is placed over the needle and held securely, in order not 
to withdraw the needle if the animal moves its head Inject the cells slowly 
They are infused readily if the needle is In the vein The needle 1s then with 
drawn and the site clamped with the bulldog clamp After 20 minutes o 
equilibration In the rabbit, a sample 1s obtained for counting by making a 
nick in the left marginal ear vein Preliminary treatment with xylol or 
toluene on the surface of the ear may be used to promote a more rapid flow 
Several ml of blood are collected In a heparinized tube and I ml Is pipette 
Into a planchet Five drops of Duponol (ca 1 per cent) Is added The planchct 
of diluted tagged cells (1 256) and the one prepared from the animal are 
Incubated at 37° C to dryness (overnight) A third sample of untagged whole 
blood is similarly prepared for taking background counts If It is necessary to 
save time, the wet samples may be counted, but the counts are less repro 
ducible and less accurate 

(d) Packed Cell Volume This part of the procedure Is necessary only » 
plasma volume is to be determined The plasma volume Is found from the 
whole blood volume by a hematocrit determination, finding the plasma frac 
tion of the whole blood volume The tube with the remainder of the blood I» 
spun at 2500 to 3000 r p m for 60 minutes The top level of the plasma at the 
meniscus is read The level of the packed red cells is noted, ignoring the bufly 
coat The second decimal is estimated in the reading 

Calculation The instrument background B is measured m counts per minute 
using the sample of inert blood The background count B is subtracted from tbe 
counts of both the experimental and injected samples The experimental sample* 
withdrawn from the animal are counted for a time interval corresponding to several 
thousand counts and the activity m counts per minute is recorded (E) after sub- 
tracting B The activity of the injected sample I is found from the count (corrected 
for background) of the diluted tagged blood D multiplied by the dilution factor 2o6 
thus 

/ = D X 250 

The wl ole blood volume (WBV) in m Uihters is therefore 
W XV = i 

RADIOACTIVE ISOTOPES IN MEDICINE 
Ionizing radiation has been applied with increasing skill and success 
to destroy tumors or other undesired tissues Radioactive isotopes 
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general are applicable as sources of ionizing radiation for this purpose. 
Certain radioactive isotopes are concentrated by physiological mecha- 
nisms in certain cells or tissues — I 1S1 in the thyroid, P 32 in blood cells — just 
as the normal stable isotopes of these elements are so concentrated. In 
this manner, ionizing radiation can be localized to certain tissues for 
their destruction when they have become neoplastic. After administra- 
tion of P 32 by mouth or intravenously (in the form of a phosphate), it is 
taken up first by the red cells, with concentrations in white cells increasing 
after the second day. In leukemic patients who have received P 32 , after 
one week the isotope concentration in leukocytes is four to five times that 
in red cells. 14 

Smaller doses of radioactive isotopes may be used in diagnostic studies. 
The amount of I m in the thyroid gland of a human patient can be esti- 
mated by a measurement made externally over the thyroid region by a 
4-tube Geiger-Muller counter. 15 If an oral tracer dose containing 100 to 
150 microcuries of I 131 is given, 30 or 40 per cent of it should be demonstra- 
ble in the thyroid gland on the next day in patients with normal thyroids. 
Hyperthyroidism is characterized by higher uptake of iodine — around 
70 per cent, while in hypothyroidism the uptake is low — around 12 per 
cent as measured under similar conditions. Administration of I 131 in 
larger amounts is utilized for the destruction by radiation of cancerous 
thyroid tissue, or in reducing the activity of the gland in hyperthyroid 
patients. This form of treatment brings about results comparable to 
surgical removal of the thyroid, in whole or in part according to the dosage 
of the radioactive material. 

STABLE ISOTOPES 

Most of the common elements as ordinarily encountered in nature con- 
sist of mixtures of stable isotopes. Thus ordinary oxygen consists of 
the three stable isotopes O 16 , O 17 , and O 18 , in the proportion respec- 
tively of 99.7G, 0.04, and 0 20 per cent. More than 200 stable isotopes 
of the various elements have been recognized as existing, but only a 
very few have been obtained in concentrated form. To obtain the separata 
isotopes from a mixture, or fractions relatively enriched with respect to 
one isotope, advantage is taken of properties such as diffusion or reaction 
velocity which may vary with mass differences. Thus a water molecule 
containing O 18 will be heavier than one containing O 16 , and the two types 
may be separated by controlled fractional distillation. By such methods or 
their equivalent, the stable isotopes H 2 (deuterium), C 13 , N 1S , O 18 , and 
S* 4 have been made available for biological investigation. The first of 
these to become available in amount sufficient for investigative purposes 
was deuterium, first obtained by Washburn and Urey m 1932 by the 
fractional electrolysis of w atcr. It was in fact the availability of deuterium 
which suggested to the imaginative genius of Schoenheimer and Hittcu- 
berg the possibility of its use in biological investigations, a com cpt which 
may be said to have initiated the present phase of application of isotopes 
to biological problems. 

»« Duft> and llowlond* A*. V. Siate J. Med., 52, 551 (1952). 

11 Freed berg, Chanxmtx, and Kurland, l/rioWum. 1 , 20 (1952). 
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The chief application of the stable isotopes in biological investigation 
is for the purpose of labeling or tagging a molecule or part of a molecule 
The stable isotopes have the advantage over the radioactive type in 
that the time of preparation of the compound incorporating the isotope, 
or the duration of the experiment, are of no importance, there is no 
question concerning the possible effect of radiation on the experiment, 
and in some instances the isotope may be recovered at the end of the 
experiment and used again Disadvantages rclativ e to radioactive isotopes 
include the increased difficulty of measurement, the necessity for a higher 
concentration, since measurements of radioactivity are far more sensitive 
than measurements of mas3, and the relatively few stable isotopes 
available 

With the exception of deuterium, the stable isotopes are measured 
with an instrument called the mas3 spectrometer The principle upon 
which tins instrument operates is illustrated diagramatically in Tig 259 
The sample in the form of a gas, e g Nj, C0 2 , is admitted to a highly 
evacuated chamber across which a stream of electrons is flowing An 
electron colliding with a gas molecule causes it to become ionized, e g 
CO* -4 COt The gas ions so formed are accelerated by suitable means to 
produce a stream of ions which passes along the tube show n and through a 
powerful magnetic field, so arranged as to deflect the ion from its initial 
path On leaving the magnetic field, the ions pass to a collector plate and 
produce an ion current which is what is actually measured as an index 
of the number of ions striking the plate Ions of different mass, eg 
C ,l Ot and C u 0£, may be differentiated by either varying the strength-id 
the magnetic field, or more commonly this strength is held constant and 
the accelerating voltage is varied Results are obtained in the form of a 
graph relating ion current to accelerating voltage Isotopic ions differ 
on such a graph in their position along the voltage scale (which can be 
converted into mass, since a constant relation exists between these two 
quantities) , the ratio of one isotope to another is given by the ratio of ion 
currents at the respective points on the mass (voltage) scale It is this 
ratio of isotopes which is ordinarily desired — i c , the rclativ e abundance 
for example of C 11 over C 1 * in the sample as compared to their relative 
amounts in ordinary nonisotopic compounds 
The measurement of deuterium is a special case It may of course 
be measured with the mass spectrometer, but equally satisfactory result 1 * 
can be obtained by converting the deutenum to the form of water (as bv 
burning the sample in oxygen) and determining the specific gravity of the 
water so produced There is a predictable relationship between the 
specific gravity of the water and its content of heavy water , D-0 A com- 
^\ m l thod for determining specific gravity is the falling drop method , w 
which the time required for a drop of water to fall through a definite dis- 
tance in a nonaqueous solvent is measured This method is capable of 
high accuracy 

The motopc content of compounds labeled uith the stable isotopes 
usually is expressed in terms of atome per cent of isotope For example, 
if a substance contains 12 hydrogen atoms, and one of these is replaced 
by deuterium the isotopic content will be 1/12, or 8 3 atoms per cent 
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This is subject to some correction, since an ordinary “nomsotopic” com- 
pound contains a certain proportion of isotopes in accordance with their 
normal abundance The excess of a given isotope over that normally 
present is referred to as atoms per cent excess, a more satisfactory term 
when dealing with variations in the isotope content of compounds 



Fig 259 Operation of the \f ass Spectrometer Tube Idealized \ iew 
The ion beam is projected into the tube and deflected by the magnetic field 
The separation of the ions of different masses is indicated bj the \nnance in the 
radius of curvature of the gray and black arrow beams in the area of the 
magnetic field 

Courtcsj W eatingliouaa Engineer 

A special problem arises in connection with the use of deuterium m 
metabolic tracer studies Deuterium has twice the atomic weight of ordi 
mry hydrogen and lienee diffuses more slowly and will slow down reac- 
tion rates Differences m atomic weight exist (bv definition) among all 
isotopes of i gn en clement but in no other instance is the difference 
nearly as great proportionately 

Analysis by Isotope Dilution Stable or radio ictivc isotopes may 
be ummI in ihtmical maly^is in m*»t uices where other methods fail or 
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account of lack of specificity, as for example in the assay of culture 
filtrates of Penictlltum chrysogenum for penicillin G to the exclusion of 
other penicillins. Four steps are invoked in such an isotope dilution 
assay: (a) a tracer sample of the compound to be determined (e g., penicil- 
lin G) is prepared with a known isotopic content, and with the isotopic 
atom in a position which will not exchange; (6) a known quantity of this 
isotopically tagged compound is isolated in a state of purity, but not 
necessarily quantitatively; (c) the isotopic content of the isolated sarap.e 
is determined. By comparison of this figure with the isotopic content of 
the tracer sample prepared in step (a), and knowing the proportions in 
which the mixture in step ( b ) was made, the quantity of the substance in 
the unknown sample (e g , penicillin G in the culture filtrate) can be 
immediately calculated. If the isolated sample has the same isotopic 
content as the tracer sample, the quantity in the unknown was zero 
If the isolated sample has half the isotopic content as the tracer, the 
quantity in the unknown was equal to that in the tracer added; if one- 
third, equal to twice that added; one-fourth, equal to three times that 
added, and so on. In general, if the isotopic content of the isolated sample 

100 ~ 2 

is x per cent of the original, the quantity in the unknown is — “ 
of the quantity added. 
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GENERAL 

The components of a normal mixed diet which supply all the require- 
ments of the animal body for growth and maintenance include proteins, 
fats, carbohydrates, the vanous vitamins, water, and certain inorganic 
elements In the present chapter are considered some of the nutritional 
requirements for proteins, fats, and carbohydrates and the changes which 
these substances undergo subsequent to their digestion and absorption 
into the ammal body The energy metabolism of these substances has 
been considered in Chapter 25 Brief discussions concerning certain meta- 
bolic phases are also found m the chapters dealing with the urinary con- 
stituents and in other connections The questions of mineral metabolism, 
water, and the vitamins are discussed in subsequent chapters 
Throughout the discussions which follow, frequent mention will be 
made of the use of isotopes, which have proved such valuable tools m the 
study of intermediary metabolism and nutrition The isotopes themselves 
and their use in biology are discussed in Chapter 32 Adequate entrance 
to the voluminous literature of intermediary metabolism and nutrition 
is afforded by the footnote references and the reviews and special articles 
listed in the bibliography at the end of this chapter 

CARBOHYDRATE METABOLISM 
Carbohydrates supply the major portion of the daily energy require- 
ments of the normal individual, on an ordinary diet more than half of the 
total daily calories usually come from this source In addition to being oxi- 
dized as a source of energy, carbohydrates may be transformed to glyco- 
gen, supply the carbon chain for certain ammo acids, or be converted into 
fat Of these various processes, glycogen formation and breakdown ap- 
pears to occupy a central position 

Glycogen Formation and Breakdown (Gfycogenesis and Glyco- 
genolysis). Glycogen is found in practically all of the tissues of the body, 
but m varying amounts, the glycogen content of the brain, for example, is 
so low as to require special care for its detection The muscles and liver 
contain most of the glycogen of the body, largely because of their bulk 
relative to that of the other tissues Glycogens from various tissues — 
eg, muscle glycogen, liver glycogen — appear to bu chemically similar if 
not identical but to have markedly different physiological significance 
Thus the glycogen content of muscle is relatively constant in the a n 
9S7 
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of exhaustive muscular contraction ami is little affected by starvation or 
the nature of the diet, which raaj produce variation in the liver glycogen 
content from a mere trace to upward of 8 per cent of the weight of this 
organ 

Glycogen, therefore, may have both a functional and a storage *>ig 
mficancc The capacity of the animal to store carbohydrate as glycogen 
is relatively limited, however, as contrasted with its capacity to store fat 
The adult human body may contain about 300 g of glycogen, of which 
only that fraction found in the liver (normally about one-half of the 
total) represents a significant source of earbohy drate for general metabolic 
purposes Tasting for a few day s is usually sufficient to deplete the auimal 
of alt available stored carbohydrate Any r carbohydrate metabolism in a 
fasting animal after the exhaustion of stored carbohydrate is due pre- 
sumably to synthesis of carbohydrate from noncarbohydrate precursors 
(gluconeogcnesis) 

Major precursors of liver glycogen within the animal body include the 
glucose fructose, and galactose (but not pentose) produced by earbohy 
drate digestion m the intestinal tract, the glucose and lactate of the blood 
the glycerol portion of the fats of either the diet or the body , and certain 
amino acid constituents of the proteins of either the diet or the tissues 
which are capable of being converted into glucose and hcncc into gl} c °" 
gen Precursors of muscle gly cogen include the glucose of the blood and, 
to an extent which is still debatable, the lactic acid produced from gly^o* 
gen itself during muscle contraction These various interrelationships with 
regard to liver and muscle glycogen may be summarized in the following 
diagram adapted from Con 

Carbohydrate Blood glucose 

(diet) \ // \ 

Glycerol from fat -► Liver glycogen Muscle glycogen 

(diet and body) f \ ti 

Glycogenic amino acids Blood lactic Lactic 

(diet and body) acu l acid 

Knowledge that a particular substance is a precursor of liver glycogen, 
for example usually has been obtained by demonstrating that an m 
creased liver glycogen content follows the feeding of the test substance 
Perfusion of the isolated organ and incubation with surviving liver slices 
also have been used It has generally been assumed that if glycogen for 
mation occurred, the test substance was directly incorporated into the 
newly formed gly cogen That the situation is not quite as simple as this 
has been unequivocally demonstrated by the use of glycogen precursors 
labeled with radioactive carbon For example, if lactate labeled with 
radioactive carbon is fed to animals whose liver glycogen has been de- 
pleted by fasting and the newly formed glycogen which results from the 
lactate feeding is subsequently isolated only a fraction of this glycogen 
proves to contain the isotope label Furthermore the isotope is found dis- 
tributed among the various carbon atoms of the glucose residues in the 
labeled glycogen in such a way as to indicate that the fed lactate had 
entered into other reactions before some of the carbon atoms became 
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incorporated into glycogen. Similar results have been obtained with gluco- 
genic amino acids labeled with isotopic carbon. If glycogen formation is 
stimulated by glucose or lactate feeding in the presence of radioactive 
carbon dioxide (as bicarbonate), the radioactive carbon is also found in 
the glycogen subsequently isolated. Thus glycogen formation and break- 
down is a complicated and continuous process within the body; according 
to Stetten, 1 the half-life of rat-liver glycogen is but one day. The accum- 
ulation of glycogen in the presence of an apparent precursor may be due 
only in part to direct utilization of the precursor itself, or may even repre- 
sent a “sparing” action on glycogen metabolism without any direct 
connection with such metabolism. 

Knowledge concerning the intermediate steps in glycogen formation 
and breakdown has been obtained largely with tissue preparations or 
isolated enzyme systems. Much of this w ork has been done with either 
muscle or liver; it is believed that conclusions drawn from such studies 
are generally applicable, in principle if not in specific detail. The various 
reactions known to be concerned in glycogen formation and breakdown 
may be divided into two phases, anaerobic and aerobic, summarized as 
follows: 


Glycogen + Phosphate 
Glucose-l-phosphate 

Glucose + ATP -> Glucose-6-phosphate -4 Glucose + Phosphate 
U 

Fructose + ATP -4 Fructose-6-phosphate 
Fructose-1, 6-diphosphate 
Tnose phosphates 

u 

Phosphoglycerate 

Phosphopyruvate 

Lactate ;=i Pyruvate Anaerobic phase 


1 » - 
C0 2 -J- HjO Aerobic phase 


Many of these reactions already have been discussed in detail in Chap- 
ter 10 in connection with the chemistry of lactic acid formation in muscle, 
and the chemical structures of the various intermediate compounds also 
w ill be found there. 

It will be noted that the immediate chemical precursor of glycogen Is 
the compound glucose-l-phoaphate (the Cori ester). The enzyme cata- 
lyzing the rc\crsible reaction between glycogen, inorganic phosphate, and 
glucose- 1-phosph ate is known as phosphorylase. The equilibrium in this 
rcuction is in fa\or of glycogen; the direction of reaction appears to be 
determined largely by the concentration of inorganic pho*plmte. In the 
presence of excess inorganic phosphate, glycogen breakdown occurs; for 


* StcUcn and Boxer: J. Uxdt. Chtm* 15% 231, 237 (1941). 
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clycogen synthesis, it is necessary to keep the inorganic phosphate con- 
tent low This apparently is done in the cell by oxidative processes nhich 
incorporate the phosphate into phosphate esters, some of which are 
intermediates in the senes of reactions shown There is thus m effect a 
phosphate c jde (Con), whereby inorganic phosphate liberated by glycogen 
formation is used to pbosphoiylate other compounds which, in turn, can 
gi\e nse to glycogen and inorganic phosphate again 

For free glucose (or fructose) to be converted into gJycogen by the 
reactions shown, phosphorylation is necessary This phosphorylation 
leading to the formation of either glucose-d-phosphate or fructose-6-phoo- 
phatc, as the case may be — requires the presence of the “high energy 
phosphate' of adenosmetnpho^phate ( VTP), and of enzymes of the 
hcxokinasc type In liver these enzymes are known as glucokinase and 
fructokinasc, similar enzymes are found in muscle In brain tissue there 
appears to be only one enzyme which, like yeast hexokinase, acts upon 
both glucose and fructose The hcxokinasc enzymes, or at any rate their 
activities, arc apparently under the control of certain hormones, as 
discussed on p 1000, and knowledge concerning this control may proveto 
l>e of fundamental importance in understanding certain phases of carbo- 
hydrate metabolism 

After phosphorylation, glucose becomes available for either glycogen 
formation, reconversion to glucose, or breakdown to lactic acid anaero- 
bically or complete oxidation aerobically Reconversion to glucose is due 
to the enzyme phosphatase, which catalyzes hydrolysis of gIucosc-6-phoa- 
phate to glucose and inorganic phosphate This is believed to be the 
origin of the glucose of the blood from the glycogen of the liver (and pos- 
sibly also of the kidneys) In muscle tisaue, which contains no phospha 
tasc, glucoae-6-phosphate is cither converted to glycogen or degraded to 
form lactic acid anaerobically or completely oxidized aerobically The 
formation of lactic acid from glycogen requires no oxygen the oxidation of 
tnosepho^phate to phosphogly cerate is coupled with the simultaneous 
reduction of pyrmatc to lactate through the mediation of coenzyme 1 
which is alternately reduced and oxidized as described in Chapters U> 
and 35 

Aerobic Oxidation of Carbohydrate. The precise mechanism 
whereby earbohy drate is completely oxidized to COi and H*0 is fc tiU a 
subject of discussion It is felt by many that a reasonable answer to the 
mechanism of aerobic carbohydrate oxidation is afforded by the cyclic 
process first described m its essential principles by Krebs and called by 
him the nine and cycle later modified by Krebs and others and now more 
generally known as the tncarboxylic acid cycle 

Vccording to this concept carbohydrate is considered to be degraded 
to the stage of pyruvic acid CiI*GOCOOH by the senes of reaction® 
just described for the anerobic breakdown but whereas under anaerobic 
conditions py ruvie and is converted to lactic acid as the chief end product 
of the process under aerobic eonditions the pyruvic acid undergoes a 
differt nt *<ncs of reactions The-se rea< tions of the tricarboxylic acid cycle 
are summarized in the accompanying diagram which for purposes o* 
clarity has Utti considerably simplified as will i>c pointed out. 
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Carbohydrate 
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COOH 

Pyruvic acid 


H,C— COOH 
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acid 
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i 

H 2 C — COOH 
Citric 
acid 


H 

HOC— COOH 
H a C— COOH 

Malic 

acid 


HC— COOH 

II 

C— COOH 

I 

H*C— COOH 
c»r-Aconitic 
acid 

-f h 2 o 

H 

HOC— COOH 


HC— COOH 

Fumaric 

acid 


HjC — COOH 
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As shown m this diagram the first major ruction >n t^ scrota 

oxidation of pyruvic acid is the production of citric acid Ir py 

acid and oxalaLtic acid Earlier doubts concerning thordohfcdmM 
itself in the citric acid cycle have now been rcsoWrf and 
agreement as to its importance as indicated Oxalacetic aci tl 

present m small amount m actively respiring tissue and is cons 
bung regenerated as will be show n and 

The exact mechanism of the formation of citnc acid from py 
oxalacctic acids has been the subject of intensive study Earner v 
based on a variety of evidence postulated the presence of a 
2 carbon fragment (active acetate) formed from pyruvic ; . nott 

condensed with oxalacctic acid to form citnc acid Active acetate na , 
been identified by Lynen as the S acetyl ester of coenzymc * jn( j er 
Co V. symbolized as follows R — S — CO — CII 3 where R is the 
of the coenzyme V molecule (sec pp 1190-1 , , n 

The mechanism of formation of acetyl Co V from pyruvic 
animal tissues is not entirely clear in all its phases but there is n 
that it occurs in fact it is believed that all bubstances enten g ^ 
citnc acid cycle at the 2 carbon fragment level must be prccurs 
acetyl Co V One method of formation of acetyl Co ^ from pyrj»v tfae 
which has been established for heart tissue by Korkes el al 
reaction between pyruvic acid coenzyme V and diphosphopy 
nucleotide (DPN, coenzyme I) in the presence of diphospnotn 
(cocarboxylase), to give acetyl CoA COj and reduced DPN 
Pyruvic acid + DPN + CoA -4 Acetyl Co V + CO 2 + DPNH + ® 

In the presence of the condensing enzyme which is the first e ” zyB ? 
the citric acid cycle to be isolated from animal tissues in crystalline ^ 
(Ochoa) acetyl Co V readily condenses with oxalacctic acid to form c 
acid and Co V 


Acetyl Co V -1* Oxalacetic acid -4 Citnc acid + CoA 
Thus the over all reat tion results in the formation of citnc acid ro^ 
pyruvic acid (by way of acetyl Co \.) and oxalacetic acid The ro 
DPN is that of hydrogen acceptor m the living cell the hydrogc ^ 
ultimately transferred to oxygen 1 he role of cocarboxylase is no ^ 
tirely clear V similar oxidation of pyruvic acid can be demonstra ^ 
certain bactenal extracts here the cocarboxylase is said to be assoc 
with 0 8-thioctic acid (see Chapter 3o) in its action ueS 

Citnc acid 13 readily metabolized in muscle and other animal ^ jQ 
through the stages of cts acomtic acid and isocvtnc acid as show _ 
the presence of the enzyme acomtase which mediates an cquiu , 
among the three compounds Isocitnc acid once formed undergoes 10 % 
tion by dehydrogenation in the presence of isocitnc dehydrogenase to J n<J 
oxalosuccuue acid which is then dccarboxylatcd to give o ketogi ^ 
acid It 11 not clear whether an oxalosuccuue decarboxylase is COJlt j 0 
here or the entire reaction from isocitnc acid to a ketogi utanc a 


* Kin Won iW Csmp lh anil Ochoa J Biol Ckem 195, Ml (19 j2) 
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mediated by isocitnc dehydrogenase alone It is known however that 
tnphosphopyndme nucleotide (TPN, coenzyme II) is coupled m these 
reactions, so that the oxidation of isocitnc acid involves the reduction of 
TPN The over-all reaction at this particular step is therefore as follows 

Isocitnc acid + TPN a-Ketoglutanc acid + C0 2 + TPNH + H + 

As in the previous reaction mvoh mg DPN, the hydrogen of the reduced 
TPN is ultimately transferred to oxygen to form water 

The substance a-ketoglutanc acid is readily converted by decarboxyla- 
tion and dehydrogenation (with DPN as hydrogen acceptor) to give the 
C 4 dicarboxyhc acid succinic acid The intermediate stages in this reaction 
are not entirely clear, but they appear to involve the formation of suc- 
cinyl CoA as an intermediate Succimc acid is then acted upon by the 
enzyme succimc dehydrogenase, present in most animal tissues, to give 
fumanc acid by oxidative dehydrogenation Fumanc acid readily under- 
goes hydration in the presence of the enzyme fumarase to form malic acid, 
which on oxidation m the presence of the enzyme make dehydrogenase 
yields oxalacetic acid At this point the entrance of another molecule 
of pyruvic acid permits the entire cycle to be repeated 

Thus the net result of the cycle is the complete disappearance of one 
molecule of pyruvic acid, giving nse to three molecules of C0 2 in the 
process and requirmg the ultimate presence of fiv e oxygen atoms (2 50 2 ) 
to accept the 10 hydrogen atoms removed by the various dehydrogenation 
reactions As indicated above, the mechanism of hydrogen transport to 
oxygen is by way of the di- and tnphosphopyridine nucleotides (coen- 
zymes I and II), the flavoprotems, the cytochromes, and cytochrome 
oxidase, as described m Chapter 12 , “Enzymes ” 

The over-all reaction is therefore 

CH 3 CO COOH + 2 50* = 3CO* + 2H 2 0 

Pyruvic 

acid 

with a respiratory quotient (R Q ) of 3/2 5=12 By the combination of 
reactions described, involving the formation of pyruvate from carbohy- 
drate and the particip ltion of pyruvate 111 the tricarboxylic acid cycle, 
it is possible therefore to account for the complete oxidation of carbohy- 
drate to C0 2 and H 2 0 To obtain an R Q of 1 0, which is the R Q of 
carbohydrate oxidation, the transfer of two more hydrogen atoms to an 
oxygen atom must enter into the picture These tw o hj drogen atoms are 
presumably those which arise m the oxidation of tnosephosphate during 
the anaerobic phase of carbohydrate breakdown (see p 274), and which 
produce lactic acid from pyruvic acid under these conditions In aerobic 
metabolism they are transferred to oxygen by way of diphosphopy richne 
nucleotide (DPN) 

The major evidence in favor of such a cyclic process as that described 
may be summarized as follows the vinous postulated intermediates 
UMi illy increase the ri spiratory rate of suitable tissue preparations (e g , 
minced muscle) when iddcd m c Italy tic amounts, many of the individual 
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enzymes concerned hnv e been isolated and ^horvntc , funnUon as 
certain of the postulated mtcrmcdiates hate been isolated 1 (e 

st stems in the presence of specific poisons such as malonate and Jf 
Sid cm, cal exa P m, nation of the theory by the use of«top- » “ 

for specific portions of the vanous molecules concerned as y 

^The^eactlo'ns^o/ thc^ncarboxylic acid cycle alTord 
the participation in the processes of carbohydrate oxidation , h 

mtcrmcdiates shoun even though such intermediates me not carb^J, 
drates or may arise from noncarbohydrate precursors ihe imp ^ 
of this relationship to the metabolism of fats and amino acid 
evident from the subsequent discussion in this chapter .-Ale 

Most of the reactions of the tricarboxylic acid cycle are rev 
\n explanation is afforded for the synthesis of carbohydrates Iro 
carbohydrate precursors which arc or gne rise to componcn s 
cycle prosified a means is available for their conversion to py 3 
There is ample ev idcnce that such formation of pyruv ate occurs m 
tissues Pyruv ic acid may arise by the direct dcr arboxylation ot o 
acid 

C0011 CH, CO COOH -> CH, CO COOH + CO, 

Oxalacetic acid Pyruvic acid 

This reaction is known to occur in animal tissues Once formed pi run 
acid is readily pho phorylated in the presence of VTP 

Pyruvate + VTP <=i Phosphopyruvate + ADP 

Phosphopyruvate then can scrv e as a direct precursor of the hexosesa^ 
glycogen by the reversal of the gly colytic reactions already desenb 

p 989 kalchar has shown that phosphopyruvate itself is formed du^ 

the aerobic oxidation of the C 4 dicarboxyhc acids by tissue extracts 
may arise by the decarboxylation of phosphooxalacetic acid (Lip® 3 ' 

COOH CH COfPO.H,) COOH -* CH, CO(PO,H,) COOH + CO, 

Phosphooxalacetic acid Phospbopyruvlc acid 

(enol form ) (mol form) 

Other reactions doubtless remain to be discovered but at any r ^ e .^t C 
clear that the pathways of carbohydrate synthesis from noncarbohj 
precursors arc open by the reactions described itnC 

The possible rev ersibihty of the decarboxylation reactions in the c ^ 
acid cy cle has stimulated interest in the mechanisms of CO, fixation 
the utilization of the carbon of carbon dioxide for metabolic P ur P 
That CO, fixation occurs elsewhere than 

synthetic bacteria was first shown for nonphotosy nthetic bacto 
Wood and Werkman who postulated that the reaction inv oU ed ^ 
formation of oxalacctic acid from pyruvic acid and carbon dio 

CH, CO COOH + CO, -* COOH CII, CO COOH 

P> ruvic acid Oxalacctic acid 

Proof that CO, fixation occurs in animal tissues was afforded by Evan 3 
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and Slofan* using bicarbonate containing radioactive carbon, the a-keto 
glutanc acid synthesized by pigeon-liver preparations m the presence 
of pyruvate and the isotopic bicarbonate was found to contain a sig- 
nificant amount of the isotopic carbon The carbon of radioactive sodium 
bicarbonate administered to rats is also found m the glycogen subse- 
quently isolated from the liver 4 When fatty acids are oxidized to aee- 
toacetate by liver preparations in the presence of radioactive carbon 
dioxide, the isotope is found incorporated, to a small but significant 
extent, in the carboxyl group of the acetoaeetate formed 6 Other exam- 
ples could be cited, they all demonstrate that the release of carbon dioxide 
by animal tissues is not an exclusively one-w ay process 

Although the Wood-Werhman reaction has been much studied m con- 
nection with COs fixation by animal tissues, there is no good evidence 
that it occurs elsewhere than in bacteria Of greater interest in this con 
nection is the reaction discovered by Ochoa in liver extracts, in which 
malic acid is reversibly oxidized and decarboxylated to give pyruvic acid 
and C0 2 This reaction requires TPN as hydrogen acceptor, and is 
catalyzed by the malic enzyme 

Malic acid + TPN *=± Pyruvic acid -f C0 2 -J- TPNH 4- H + 

If this system is coupled with another TPN-requiring system, such as 
the combination of glucose-6-phosphate and glucose- G-phosphate de- 
hydrogenase, the TPN may be removed from the system to such an 
extent that the reaction proceeds to the left and there is a net synthesis 
of malic acid from pyruvic acid and carbon dioxide 

It is of interest to note here that Ochoa had previously shown that the 
oxidative decarboxylation of isocitnc acid to form a-ketoglutanc acid 
was experimentally reversible under the proper conditions, however, the 
equilibrium conditions for the malic enzyme are stated to be 15 times 
more favorable for C0 2 fixation by the malic enzyme reaction than for 
the isocitrate-ketoglutarate reaction It is to be noted that, once malic 
acid is formed from pyruvic acid and carbon dioxide, the presence of 
malic dehydrogenase in a tissue will lead to the production of oxalacetic 
acid Tlius the malic enzyme provides a mechanism for the entry of 
pyruvic acid into the citnc acid cycle other than by w ay of acetyl Co \ 
Despite the undoubted demonstration of its existence, the significance 
of C0 2 fixation by animal tissues remains obscure The extent of fixation 
is usually quite small, since equilibrium conditions ordinarily favor de- 
carboxylation The comparative ability of various animal tissues to fix 
COi has been studied by Crane and Ball 6 According to Ochoa, the malic 
enzyme reaction provides the only means thus far known whereby a 
net synthesis of dicarboxylic acids can be obtained from pyruvic acid 
and carbon dioxide It has been suggested that C0 2 fixation provides for 
the constant presence of the catalytic amounts of dicarboxylic acids neces- 


* Lvana and Slotin J Biol. Chcm 136 301 (1940) 

•Solomon Vonnosland Klemperer Buchanan and Hastings J Biol Chcm no 171 
(U41) 

* l laut and Lard> J Bwl Chcm 435 (1051) 

* Crane and Ball J Bid Chcm 188 S19 (1951) 
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sary for the continuous operation of the citnc acid cycle I t ^ interest g 
to recall here that, as discussed Chapter 2, the assimilation of COHj» 
green plants dunng photosynthesis leads to the formation dpP 
glyceric and phosphopynmc acids, and that malic acid is a I ( 

product of the reaction thus the fundamental processes of COi ass 
tion in plant and animal tissues may ucll be similar „„„„pmui 2 

Despite the extensive knowledge which has been obtained co 
intermediary carbohydrate metabolism, there is much that u strn 
seure The aerobic oxidation of lactic acid, for example, usually is 
sidcred to occur by nay of conversion to pyruvic acid wuen " (h , 
oxidized by the processes just desenbed There is some evidence tha 
as yet unknown and possibly important pathways exist In certa 
sues, glucose can be shown to be oxidizablc to form gluconic or p 
glucome acid, and the latter has been shown to be converted into 
phosphate, one of the building blocks of nucleic acids The conversio 
carbohydrate to pyruvate and the reactions of the tricarboxylic 
cycle have been studied largely in one tissue, 1 e , muscle, and the c ^ 
elusions domed are not necessarily applicable in tolo to other tissu 
Yet Krebs has pointed out that the various animal tissues thus far inv 
gated possess enzymes similar m general to those required for the 
carboxylic acid cycle, so that while individual differences between tiss 
doubtless occur, the basic reactions could be fundamentally similar in 
tissues n 

Formation of Carbohydrate from Amino Acids The reactions 
the tricarboxylic acid cycle afford a reasonable explanation for the abl • 
of certain ammo acids to give nse to glucose or extra gl > cogen m 
animal body Thus the amino acids glutamic acid aspartic acid, 
alanine, by metabolic deamination, give nse to a-ketoglutanc acid, o ^ 
acetic acid, and pyruvic acid respectively These three latter compou 
are recognized components of the tncarboxyhc acid cycle 


glutamic acid -» a ketoglutanc acid 
aspartic acid oxalacetic acid 
alanine -4 pyruvic acid 

After deamination therefore these three amino acid constituents of t ® 
protein molecule become indistinguishable from carbohydrate meta ^ 
lites Since the reactions of the tncarboxyhc acid cycle are rev ersihJ , 
mechanism is available for either the synthesis of carbohydrate or me 
olism via carbohj drate pathways for these amino acids, and for 
others which are convertible into these ammo acids by metabolic pr- 
esses That pathways exist other than those desenbed is quite proba 
but they remain to be discovered ^ 

Conversion of Carbohydrate to Fat. The fattening of farm anima*- 3 
and the development of obesity m man on high carbohj drate diets sug^ 
gest that carbohydrate can be converted to fat in the animal bony 
feeding expenments in which a control animal is killed and analjzca 
fat while a litter mate is fed a high carbohj drate diet, it can be , ° e< i 
that the latter maj after a time contain more fat than could be den' 
from all of the fat and protein fed In the same way, milch cows witno 



Chap 33 


Carbohydrate, Fat, avd Protein Metabolism 


997 


loss of fat from their bodies may secrete in their milk much more fat 
than can be accounted for by fat and protein ingested. Studies of the 
respiratory quotient yield similar evidence with regard to the conversion 
of carbohydrate into fat (see Chapter 24). The availability of isotope- 
labeled glucose has provided a more direct demonstration of the conver- 
sion of carbohydrate to fat. For example, if mice and rats kept on an 
essentially fat-free diet are given a dose of labeled glucose, between 10 
and 15 per cent of the labeled carbon atoms are found in the fatty acids 
of the animal body after 24 hours. 7 These and other results lead to the 
conclusion that conversion of carbohydrate to fat does not represent 
merely the storage of energy, but is also an important pathway in the 
metabolism of carbohydrate itself. 

The glycerol for fat synthesis may arise very easily from carbohydrate, 
possibly directly from phosphoglyceraldehyde, a normal intermediate in 
carbohydrate metabolism in tissues: 

CHO HjCOH H 2 COH 

1 "reduction | hydrolysis I 

HCOH ► HCOH ► HCOH 

H.COPO,H, H,COPO s H s HjioH + HaPO, 

Phosphogly- Phospho- Glycerol 

ceraldehyde glycerol 

The mode of synthesis of the fatty acid portion of the fat molecule is 
not yet clear. It is generally agreed that the first step in the synthesis in- 
volves the formation of reactive 2-carbon fragments, which are then con- 
densed with each other. On the basis of available evidence, the reactive 
2-carbon fragments arise by the breakdown of carbohydrate to the stage 
of pyruvic acid, as described above, follow ed by oxidative decarboxyla- 
tion of the pyruvic acid. There is a strong possibility that acetyl CoA is 
the reactive intermediate in the condensation, although the nature of this 
condensation has not as yet been precisely defined. Much of the work on 
fatty acid synthesis from carbohydrate has been done with bacterial 
systems, and it is not certain to what extent the conclusions reached 
are applicable to animal tissues. Although fatty acid synthesis has 
been demonstrated in animal tissue preparations, these preparations 
arc usually too complex to permit a precise explanation of the reaction 
mechanism. 

The formation of neutral fat from carbohydrate by way of pyruvic 
acid would involve the production of reactive 2-carbon fragments, con- 
densation, reduction of the /3-keto compounds formed to saturated acids, 
and lastly esterification of the saturated acids. Acetoacetic acid itself is 
known not to be an intermediate in this synthesis, although the pos- 
sibility remains that an active form of acetoacetic acid, e g. acetoacetyl 
CoA, may be concerned. Acetic acid has been shown to be a precursor 
of the higher fatty acids, presumably after conversion to either aeetyl- 
pliosphate or acetyl CoA; fatty acid synthesis from labeled acetate has 


* Masoro, CliaiLoff, arid Daubon: J. Biol, Chcm , 179, 1117 (1949). 
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been demonstrated in In cr homogenates ‘ Morcoi er, the mammary 8 
has been shown to be especially actnc m lipogenesis Large amounts^ 
acetate anse in ruminants, owing to the fermentation of car ^“ h} ' 
microorganisms in the rumen This acetate is absorbed from the rumen o) 
the blood and earned to the mammary gland, where it is used no 
as a source of energy but also for fat synthesis, in fact, Popjak rep 
that 50 per cent of the retained dose of acetate injected into a goat 
be accounted for in the milk fat The relationship of acetic acid to ca 
hvdratc and fat metabolism is further discussed on p 1000 

The Blood Sugar. The sugar of the blood is glucose, present norma > 
at a concentration of about SO mg per 100 ml of blood, or 0 08 per cea 
This level is maintained constant within relatively narrow limits un 
all ordinary circumstances, significant variations from the normal rang 
usually indicate some aberration of carbohydrate metabolism The co 
stancy of the blood sugar level apparently is due to a balance ‘ )et " e 
the rate at which glucose enters the blood and the rate at which it 
the blood Blood glucose appears to originate chiefly in the h' er > 
rapid fall in blood glucose level after hepatectomy indicates that o ^ 
tissues cannot contribute materially to the blood sugar content, although 
there is some evidence that the kidne>s may play a minor role in t 
respect The glycogen of the liver usually is considered to be the maj° 
source of the blood glucose, but the maintenance of a normal blood su£* 
level in the fasting animal long after liver glycogen stores are exhaust 
indicates that carbohydrate synthesis in the liver maj also play an imp 0 
tant part in this connection . 

Factors which lead to a removal of glucose from the blood inclu 
oxidation by the tissues, conversion to glycogen in liv cr and muscle, an 
to a minor extent in other tissues storage as fat, and under certa 
conditions excretion in the unne Increased oxidation in the tissues an 
increased conversion to liver and muscle glycogen each tend to lo«cr 
the blood sugar level when these two factors operate together, as afte 
the administration of insulin, the resulting hypoglycemia may be P r °" 
found In the absence of insulin, as in diabetes melhtus the inability t 
store glycogen m the liver coupled with decreased oxidative utilization 
in the peripheral tissues generally is believed to be responsible for tne 
elevated blood sugar values seen m this condition An alternate explan 3 
tion for the hyperglycemia of diabetes melhtus is accelerated gluconeo- 
genesis ( * overproduction ’) rather than impaired oxidative utdiz at, ° n 
( ‘underconsumption”) Evidence in favor of the overproduction thcorj 
is limited 

Increased glycogenolysis in liver (but not m muscle), as after the a 
ministration of adrenaline or during ether anesthesia likewise causes 
an elevation of the blood sugar The glycogen of muscle is not a dime 
factor in the maintenance of the blood sugar level, but operates om> 
indirectly insofar as the muscles remove glucose for glycogen formation 
or contribute lactic acid to the blood which is then earned to the h' er » 
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where blood lactate may be a significant source of liver glycogen and 
hence of blood glucose. 

Storage of carbohydrate as fat (discussed on p. 996) is apparently a 
property of most of the tissues of the body. Loss of glucose from the 
blood because of excretion in the urine will occur whenever the rate of 
reabsorption of glucose by the renal tubular cells falls behind the rate of 
entrance of glucose into the glomerular ultrafiltrate — i.e., when the level 
of pl asma glucose exceeds the renal threshold concentration. Ordinarily, 
the renal threshold concentration corresponds to a plasma glucose level 
of 150 mg. per cent or so, and this is only transitorily exceeded after 
ingestion of a large amount of carbohydrate, during emotional stress, etc. 
In the rare condition known as renal diabetes the renal reabsorption of 
glucose is so diminished that significant amounts escape into the urine, 
and after poisoning with the drug phlorizin the renal reabsorption of 
glucose is almost completely abolished ( phlorizin diabetes , see p. 1022). 
The excretion of blood glucose in the urine in diabetes mellitus is due 
more to the elevated concentration in the blood than to any significant 
alteration in the renal threshold. In none of the various conditions de- 
scribed which lead to excretion of glucose in the urine is the loss from 
the blood ordinarily sufficient to affect appreciably the level of the blood 
sugar concentration. 

Hormonal Control of Carbohydrate Metabolism. The metabolism 
of carbohydrate in the animal body is under the control of hormones from 
several of the endocrine glands, of which the pancreas, the anterior 
pituitary gland, and the adrenal cortex appear to be of major importance. 
Some aspects of this hormonal control have been indicated in the pre- 
ceding pages; the endocrine glands themselves are discussed in Chapter 
26. 

Knowledge concerning the relation between the pancreas and carbo- 
hydrate metabolism began with the classical demonstration by Von 
Mcring and Minkowski in 18S9 that removal of the pancreas in the dog 
was followed by development of the symptoms of diabetes mellitus. In 
1921 Banting, Best, and Macleod obtained the active principle of the 
pancreas in this connection, the hormone insulin. Administration of in- 
sulin to a normal animal leads to a profound hypoglycemia which may 
result in convulsions or unconsciousness (insulin shock). In the diabetic, 
a maintained administration of insulin wall completely alleviate the 
condition. Opinions differ as to the mechanism of insulin action; some 
feel that insulin accelerates carbohydrate oxidation, while others regard 
its function as primarily concerned with the synthesis of carbohydrate 
from noncarbohydrate precursors (gluconeogencsls) or possibly with the 
conversion of carbohydrate to fat. The significance of insulin, in the 
hexokinase reaction is discussed on the following page. 

A further notable advance in knowledge concerning the hormonal con- 
trol of carbohydrate metabolism was the demonstration by Houssay that 
removal of the pituitary gland ameliorated the symptoms of diabetes in 
the pancrcatectomizcd dog. Removal of the adrenal cortex is likewise 
effective in ameliorating the symptoms of pancreatic diabetes (Long and 
Luhens). These and other results suggest that control of carbohydrate 
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metabolism by the hormones of the pancreas, the anterior pituitary 
gland, and the adrenal cortex is essentially a balance between opposing 
forces, with the effect of insulin opposed by either or both the pituitary 
and adrenal-cortex principles Striking confirmation of this concep is 
afforded by the work of the Cons and their associates, who have found 
that the abilitj of tissue extracts to phosphorylate glucose by the hexo- 
kinase (glucokinase) reaction (sec p 990) is inhibited by a fraction oi 
antenor-pituitary extract, and albO by adrenal-cortical extract, tins m 
hibition is overcome by insulin Tissue extracts from diabetic annuals 
showed an inhibited hexokinase activity which was overcome in intro or 
in nvo by insulin This was the first demonstration of the hormonal con 
trol of a specific enzymatic reaction of carbohydrate metabolism, these 
expenments have been confirmed by others 

In another senes of expenments, Sutherland and Con 10 present evidence 
which indicates that the phosphorylase enzyme of the liver is under the 
control of epinephnne and the hyperglycemic factor (IIGF, see p 709) o 
the pancreas, small amounts of epmephnne or of HGF markedly in ' 
creased phosphorylase activity in liver slices where activity was low, and 
preserved activity m liver homogenates, similar effects were observed 
tn vn o It is suggested that phosphorylase activity in liver represents a 
balance between inactivation and resynthesis of active enzyme, and that 
this is m some as yet unknown way under hormonal control It will be 
recalled that both epinephnne and HGF promote the breakdown of liver 
glycogen in the animal body 

Knowledge concerning relationships between the vanous other hor- 
mones of the body and carbohydrate metabolism 13 relatively meager and 
difficult to evaluate 1 he thyroid hormone influences the rate of metab- 
olism in the tissues, but no specific relation to carbohydrate metabolism 
has been demonstrated, although a role in gluconeogencsis has been po 5 " 
tulated A role m gluconeogenesis has likewise been delegated to certain 
of the steroid hormones of the adrenal cortex (sec Chapter 26) The sub- 
ject is rendered difficult by the lack of punty of the hormone preparations 
in some instances and by the possibility that a postulated action or lack of 
action may in reality involve the mediation of some other gland or hor 
mone m addition to the one thought to be concerned 


FAT METABOLISM 

The fats of the diet and of the animal body represent largely a con- 
centrated form of energy, for metabolic or storage purposes, but there is 
adequate evidence that fats may subserve important nonealone meta- 
bolic functions as well In this connection, Burr and Barnes conclude 
that “ there are ample reasons for recommending that the fat intake be 
not reduced much below the normal established by habit” Thus the 
fat content of the diet may influence such diverse processes as the digesti- 
bility and absorbability of other foodstuffs in the gastrointestinal tract, 
and the rate of calcification of the bones fatty acids represent important 
constituents of the hpidc structural components of tissues, the fats of the 


‘•feutlerland and C<n J Dwl Ch*m isa 531 (1951) 
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diet serve as a vehicle for the fat-soluble vitamins, and the presence m 
the diet of certain highly unsaturated fatty acids which cannot be syn- 
thesized by the animal body has been show n to be necessary for normal 
growth and tissue metabolism Moreover, the presence of fat in protein- 
free diets exerts a favorable effect on nitrogen retention, as well as on the 
couise of pregnancy and lactation The physical capacity of rats has been 
shown to be greatet on high fat diets than on fat-fiee regimens Dietarj 
fat has likewise been shown to exert benehcial effects on rats subjected 
to such stress factors as th> rotoxicosis 11 x radiation, 1 " and cold 13 

The proportion of total calories furnished by dietary fat may vary 
widely from one group of individuals to another, and depends chiefly 
on such factors as availability, cost and estabhshed nutritional customs 
The recommendation of the National Research Council is that fat be 
present in the diet to the extent of furnishing 20 to 2o per cent of the 
total calories (30 to 35 per cent at higher levels of calorie expenditure) 
and that at least 1 per cent of the total calories be m the form of the 
essential unsaturated fatty acids (see p 1004) 

Comparative Nutritive Value of Fats. The vanety of fats found in 
nature has stimulated mvestigation into their relative nutritional merits 
for economic as well as for nutritive reasons These studies have failed to 
reveal any significant nutritional differences between the common animal 
and vegetable food fats and oils other than those attributable to slight 
variation in digestibility or in content of fat-soluble vitamins Deuel, 
et al 14 have furnished experimental evidence to refute the concept that 
butter fat possesses certain saturated fatty acids not present m other 
fats, which are essential for growth While rats prefer a diet containing 
butter to one in which the fat is com, cottonseed olive, peanut or soybean 
oil or margarine this preference is apparently due to flavor alone mar 
garme fat and butter fat promote similar growth responses when fed to 
weanling rats under controlled conditions 15 Deuel has reported that ade- 
quate growth and reproduction have been maintained in rats through 
30 generations on a diet in which skimmed milk powder and margarine 
fat replaced the whole milk powder of Sherman’s well known whole milk 
powder-ground whole wheat basal diet The equivalence of margarine 
and butter diets in promoting the growth of children has been demon- 
strated in tests earned out over a two-year penod under well controlled 
conditions 16 These and other results lead to the conclusion that butter 
fat possesses no special nutntive powers as compared to vegetable fats, 
and that properly fortified marganne is an adequate substitute for butter 
and has substantially equivalent nutritional value 17 Fortification of the 
first American marganne was earned out in the laboratory of the senior 


** Greenberg and Deuel J \u/rtiion 42, 279 (lOoO) 

11 Cl eng Ivrjder Bergquist and Deuel J \ntrUu> 48 101 (195 ) 

** Mitel ell Glickman La nbert Keeton i»nd l-ahnestoik 1m J Phynoi 146 SI 
(1940) 

‘Deuel Montt Hallman and Mattson J \ ulriiion 27 107 (1944) 

•* Deuel Movjtt and Hallman Scte ce 98 139 (1943) 

“Leiclenger I so nberg, and Carlson J A**- MetL t **oc 136 3SS (194S) 

»» Deuel -Science 103, 1S3 (1940) J \vlniton 32, 09 (194G) also Ld torn! J Am. 
Med -Imoc 128 SSI (1945) 
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author, who also demonstrated m rats that margarine so torffied was 

the nutritive equivalent of butter shown that 

Studies on the digestibility of natural 1 iats a,u ^mls havens ^ ^ 
the common cooking oils such as cottonse , » P \j 195 per 

oils, as well as butter, lard, and various J^stlble 

cent) digestible Beef and mutton tallow are somewhat ■ B 
RapLted oil, which contains a large proportion of erucic acid 
digestibility coefficient of only 82 in the rat,- although itrs ataos co 
pletcly digested in man - Moreover, castor 

catharsis m guinea pigs, rabbits, rats, or s P . f g 2 to 99 

beings Under such conditions, it is utilized to the extent 

Ter tent ” Among the fatty ae.ds themselves, mynstie and launc ac. 

are practically completely digestible by the rat when fed 

steanc acid has a lmv drgesUbrhty and palmitic acid occupies an 

mediate position” The tngljcendes of these acids behave in the 

“Relation Between Diet Fat and Body Fat. Prior to 
Schoenhumer and Rittcnberg on fat metabolism as studied 1 wthtb 
of fats labeled with isotopic hydrogen (deutenum), it had been 
generally that the fats of the diet were directly metabohzed and that f 
the excess above energy requirements was stored in the fat depots * 
body These authors 1 * showed that even when fat is fed at a lov 
some is first deposited in the tissues instead of being subjected to 
combustion The experimental details are of interest Normal mic 
kept on a diet low in fat, and containing 1 per cent of linseed oil wmc “ 
been partially hydrogenated with deutenum Later post mortem exa 
tion of the body fat for the presence of the deuteno fat indicated i » 
even though the total amount of depot fat remained constant, 47 per c 
of the dietary fat had been incorporated in the depot fat Thus th ® j 
mals w ere burning an approximately equal mixture of depot fat an 
fat, in spite of the fact that the fat content of the diet was below 
needed for energy purposes if complete^ burned 

Depot fat is therefore not inert storage material but is constant!} 
volvcd in metabolic processes. The admixture of dietary and tissue 
shown by such experiments as that just described is, however, su J 
to some modifying control, since the animal tends to produce a bod) ^ 
of fairly uniform composition and succeeds moderatel) well as long 
the fat of the diet is not altered to too great an extent If, however, larg 
amounts of fats containing foreign t>pes of fatt> acids are taken 
some of these may be deposited in the tissues unchanged and ma) m 3 
the character of the body fat Thus the melting point of the bod) * a 
the dog has been raised from the usual 20° C to 40° C b) feeding mu 
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tallow and has been decreased to 0° C by feeding hnseed oil Anderson 
and Mendel fed rats diets of skimmed-milk powder and added fat, and 
found that the iodine number of the body fat could be varied from 122 to 
35 by feeding soybean and coconut oils with iodine numbers of 132 and 
7 7, respectively This matter is of commercial importance since feeding 
hogs rations too high in liquid fats gives rise to a soft body fat yielding a 
soft lard In such cases, feeding for some time of a diet high m carbo- 
hydrate has a hardening effect, since the fat formed from carbohydrate 
has a higher melting point and tends gradually to replace a portion of 
the lower-melting-pomt fats 

However, ammals vary considerably with regard to the susceptibility 
of tissue fats to alteration in composition due to the fats present m the 
diet Shorland” designates the body fats from species such as cows, sheep, 
and other ruminants which resist change due to diet as homolipidcs , while 
the fats from species which respond more or less readily to food fats of 
unusual composition by a change in body fat composition are called 
helerolipides In considering this problem from an evolutionary view- 
point, it has been suggested that the storage depot fats of the low er marine 
forms, which ha\e the most complex fatty acid make-up of all species, 
merely mirror the composition of the food fats 25 This is because such 
ammals are unable to dilute the food fat with synthetic fats, since they do 
not possess the ability to change carbohydrate and protein into fat As 
the capacity for transforming these nonhpide components into fatty 
acids develops in the forms ranking higher m the evolutionary pattern, 
the modification of the storage fat by diet becomes leas pronounced In 
the ruminants, most of the storage fat is new ly synthesized from protein 
and carbohydrate, dietary fat is largely modified in the complicated 
gastrointestinal tract, and it exerts no appreciable effect upon the com- 
position of the fat in the storage depots \ccordiug to Wertheimer and 
Shapiro,'’ 4 * 6 synthesis of fat from carbohydrate actually takes place in 
the adipose tissue 

Some modification of ingested fat may occur during absorption and 
pet synthesis m tbs mtestmal wait That the various saturated fatty aadi> 
found in the mixed triglycerides of animal body fats are in synthetic 
equilibrium is shown by the fact that, after the feeding of a particular 
fatty acid labeled with deuterium l e , deuteno-palmitic acid, a sig- 
nificant amount of the deuterium is subsequently found incorpo- 
rated in the other saturated fatty acids of the body fats Deuterium 
is also found in the oleic and palmitoleic acid fractious, thus proving 
that these mono-unsaturated acids may be sj nthesized from dietary com- 
ponents ’ 7 This si nthesis may be by direct dehydrogenation, but it ap- 
pears more probable that the fed fatty acid enters into degradation 
reactions to produce smaller fragments from which the oleic acid is then 
si nthesized No deuterium is found in the hnolcic acid fraction, thus 
confirming the original obscr\ ations of Burr and Burr (see p 1004) 

4 Shorlai l \ at re 165, "GO (1*1^0) 

bhorland Aolart 1 0 924 (lJo~) 

** W ertl eimer « 1 >1 aj »ro JPAyaujI Her * 2S, 451 (194S) 

« Stcttcn &n 1 bcl ocnl eitner J Btvl Chem 133 32 J {1 J10) 
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that the annual .a unable to synthestzc these h.ghly unsaturated fatty 

■““Essential Fatty Acids The mabilitj of the animal body to synthaiM 
ccnau h“hb maturated fatty ^ 

found' that. 1 rats“placed on a ^“devoid of fat but otherwise apparen* 
complete failed to grou and del eloped charact. cnstie lesions ^ ndl . 
and tail (mm p 1073 and Fig 208 for complete description of thus c 
turn) Addition to the diet of the normal saturatcd fat ty M.ds o^ t^ 1 o[ 
acid did not render the diet complete, in fact, the ' **“? , peno d 
hy drogenated coconut oil has been i shown to shorten the dep letio pe 
of rats on a diet free from essential fatty acids, asiiellas t °™£™j y tlas 
accompanying symptoms *> When tnolcin was the fat e “P loJ “’ f 
effect was not noted ” When small amounts of highly d l 
acids such as linolue or linolemc acid were added to the i (bet ti a 
ficency did not deiclop Further study has hi 

the deficiency is apparently not concerned noth the formation ° £ 

from carbohydrate, or fat storage, arachidomc aud is more ™ , he 
than the other unsaturated fatty acids in promoting growth, ana m 
deficient animal the arachidomc acid content of the In cr is main < » [d 

the expense of continuous depletion of the other tissues Thl ? al 
imply that the presence of highly unsaturated fatty acids u >' • 
one time thought to be a characteristic of fat metabolism m this orga 
IS in reality due to selection and retention of these compounds! roi ra 
blood \rachidomc acid appears to be the essential fatty acid w taOki » 
physiological member of the group Using spcctrophotometnc 
for the determination of the number of double bonds in the 
fraction of blood and tissue fats, Reiser” and \V itten and Holman 
demonstrated the sj nthcsis of tctracnoic acid (arachidomc) from «n 

Oxidation of Fats. Tiic glycerol portion of the fat molecule i3 
doubtcdlj oxidized in the body by pathways of carbohydrate metaboUs » 
probably after preliminary phosphorylation to form phosphogl J <* » 

uhu h then by oxidation could gi\ c nse to cither phosphoglyccnc aldei y 
or pho-phoglyccnc acid, both of which are recognized intermediates 
carbohydrate breakdown (see p 989) The fatty acids arc oxidized 
quite a different way ,„„}»> 

fKlxiDvnos It is generally agreed that the major method ' W1L ‘ ^ 
futt\ acids are oxidized in tlie animal body is by tiic process known 
^oxidation Wording to thia concept, the fatty acid chain w ° x ‘ 
at the carbon atom 0 to the carboxyl group, with the splitting oil ° 
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2-carbon fragment and the production of a fatty acid having two less 
carbon atoms than the original. This process continues along the chain 
until the entire fatty acid molecule has been broken down to 2-carbon 
fragments by the removal of two carbon atoms at a time. 

The first biological evidence for /3-oxidation was afforded by the experi- 
ments of Knoop This investigator found that on feeding animals fatty 
acids of varying chain length but in each case with the u-carbon (the 
one farthest removed from the carboxyl carbon) attached to a phenyl 
group, there could be isolated from the urine either benzoic acid or phen- 
ylacetic acid, in the form of the conjugated derivatives hippuric acid and 
phenaceturic acid, respectively. Benzoic acid was obtained when the fatty 
acid chain contained three or five carbon atoms; phenylacetic acid when 
it contained two (i.e , phenylacetic acid itself) or four carbon atoms. 
These results led Knoop to conclude that the carbon atoms could not be 
removed one by one during oxidative breakdown of the fatty acid, but 
must come off in pairs, i.e., by oxidative removal at the /3-carbon. 

The mechanism of /3-oxidation, and the nature aud fate of the 2-carbon 
fragment thereby produced, has been the subject of prolonged and in- 
tensive study. A major difficulty in the past, since overcome, has been 
the inability to obtain cell-free preparations from animal tissues which 
were capable of oxidizing fatty acids and were susceptible to experimental 
study. Munoz and Leloir 3 * and Lehuinger 3 * weie the first to describe 
such preparations from liver tissue. Lehninger’s preparations under the 
proper conditions readily brought about the oxidation of all of the normal 
saturated fatty acids containing from 4 to 16 carbon atoms, with aceto- 
acetic acid as the main product. In the oxidation of octanoic acid, for 
example, two moles of acetoacetic acid could be obtained for each mole of 
octanoic acid oxidized: 

CH 3 (CH 2 ) 6 COOH + 20 s -4 2CHs*CO CH 2 -COOH 

Octanoic acid Acetoacetic acid 

The interesting observation was made that if oxalacetate was added to 
the system, the yield of acetoacetate decreased and some citrate, a-keto- 
glutaratc, and succinate Mere formed, suggesting that the citric acid cycle 
of Krebs (see p. 990) was entering into the picture. Since added aceto- 
acetate was not oxidized, even in the presence of oxalacetate, and pyru- 
vate was found to be oxidized in a manner similar to the oxidation of 
fatty acids, it was postulated that both fatty acid oxidation and pyruvate 
oxidation produced a reactive 2-carbon fragment as a common inter- 
mediate. This 2-carbon compound could then condense either with itself 
to form acetoacetate as end product, or with oxalacetate to form citrate, 
the citrate then entering the oxidative metabolism of the Krebs cycle. 
With the identification of the reactive 2-carbon fragment as the acetyl 
group of acetyl-coenzyme A (p. 1010), the process is now pictured by 
LeUmnger as follows: 


** Monos and Leloir: J . BioU Chem., 147 . 355 (1943). 
** Lchnwgex. J. Biol. Chertu, 141, 437 (1945). 
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CH,(CHj) ft COOH - 

Fatty acid 


3-oxulat . 


-> CHXO- S— CoA 
Acetyl Co A 

/ N. 

Acetoacetate Citrate 

u 


[KreU 
Ucle 

CO, + H,0 

Further aspects of the metabolic significance of acetoacetic acid and 
aeetjl groups are considered on pp 1007 and 1010 In connection ». h» 
breakdown of long chain fatty acids to the stage of acetyl groups it 
been suggested that the first step in the reaction is the formation o 
fatty ucid-coenzyme A combination, through the mediation of adenosi 
tnpho phatc (ATP) In the case of hearUnuscle preparations >■ 
oxidize fatty acids, Mahler 1 * has formulated this reaction (for butyra 1 
as follow 8 

Butyrate + ATP + CoA -* Butyryl CoV + Pyropho phate + AMP 

where AMP is adenosinemonopho»phatc, or adenylic acid Presumably a 
similar reaction occurs with other fatty acids as well Evidence w 
effect has been obtained by the use of hydroxy lamine to trap 131 1 
acid esters of cocnzyme A through the formation and identification 
the corresponding hydroxamie acids 

R— CO— S — Co A + H.NOIf -ylt — CO — \HOH + HS— CoA 

Acyl-coenzyme A Hydroxyl Acyl hydrox CoenzymeA 

amine amic acid 


Lsmg this procedure caprylyl hy droxaraic acid has been 1 ‘-elated fro 
li\tr extracts actively oxidizing tapiylic acid the oxidation presumaoy 
going through the intermediate formation of a caprylyl-coenzyme 
ester 

V fcccond method for the formation of fatty acid-coenzyme A com 
binations which thus far appears limited m its apphcabihty to butyTi^ 
and acetoacetic acids is through exchange with succinyl CoA According 
to Mahler l * oxidation of a ketoglutanc acid to succinic acid in t 
presence of cocnzy me V gi\ es it-c to the intermediate formation of su®” 
uny 1 Co V, w Inch can then conv ert but y nc acid into buty ry 1 Co V 


Surcinyl CoV + Butyrate -* Butyryl CoV + Succinate 

It is to be noted that this reaction mvolvcs DP\ (in the ketoglutarate- 
succmatc stage) but not VTP and it may account for the differences 
which have been noted occasionally between the oxidative metabolism 
buty nc acid and that of other fatty acids. 

It appears likely that the fatty and-toenzyme V combination once 
formed is a substrate for a dehydrogenase action involving DP^ aD 
resulting in the formation of a 3-keto group in the fatty acid chain 

M Mahler / Aoe/JUetie MttalxJum Vol II Haltim re J hn» IlopIuftJ Lni'erfcjty Pre*** 



1007 


Chap 33 Cajiboiitdicate, Fat, and Pbotein Metabolism 

RCH«CH 2 CO— S— CoA + 2DPX 

-4RCOCH 2 CO— S— CoA + 2DPNH -f 2H+ 

According to current views, the 0 keto acyl ester thus formed can react 
with another molecule of coenzyme A at the keto group, to split off 
acetyl CoA and leave an acyl coenzyrae A combination containing two 
less carbon atoms 

RCOCK 2 CO — S — Co A + HS — CoA. 

-4 RCO— S— CoA + CHjCO — S — CoA 

Thus by this tlnoclastic reaction the acetoacetyl Co A. formed in buty rate 
oxidation wall give rise to acetyl CoA, whereas for the higher fatty acids 
the combination of dehydrogenase activity and reaction with coenzyme 
A results in the shortening of the chain by 2 carbon atoms at a time, with 
the concomitant release of acetyl groups in the form of acetyl CoA, until 
the entire molecule is broken down 

As stated above, the acetyl groups which are the intermediate products 
of fatty acid oxidation give nse to acetoacetic acid or are further oxidized 
by the metabolic processes of the Ivrebs cycle There is some evidence 
that acetyl groups derived from the carboxyl end of a fatty acid chain 
may have a somewhat different metabolic significance from those de- 
med from the methyl end of the chain, further work wall be needed to 
clarify this point There is much in the picture of fatty acid oxidation 
presented here that is obscure and that wall presumably be subject to 
modification as knowledge increases in this field At the same time it is 
believed that a reasonably satisfactory explanation is now available for 
most of the known facts regarding fatty acid oxidation in animal tissues 
and that this explanation represents a significant advance in understand- 
ing over previous concepts It is likely that other pathways of fat 
oxidation exist For example, it is known that fatty acids may undergo 
a>-oxidation — i e , oxidation beginning at the carbon atom farthest re- 
moved from the carboxyl group— since certain long-chain dicarboxyhc 
acids have been isolated from the urine of animals after the feeding of 
fatty acids The significance, if any, of this type of oxidation m the normal 
metabolism of fatty acids is obscure 

Metabolism of Acetoacetic Acid Acetoacetic acid, its equilibrium 
reduction product <3-hydro\y butyric acid, CHj CHQH CH* COOH, and 
its decarboxylation product acetone, CH* CO CH 2 are the ketone bodies 
( ‘acetone bodies’ ) which normally are found only m very small amounts 
m the blood and urine Under certain conditions, as in diabetes melhtus, 
during starvation, or prolonged subsistence on a low carbohydrate diet, 
the amount of these ketone bodies m the blood nses and considerable 
quantities maj be excreted m the unne (see experiment on p 1073) Such 
a condition is known as ketosis It was believed for some time that accto- 
acetic acid uid its associated ketone bodies were abnormal metabolic 
end products md in particular tint acetoafctic acid represented the in- 
ability of the U^ucs to carry fatty acid oxidition by the 0-oxnlation 
process hi y ond the stage of the i-carbon compound 

It is now known th it acetoacetic acid is a norm il uid product of fatty 
acid oxidation in liver The acetoacetic acid formed m liver is not further 
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utilized by this organ, except possibly to a sliglit extent m fasting. 0 c 
tissues, however, readily mctibohzc acetoacetic acid to COj anu * * » 
and there appears to be no impairment in this respect m diabetes (Soa mj 
The intensity of ketone-body production (hetogenesis) by li\ er appears to 
be largely a question of substrate availability If adequate carbohy dra eis 
a\ ailable, the lner apparently prefers carbohydrate oxidation as a source 
of energy, and ketone-body production is small Carbohydrate is there- 
fore an “antiketogenic" substance In the absence of carbohydrate oxi a 
tion, as in diabetes or when glycogen stores are exhausted, oxidative 
energy is derived almost entirely from fatty acid breakdown and ketone 
bodies result ihey may be produced by the liver in such quantities tha 
the peripheral tissues arc unable to oxidize them as fast as they are 
formed, m which case they will accumulate in the blood (kctonemia) an 
be excreted m the urine (ketonuna) , 

It was felt at one time that ketogenesis was harmful and that it coul 
be controlled by the proper ratio in the diet of ketogeme material (fats, 
and the ketogeme portion of proteins) to antiketogenic material (carbohy 
drate and the glucogenic portion of protein) Ihese views arc no longer 
held The major effect of ketosis on the animal body appears to be in rcla 
tion to acid base balance, excretion of large amounts of acetoacetic aciu 
and 0-hydroxybutync acid in the unne as their alkali salts depletes the 
body of av ailable base and may lead to the development of an acidosis. 

That ketone bodies may arise from sources other than fatty acid oxida 
tion is well recognized Thur origin from pyruvate under certain circu®- 
stances lias been show n, and it is well established that certain ammo acid 3 
such as leucine and phenylalanine are metabolized via the intermediate 


formation of acetoacetic acid Presumably any metabolic source of acetic 
acid could also serve as a source of acetoacetic acid (see p 1009) Thus 
ketone body production is not a characteristic of fatty acid oxidation 
alone, but is rather to be considered only one of the various metabolic 
processes which yield energy to the organism 

Ketonuna dunng fasting occurs spontaneously to an appreciable extent 
only in man and the higher apes However when the salts of ketogeme 
acids are administered to fasting rats a marked ketonuna obtains, which is 
physiologic This is defined as an exogenous ketonuna Likewise, after 
the development of fatty livers m rats a spontaneous ketonuna of con 
sidcrable magnitude results on fasting this type of ketonuna is known as 
endogenous ketonuna Women exhibit a much higher degree of fasting 
ketonuna than do men 17 the same sex difference has been shown to occur 
in both the exogenous** and the endogenous ty pes” of ketonuna in the rat 
Further stages m the breakdown of acetoacetic acid to C0 2 and H*0 
occur largely in tissues other than the liver and are considered to involve 
the participation of coenzyme A and the reaction mechanism of the Krebs 
tncarboxylic acid cycle The role of the Krebs cycle m acetoacetate 
metabolism was first populated by Breusch 40 and by Wieland 41 and has 


” Deuel and Gul ck J Bid Ckem *t (1932) 

“ Butt* and Deuel J Bid f hem lee 4U (1933) 

** Deuel Hallman and Murra) J Bid Chem 11* 2o7 (19371. 
“ Breuacl Science *7 4 JO (1943, 

Wjeland anl Uo-enttial Ann 554. 24 1 (1943) 
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been confirmed by other investigators Tor example, Buchanan et al 42 
found that, after incubating kidney tissue with carbon-labeled acetoace- 
tate m the presence of an excess of nonisotopic ketoglutarate, succmatej 
and imnarate, on subsequent isolation these three mtermedvates m the 
Ixrebs cycle contained isotopic carbon derived from the acetoacetate 
These results, and those of many other in\ estigators, leave no doubt con- 
cerning the participation of the Krebs cycle m acetoacetate metabolism 
In the discussion of the 0 oxidation of fatty acids on p 1005, it was 
pointed out that the production of acetoacetate itself as an intermediate 
in the breakdown of fatty acids by extrahepatic tissue is considered to 
be unlikely, rather, there is formed the acetoacetyl ester of coenzyme A, 
acetoacetyl CoA This 0-keto acyl ester can undergo the thioclastic 
leaction with more coenzyme A described on p 1007, to give nse to acetyl 
CoA, which then follows well recognized metabolic pathways discussed 
below If this view is correct, then acctoacetic acid formed by the liver 
and brought by the blood to the extrahepatic tissues must be converted 
into acetoacetyl CoA before being further metabolized One mechanism 
for the activation of acetoacetic acid is found in the reactions described 
by Mahler 38 and discussed earlier in this chapter, according to this report 
acetoacetate is similar to butyrate m its ability to react with succmyl 
CoA to give (presumably) acetoacetyl CoA and succinate If tins or an 
equivalent reaction is found to prevail generally m the extrahepatic 
tissues, the metabolism of acetoacetate by these tissues becomes readily 
understood 

The possible relationship between fat and carbohydrate metabolism 
exemplified by the entrance of the reactions of the tricarboxylic acid cycle 
into acetoacetate metabolism may afford some basis for the aphorism 
that “fats burn in the fire of the carbohydrates,” which has fallen into 
some disrepute m recent years, possibly because it is clearly not applicable 
to fat metabolism in the liver Certainly if it can be shown that carbo- 
hydrate metabolism facilitates acetoacetate combustion (which has not as 
yet been done but which appears hkely) the existence of a “ketolytic” 
as well as an antiketogenic action of carbohydrate must once again be 
considered, at least in reference to organs other than liver Tor further 
discussions of ketone bodies, see Chapters 29 and 31 

Metabolism of Acetic Acid Acetic acid is the simplest possible fatty 
acid with an even number of carbon atoms It is readily metabolizable 
when fed to an animal, or when incubated with liver, kidney, or heart 
tissue (but not brain or muscle) It has been somewhat difficult to evaluate 
the metabolic significance of acetic acid m the past, because of its meta- 
bolic lability and the lack of precise methods for its quantitatne deter- 
mination By the use of isotope labeling, acetic acid has been implicated 
in the synthesis of a variety of substances such as acetoacetic acid, fatty 
acids, cholesterol, protoporphyrin, glycogen, and the dicarboxyhc amino 
acids as well as in the acetylation of choline to form icctylchohnc and of 
such substances as sulfanilamide and p aminobenzoic acid, which are ex- 
creted m part as accty 1 dematives m the urine On the basis of the “dilu- 
tion” of isotopic dietary acetate by the nonisotopic acetate of the tissues, 

“Buchanan Sahanu Gunn and Wilson J Bud Chem 159 C Jo (1945) 
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Iiloch ami Kittcul-crg” cat, mate that a 100-g ratptmh.-.a.ahou 
ctic acid per d iv by all metabolic processes, of which both carbo > 
Cakdo ", ' a„h fhoVoxalat.on of fatty aud, ,rc major component 
hmee the animal normally exerLtea little if any acetic acid in the un , 
all of the acetic acid produced must be further metabolized 
The mechanisms of acetate metabolism have been intensively 
m many laboratories As is evident from the previous ****** * n J J(is 
chapter, the oxidative breakdown of both carboh>drate and fat y * d 
appeared to require the formation of an intermediate 2-carbon comp 
winch was clearly not acetate itself but which was closely 
acetate, and hence called by many adtie acetate Studies on the ge 
of acct>l groups by animal tissues, eg, the formation of ac > 
famlamidc from sulfanilamide by liver tissue, likewise pointed u> 
existence of an active form of acetate A major contribution to this 
was made by Lipmann in the discovery of coenzj me A (for acctai J 
the coenzyme required m the enzymatic transformations of accta v 
bacterial and animal tissues Many illustrations of the role of coenzy 
in carbohydrate and fat oxidation have already been presented m ^ 
chapter, the structure and vitamin relationships of coenzyme A vvu 
found in Chapter 35 jyi 

The search for active acetate appears to have reached a succt 
conclusion in the discovery by Lyncn 44 of the formation of the b-ace } 
ester of coenzyme A as an intermediate in the metabolism of acetate J 
>east Coenzyme A contains a mcrcaptoethanolaminc residue in 
molecule, the relation between the structures of coenzyme A and acc } 
coenzyme A is as follows 


It — MI — CHz — CHjSII 

Coenzyme A 


R — Ml Cllr CHi — S — CO CHi 

Acetyl Coenzyme A 


Acetyl coenzymc A fulfills all of the requirements for active acetate 
the test systems thus far studied For example, while ordinary ace 
requires the presence of ATP to form citrate in tissue extracts contain 1 
oxalacetate, acetyl CoA yields citrate w ithout VTP being present “i 
larly, the requirement for a bourcc of energy in the formation of acc 
choline and acetylsulfamlamide by tissue preparations disappear 
acetyl CoA rather than acetate is used as a bourcc of acetyl groups U 
examples of the significance of acetyl CoA m reactions requiring 
presence of active acetate have been given in the discussions of car 
hjdratc and fat oxidation ^ 

It is clear therefore that acetate as such is essentially inert meta o 
cally until it is activ ated by con\ ersion to acetyl CoA That such ac 11 * 1V ^ 
tion occurs in animal tissues is generally believed, the mechanism no 
ever is still not clear Lipmann 41 has show n in both yeast and liver e * 
that the formation of acetyl Co V from acetate in the presence of A 
ma> occur as follows 


11 Bloch and Itittenberg J J BuJ Chtm 15* 45 (104.,) 

“Ljnen and Ilciel ert Angetc Chtm 4J 4" ( 1 J.,1 

“Lip ann June* Illaik at 1 Hyi n J Im <ftm S of 74 2X34 0*» r 2) 
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and b\ other means, both acetic acid and pjnnic acm ha « lta 

to be precursors of accUl groups m tins con ^° n ^^_ P T ^ ‘ln CC 0 f the 
ti\e and quantitative d, (Terences between them The tore 
ongin oT acctel amino acids from pjimatc is further discusseu 

*nis m connection with ammo acid metabolism . . * il. 

“SwSSSSShty of Fat and Carbohj drate. That the fat f to 

bode maj an«c from carbohydrate has long been hnoiin (i« P « , 

reVerse process, the production of carbohjdrate from fat and particular 
horn the fattj acid portion, has been the subject of comuderable contro- 
s ersj Experimental methods based upon the production l of ^ ert 6* c 

or glj cogen bj nhich it is rcadilj possible to demonstrate the S' ""' ne 
poner of certain ammo acids, for example, jneld esscntiallj ne S 
results alien fattj acids are studied For these and other re “ 0 " a ' ^ 3 > | 
hate maintained that fats do not give nsc to carbohjdrate in the an 
bods, although this corn croon can be demonstrated in certai 
organisms The opposing nett, held bj some, is that E luc “ nc0 ” (or 
from fattj acids is readili pos iblc and indeed is the major explanati 
the ht pergl j eemia of diabetes mclhtus Much of the evidence « 
favor of this latter view is faultj It has net crtheless been unequit 
demonstrated bj the use of isotopes that the carbon of c , crt u‘" fa,tJ rnn „g 
can be incorporated into the gh cogen of the animal bodj , thus p 
that fattj acids and carbohjdrate are reieroblj related, as would 1 t 
be expected from the equilibrium relations shown on p 101 1 1 he am * 
of comersion found, howe\er, isextremeh small relatne to that evpc ^ 
if the com eroon of fattj acid to carboht drate were of anj a alue to 
organism It has been suggested that such con\ ersion must be unecono^ 
cal to the bodj in the light of current concepts of carbohjdrate me a ^ 
lism, since carbohj drate formation from fatt\ acids must inevitably 
the expense of the metabolic energj of carbohj drate breakdown he 
or not the altered metabolic state of the diabetic facilitates or e\en ^ 
quires the com eroon of fattj acid to carbohjdrate still remains 
unequn ocallj demonstrated. 

Lipotropic Factors. On diets which are high in fats containing m ^ 
saturated fattj acid and which are low in protein or in choline, the 
ob«er\ ed a large increase in the fat content of the li\ er A high chole^t 
diet likewise leads to the production of a fattj hi er, the lipides in this c ^ 
consisting of cholesterol as well as neutral fat In either case, an me ^ 
in choline in the diet brings about a reduction in hi er fat This is o 
terest in connection with the possible role of lecithin m fat metabo 
but the explanation for the so-called lipotropic action of choline is no J 
established Methionine likewise exerts a marked lipotropic action o ® 
to its abilitj to promote the svnthesrs of choline bj the transfer of me 
groups to suitable precursors (see p 1024) 

«« Buchanan Hasting* and Nediett J Biol Chem 150 413 (1943) l*>rber 

Wood J Bid Chem. 1A1 411 (1945) 



Chap 33 


CARBOHYDRATE, FaT, AND PROTEIN MlT ABOLISH 


1013 


Other substances which exert a lipotropic action include hpocaic, a 
substance of as yet unknown nature claimed to be present in the pancreas, 
inositol, a member of the vitamin B complex (Chapter 35) and a con- 
stituent of certain phosphohpides (Chapter 11) , tryptophan, and possibly 
glut ami c acid Whether these v anous substances act in an independent 
fashion or through the mediation of choline action is not clear Tatty 
livers are also found under certain conditions in animals deficient in the 
essential fatty acids, m pantothenic acid or m riboflavin, or in animals 
which have been provided with an excess of thiamine or biotin (Chapter 
35) The relation between these various dietary constituents and the de- 
position of liver fat is not well defined, it is felt bj some that they may 
represent nonspecific factors acting through some general change m the 
nutritional state 

Parenteral Fat Administration. Although glucose and amino acids 
have been employed successfully in intravenous therapy for a number of 
years, practical procedures for the administration of fat are still in the 
process of development The two obstacles which prevented the earlier 
application of the procedure to man were the difficulty of obtaining a 
preparation stable enough to resist sterilization and w hicli w ould not cause 
fat embolism However, as early as 1935, in this country, Holt and as- 
sociates, 47 employing a butter emulsion stabilized with purified commer 
cial egg lecithin and containing 7 to 7 5 per cent of Iipidcs, administered 
the preparation successfully to infants The emulsion was prepared by 
homogenization at 4000 pounds pressure, followed by sterilization, 
most of the particles were less than 60 p m diameter Smce this eaiher 
work, a number of satisfactory fat emulsions have been prepared, using 
butterfat, com oil, coconut oil, or other fats, by employing soya phos- 
phatide, 48 or glycerol monostearate 49 as a stabilizer, or by subjecting the 
fat to supersonic radiations 50 Shafiroff et al 51 reported that, when fat was 
administered subcutaneously, a better utilization obtained when the 
spreading agent hyaluronidasc was incorporated m the emulsion 

Proof that emulsified fats are utilized following their intravenous 
administration has been obtained by the use of tagged compounds 62 For 
example, Lerner and co-workers have found that, when a C 14 labeled 
palmitic acid was injected intravenously into rats as a tripalmitm emul- 
sion, as much as 50 per cent of the administered isotopic carbon was ex- 
pired as COi within 24 hours, moreover, considerable amounts of the in- 
jected fatty acid w ere stored in the several adipose tissues The bulk of the 
C l4 -labeled fatty acid stored m the liver and intestine w os present in the 
phospliolipide fraction Turther confirmation that fat can be used when 


** Holt Twin ell and Scott J Pedujl 6 151 (1935) 

11 Colin 9 K.r ift Kn t cy Da\ison \ oung and Stare J Lab Chiu I fed. 33 143(1918) 
Mmn Gejer Wathin and Store J Lab Clin Med 34 G99 (1949) Shafiroff Mull olio, d 
Koth and Baron Proc Soc Exp Biol Med "o 343 (194 J) 

*’ Lerner Chaihoff and Fntenman Proc ‘Soc Exp Biol Med "0 3SS (1949) 

“ M) era and Blum berg Proc Soc Exp Biol Med. 35 79 (1930 
‘ shafiroff Baron Reel t and Mulholland Proc Soc hxp Biol Med 77 GOS(lJol) 

»» Kutcnburg Scligman and Tme J Clin. It real. 28 1110 (1949) Lemer C! aihoff 
Entcmnau ai d Da u) ten Proc Soc Exp Biol Med. 0 3SJ (1349) Si afiroff Uulf.olinr l 
and BaVir Lxp Mtd and Surg 7, ISO (l9ol) 
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injected intravenously has been adduced bj Mann el al , s * who proved 
that it spares protein in growing puppies, and provides energy , as muc 
as 30 per cent of the total energy requirement could be used efficiently w 
the form of intravenous fat , 

Glycerides of short-cham acids were reported to be toxic, while those o 
iaunc, mynstic, palmitic, and stcanc acids were found to be nontoxic 
when injected mtra\ enously as emulsions in man Oleic and linoleic aci 
esters can be tolerated by human subjects, at least in small concentra 
tions 54 Geyer and associates 55 reported a moderate increase m the total 
lipidcs in the spleen, lungs, and liver when stable emulsions of fats were 
administered by vein to rats Gorens el al '* successfully administered as 
much as 3 g of fat daily per kilogram of body weight to adults and 6 g- 
of fat per kilogram of body weight to a 7-week-old infant for periods up to 
27 days Under these conditions weight loss was prevented and po it*'® 
nitrogen and potassium balances were maintained Furthermore, re 
injections produced no gross or microscopic changes in the tissues How 
ever, one should not overlook the report that intravenous fat produces a 
febrile response, which is termed thermogenic rather than pyrogenic, s,I * ce 
it is not of bacterial origin 57 Lambert and associates 57 suggest that this 
effect may possibly result from an overburdening of the fat storage 
facilities due to the rapid influx of this foodstuff into the tissues Con- 
siderable work is m progress to find methods of preparation of fat emu* 
sions which will not produce the febrile reaction 


PROTEIN METABOLISM 

The proteins of the diet are considered to be completely broken down 
their constituent amino acids in the digestiv e tract by the action of tbe 
various proteolytic enzymes present and to be absorbed into the aninun 
body m the form of these individual amino acids The requirement for p? 0 ' 
tun is therefore fundamentally (if perhaps not exclusively) a require- 
ment for ammo acids and it should be possible to express the protein re- 
quirement of an animal in terms of the amount and kind of amino acid* 
rather than of protein itself The ability of amm o acids to replace protein 
in the animal diet was first demonstrated man} years ago by the use 
hydrolyzed protein supplemented with those amino acids known to be 
lost dunng the hydrolysis in place of protein itself to supply the nitrogen 
requirements of the animal This demonstration reaches its peak in tbe 
experimental procedure available today for both human and animal ev 
penments whereby mixtures of highly purified amino acids, in mnnv 
cases synthetic products are used to replace protein completely in expen 
mental diets The availability of this type of experimental procedure 
which was achieved only after the isolation and characterization of the 
ammo acid threonine by McCov Mi ver .n has led to 
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major advances 14 the science of nutrition. It is also largely responsible 
for directing attention to the clinical practicality of supplying nitrogen 
requirements during disease and convalescence by either feeding concen- 
trated intact proteins or intravenous administration of hydrolyzates 
and amino acid mixtures, an application of nutritional science which 
promises to be of outstanding medical value. It is an interesting com- 
mentary on scientific progress that approximately four decades elapsed 
between the demonstration that protein hydrolyzates were of nutritional 
value and the extensive application of this fact in medical practice. 

Dispensable and Indispensable Amino Acids. The amino acids 
supplied by the protein of the diet are needed for the synthesis of new 
body proteins during growth and for the continuous regeneration of the 
tissue proteins of the adult, as well as for many special purposes such as 
the formation of hormones, enzymes, purines, bile salts, creatine, and 
many other similar compounds. It has long been recognized that certain 
of the amino acids needed by the animal body for these various purposes 
need not necessarily be present in the proteins of the diet, since they can 
be synthesized within the tissues from suitable precursors. On the other 
hand, there are certain amino acids required by the body which cannot be 
synthesized under ordinary circumstances and which therefore must be 
present in the diet in adequate amount or nutritional failure, leading ulti- 
mately to death, will result. 

Those amino acids which can be synthesized by the body from the other 
constituents of the ordinary diet at a rate adequate for nutritional de- 
mands are called dispensable or noncssential amino acids; those which 
cannot be so synthesized but must be present in the diet are called 
indispensable or essential amino acids. It must be clearly understood that 
these terms refer solely to the presence of these amino acids in the diet; as 
far as we know, all of the amino acid constituents of the protein molecule 
are essential in one way or another for the metabolic processes of the 
animal body. In fact, as du Vigneaud has pointed out, the so-called 
nonessential amino acids are more properly regarded as being so essential 
to the animal economy that it has been forced to retain the ability to 
synthesize them even at the expense of other constituents of the diet. 

Knowledge concerning the dietary dispensability or indispensability of 
various amino acids has been obtained in the past largely by feeding 
experiments with young animals (e.g., rats) using a diet containing pro- 
tein known to be low or lacking in certain specific amino acids, or contain- 
ing a protein hydrolyzate from which certain amino acids (e.g., tyrosine, 
tryptophan) could be removed. Failure of the animal to grow on such a 
diet, followed by good growth when the diet was supplemented by the 
missing amino adds, afforded evidence as to the indispensability of the 
amino acids in question. 

This procedure has certain obvious limitations and occasionally gave 
obscure results. A more adequate experimental basis is afforded by the use 
of mixtures of pure amino acids as the sole source of dietary nitrogen 
(Rose). To establish the nutritional significance of any one amino acid, 
it is only necessary to prepare the mixture without that particular amino 
acid and to use this deficient mixture as the source of nitrogen for the 
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animal Much progress ha 3 been made in this field since this eipenmcnlal 
technique became available 1 i nf 

As a result of the extensn e experiments of Osborne and Menaei, 
Hopkins and of Ito^e, using the various procedures just described, i 
following tentative classification of the common amino acids with regara 
to thur diet iry dispensability or mdispen-ability for the young growing 
mammal w is suggested by Block 


liulupentaf It 

Partly Indirprnt'J le | 

DupemabU 


Croup i 

Group B 


Histidine 

Cj stinc 

Vrgimne 

Glutamic acul 

I } sine 

Tj rosine 

Clicine 

Af part ic acid 

Tryptophan 



Alanine 

l’{ cn> lalanine 



Serine 

MctliK nine 



I’rolinc 

Threonine 



Hjdro*> prolinc 

Leucine 




Isoleucinc 




Valine 





As one might expect, the division between the various groups of amino 
acids is not entirely a sharp one Thus although methionine in nifncien 
amount wall supply the needs of the animal for cystine, cy c tine 13 an l®" 
portant constituent of the diet in that it is able to spare that portion 01 
methionine which otherwise would be comertcd into cystine V sinuia 
Mtuation holds true with respect to the conversion of phenv lalanine into 
ty rosine 

The ammo acids in Croup B, arginine and glycine, apparently can be 
synthesized by young mammals but often at a rate insufficient to perrm 
maximum growth. On the other hand both of these amino acids are neces- 
sary for normal growth of chicks This is an instance where an ammo aci 
may be dispensable for cne species of animal and indispensable » or 
another 

Knowledge concerning the amino acid requirements of man is some- 
what limited.” Of the amino acids lifted above as indispensable for tb e 
young animal, histidine is apparently dispensable from the diet of the 
adult human,** at least as judged by the entenon of maintenance ot 

nitrogen equilibrium (see p 1020) It is quite probable that as more specific 

criteria than growth or nitrogen balance are used a somewhat differen 
picture will be obtained than that described here The conserv ativ e pohey 
in h uman nutrition would indicate the presence in the diet of adequate 
amounts of all the amino acids listed in the fir-t three columns above, 
ev en though experiments cov enng a ‘■hort period m the life span may mm 
cate that all of them are not needed for the period tested. 

Three suggestions concerning the recommended daily intake of m dis- 
pensable amino acids for human nutrition have been made. One is caleu- 


* For renew tee Melmck J Am Duiti. Auoe W {Ao (1913) 

Rote llair^B. and Warner- J Bid CUm. 2 M -121 (1a>4) 
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lated from Hose’s data on twice the minimum daily intake of each amino 
acid required to induce nitrogen equilibrium in young healthy adult men, 
another by Block and Bolling, calculated from the estimated per capita 
consumption of the principal protein foods in the United States in 1044, 
and the third from experiments on young soldiers on the low calorie 
(900 calones per day) army survival ration 60 These suggestions are sum- 
marized below 


Recommended Daily Consumption of Indispensable Wi\o Acids 
(Average for Entire Population) 


Anuno icui 

Trout Rose* 1 
(g per day) 

Block an l 
Bolling 
(g per day) 

U s Army 
Sumval 
Rah on 
(g per da j) 

Arginine 


4 8 

3 1 

Histidine 


2 1 ! 

0 7 

Lysine 

1 6 

4 7 

3 3 

Tryptophan 

0 5 

1 1 

1 0 

Phenylalanine 

2 2 

5 0 

5 5* 

Methionine 

2 2 

3 6f 

3 St 

Threonine 

1 0 

3 4 

2 G 

Leucine 

2 2 

8 3 

4 2 

Isoleucinc 

1 4 

5 3 

3 5 

Valine 

16 

5 3 

4 3 


* Includes tyrosine 
t Includes cystine 

Origin of Ammo Acids Although plants are able to synthesize all 
the known ammo acids when supplied with a source of nitrogen, inor 
game as well as organic, the higher ammals at least are able to synthesize 
only a little more thau one-half of the common ammo acids from the 
ordinary constituents of the diet or tissues The limiting factor m the case 
of those amino acids which cannot ordinarily be synthesized appeals m 
many instances to be the carbon chain or nng structure and not the nitro- 
gen, since it is frequently found experimentally that the synthetic keto- or 
hydroxy-acid analog of the ammo acid will take the place of the latter in 
the diet 


It 

I 

R 

It 

ch 2 

j 

| 

OH* 

1 

CH a 

HCNIU 

I 

CO 

j 

Ht^OH 

COOH 

COOH 

ioOH 

Amino acid 

Keto acid 

II> droiy acl 

S| ector V utnlion Pets 

to 2i>9 (lDo**) 



•* It is i t believed that tl e^e \alucs icb arc 01 l> twice tho minimum daih roq uro* 
menta of 5 ounjj 1 ealtlij adult males si o tl l be use 1 as tl e recoi w ended ammo an i in 
(at.es of tl 0 entire Vmerican population 
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Sometimes but not always both keto icni and by droxy acid arc e ^ L< V' 
in this respect the hydroxy u id presumably gn es rise to the keto acid d y 
oxidation Replacement of a dietary imino aud by its corresponding keto 
acid indicates that metabolism of the ammo aud proceeds rcvcrsi y 
through the keto aud stage 

Synthesis of an ammo aeul from a keto acid usually is considered toio* 
vohe a reversible eqtulil num with ammonia this may proceed through 
the intermediate formation of the imino aud 

+211 — 11*0 

H CHi GlI(MIs) GOOII *=; It GII, C MI COOU t=i 

-211 +HiO 

Amino aetd Imino acid 

It CHj CO COOH + '■«' 

Keto acid 

The biological formation of the ammo aud from the keto aud m iy nlsu ,a 
volvc acetylation (du \ igneaud and Insli) 82 

It 


It 


GII, 

It 


1 


1 H 

| 


cir, 

CH» 

/ 

Gir, 


T 

l 

IK \ 

f 

+ OH. 

CO 

+ GO + MI, 

1 \ 

-+ HCMIj 

ioon 

COOH 

i CO GII, 

GOOII 

COOH 

COOH 

Keto 

Pyruvic 

Acetyl amino 

Amino 

Acetic 

acid 

acid 

add 

add 

acid 


Another mechanism for the formation of amino aud from keto acid is b} 
the transamination reactions described on p 1021 It is not possible at the 
present time to evaluate the relative significance of these various processes 
in the synthesis of amino acids within tissues 

lhc amino acids found in animal tissues arc all of the L configuration 
(see Chapter 4) In the case of certain ammo acids it has been found tba 
the unnatural ’ or d configuration is convertible mto the natural for* 0 
by the body Ihis presumably involves loss of the asymmetry around the 
a carbon by conversion of the ammo acid to the keto acid followed bj 
asymmetric synthesis of the ammo acid in its natural configuration 
Enzymes capable of converting d amino acids to keto acids are found m 
many animal tissues In supplying the amino acid needs of an animal or 
human with the synthetic dl ammo acid however it is usually assum 
that the d component will be unavailable and twice as much of the iP* 
mixture is supplied as compared to the requirement for the h form For 
some amino acids the d form is largely excreted in the urine unchanged 
but there are instan es (e g seme) where the d amino acid has been 
shown to pr duee t me manifestations 

il”',;; 11 ,;;!,!,? J B,A m «'«■>”> -i- ‘ 
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Daily Protein Requirement. The amount of protein required by the 
individual per day is a nutritional factor of obvious practical significance. 
A variety of conditions will clearly influence estimations of the protein 
requirement. Among these may be mentioned growth, pregnancy, or 
other special demands of the individual; digestibility and absorbability 
and amino acid composition of the protein; possibly economic availability, 
individual idiosyncrasy, etc. Estimates of the protein requirement of man 
usually have been based on studies of the nutritional status of groups of 
individuals oil varying kinds and amounts of protein, and on the extension 
of the results of anim al feeding experiments to man. The Food and Nutri- 
tion Board of the National Research Council has recommended that the 
protein intake of an adult be 1.0 g. per kg. per day, of good quality pro- 
tein, for adequate nutrition. This corresponds to about 05 g. per day for 
an average adult human, and will result in a daily urinary nitrogen excre- 
tion of about 10 g. The recommended protein allowance for the female is 
increased during pregnancy and lactation; and for children it varies rath 
age. 6 * 

The efficiency with which a given protein supplies the nitrogen require- 
ments of an animal may be defined in terms of its so-called “biological 
value." Although the methods used in the past for the determination of 
biological value may be subject to revision in the light of changing con- 
cepts of protein metabolism (see p. 1048), the concept itself retains its use- 
fulness. Broadly speaking, a protein of high biological value is one which 
has a high digestibility and absorbability and supplies the organism rath 
adequate amounts of those amino acids w hich it needs. The amino acids 
will include not only those which cannot be synthesized by the animal, 
but also sufficient of the dispensable amnio acids to minimize the re- 
quirements for their synthesis. The presence of low or inadequate amounts 
of even one of the indispensable amino acids may be the limiting factor in 
the biological value of a protein. For example, if one such amino acid were 
present in a protein in such low amount that at ordinary levels of ingestion 
of the protein only half the animal’s requirement for this amino acid weie 
met, a nutritional deficiency would result unless the protein intake w ere 
raised considerably above the usual level, thus leading to a lowered 
efficiency with respect to utilization of the other amino acids present. 
In general, animal proteins are found to have a higher biological value 
than plant proteins because of the more satisfactory distribution in 
kind and amount of the various amino acids present. Endosperm proteins 
of the cereal grains (com, wheat, rice) are lower in certain of the indispen- 
sable amino acids, particularly lysine, than are the commonly consumed 
proteins of Animal origin. This has led to the erroneous generalization that 
aU plant proteins are incomplete or poorly balanced rath respect to tlieir 
essential amino acid composition; as a matter of fact, many vegetable pro- 
teins, such as those of oats, beans, yeasts, wheat and com embryos, leafy 
vegetables, and grasses, are almost as suitable sources of the amino acids 
as many of the more expensive animal products. It is sometimes recom- 
mended that at least half the protein of the diet be of animal origin. This 


See table, p . 11OS. 
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13 not mu.t-s.inly an adequate criterion ji cr sc, and act erul proteins of Io» 
biological V aluc individually may to complement one another "lUi re^ro 

to amino acid composition as to prov ide a mixture of high biological 
provided that they are ingested simultaneously 
Since the absence of any one of the indispensable ammo acids m 
result in incomplete retention (utilization) of the remainder, it 
proposed* 1 that the biological value of certain proteins may be 
not only to their content of lndispcnsahle ammo atid3 but to the rela 
rates of their release m and absorption from the intestinal tract 
example, the biological value of soy protun is increased when the n 
soybean meal is autoclaved, while that of casein is diminished by a 
in neither case is any difference in indispensable ammo acid con e 
observed by analysis Nevertheless it has been demonstrated that m 
protesting of soy protein increases the rates of release of methionin 
ltutine, and lysme dunng enzymatic digestion but at relatively 
rates The effect of differential rates of absorption in mo would he 
furnish incomplete mixtures of absorbed amino acids at the carl} s 
of absorption followed bj the too late release and absorption of ^ 
supplementary ammo acids needed for most efficient utilization 
well known that ingested ammo acids do not accumulate in the b 
stream lienee the proteins of highest biological value are those that n 
only contain the essential amino acids in adequate amounts but ma 
them available for absorption at relative rates consistent with D 105 
efficient utilization for protein synthesis and retention 

Nitrogen Balance and Nitrogen Equilibrium. The relation betuce^ 
the amount of nitrogen entering the body from the diet in the form ‘ ® 
amino acids, and the amount of nitrogen excreted from the bod} m 
form of metabolic end products (chiefly as urea but to some extent as un 
acid, creatinine, etc ) is known as the nitrogen balance The mtrogc 
balam t is positive if intake exceeds output negative if output exceeds i 
take, and if intake and output are essentially equal nitrogen cquilib* 1 
results The young growing animal must be in positive nitrogen balan 
since a certain portion of the ingested nitrogen is retained as new ly {oria qT 
body proteins and nonprotem nitrogenous compounds During fasting 
illness associated with wastage of tissues, a negative nitrogen balan 
exists ihe normal healthy adult is ordinarily m a state of n»tr°g 
equilibrium That is if the dietary intake of nitrogen is say, 15 g Pf 
day the total nitrogen excreted by all channels (unne feces skin) 
approximately 15 g. Of this excreted nitrogen, the urmc ordinarily co 
tributes about 00 per cent , 

Vtrogui equilibrium may be established at almost any desired le ' cl ° 
nitrogen intake Item as low as 2 g per day to 25 or 30 g or eten roon- 
This apparently is because within these limits the intensity of m tro fE e 
metabolism is determined by the rate of entrance of nitrogen mt “ 

body It was thought at one time that equality of nitrogen intake aim 
crelion represented essentially a disposal of dietary nitrogen m exc<s>* 
the needs of the animal that is, a small portion of the entering 


Mein ck Otttr and Weiss Science 
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was considered to be utilized by the body for the replacement of nitrogen 
loss due to wear and tear on the body tissues, but the bulk of dietary 
nitrogen was essentially surplus material and was promptly utilized for 
energy-yielding purposes without contributing to the nitrogen metabolism 
of the tissues. This was the basis for the classical distinction of Folin be- 
tween endogenous and exogenous nitrogen metabolism; according to 
this concept, the bulk of excreted nitrogen was of exogenous origin and 
did not arise by the metabolism of tissue protein. 

It is now known that this concept is not true, and that in general the 
nitrogenous constituents of the diet promptly enter into the varied nitro- 
gen and protein metabolism of the body tissues, becoming indistinguish- 
able from similar substances already present, and the equality between 
nitrogen intake and output is due primarily to the fact that the rate at 
which a certain amino acid is metabolized is determined largely by the 
rate at which that amino acid becomes avadable to the tissues. In other 
words, the entrance of a given amount of amino acid into the metabolic 
processes of the tissue brings about the metabolism of an equal amount of 
the amino acid molecules w hich are already present. Thus the distinction 
between endogenous and exogenous breakdown disappears, and must be 
replaced by the concept of a continuous and dynamic nitrogen metabolism 
the rate of which is determined, as are all chemical reactions, by the con- 
centration of reactants present at a particular time. The only biological 
exception to this thus far discovered is in connection with purine metabo- 
lism; apparently dietary punnes cannot penetrate the cell nucleus and 
thus enter into the endogenous metabolism of nuclear purines . 64 

This overthrow of the classical distinction between endogenous and 
exogenous metabolism is due largely to the pioneer work of Schoenheimer 
and his associates, based upon the application of isotopes to biological 
problems. The details of some of this work are instructive. Various amino 
acids (e g , leucine, glycine) w ere synthesized in the presence of isotopic 
nitrogen (N 14 ) so that the amino acid contained a significant amount of 
the isotope. These amino acids w ere then incorporated in small amount in 
the diet of rats. The urine was collected over 'a three-day period, after 
which the animals were sacrificed and the body nitrogen fractionated into 
protein and nonprotein portions. These, as w ell as the excreta, w ere then 
analyzed for the presence of the isotopic nitrogen. According to the classi- 
cal concept of endogenous and exogenous metabolism, the urinary urea 
should have contained most of the dietary nitrogen and therefore most of 
the isotopic nitrogen should have appeared promptly in the urine. This 
did not happen. Less than one-half of the isotopic nitrogen of the glycine 
was excreted, and less than one-third of that of the leucine. The bulk of 
the unexercted isotopic nitrogen was found in the tissue proteins. Later 
experiments have shown that the labeled amino acid is to a certain extent 
incorporated directly into the tissue proteins, and likewise contributes 
its nitrogen to various other amino acids of the body, since both the fed 
amino acid and other amino acids isolated from the tissue proteins were 
proved to eontaiu the isotope. 


** Plcntl and Schoenheimer: J. Biol Chtm., 153. 203 (1944). 
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In general therefore one may state that the amino acids 
enter rapidly mto biological equilibrium w ith the amino acids of the body 
becoming incorporated into newly formed protein or entering into row 
tions which supply nitrogen for the synthesis of other ammo acids or o e 
nitrogenous constituents of the tissues These reactions occur more or 
rapidly among the % anous tissues and somewhat independently of e 
nutritional state of the animal, labeled ammo acids are found incorpo- 
rated into the animal body proteins both when there is an abundance o 
that particular amino acid in the diet, and when on a nitrogen free e 
the tissue proteins are being extensively broken down for energy purposes. 

Conversion of Protein to Carbohydrate and Fat It has been we 
established that after metabolic removal of nitrogen, the carbon c a 
of certain of the ammo acids may be utilized by the animal for the forma 
tion of carbohydrate Ihe classical basis for demonstrating this formation 
entails the use of the drug phlorizin If an animal is treated with phlorizin 
the renal threshold for glucose is low ered to such a degree that 
ministered glucose, or that formed within the animal body by m eta do 
processes, is excreted almost quantitatively m the unne ("phlon 
diabetes ’) A fasting phlonzinizcd ammal will continue to excrete g' 11 ^ 
in the unne long after all carbohydrate stores have been exhausted It 
usually (but not mvanably) found that such an animal excretes abou 
3 6 g of glucose for every gram of unnary nitrogen The ratio of urU ? ar ? 
glucose (dextrose) to unnary nitrogen is known as the D/N ratio, wnic 
in this instance is 3 6 

A D/N ratio of 3 6 usually is interpreted to mean that out of ever} 
100 g of body protein metabolized by the fasting animal which worn 
correspond to the excretion of 1G g of unnary nitrogen about 08 g 0 
glucose are formed since =36 The remaining 26 g of protein ie 
100 — (08 + 16) presumably represents that portion which is meta 
hzed via fatty acid or ketone body formation It should be noted her 
that there are some who disagree with this interpretation of the sig^m 
cancc of the D/\ ratio , 

If to a fasting phlonzinizcd ammal either protein or certain amino aci ® 
are administered extra glucose is found in the unne along with c* 
metabolic nitrogen By quantitative measurement it is believed po»si 
to evaluate the ability of either protein or amino acids to yield glucose i 
the ammal body L sing this method it has been found for example 
v anous proteins yield from about oO to as high as 80 per cent of the> 
wei glit as glucose and that certain amino acids are glucose-formers w 1 
others are not Those amino acids which have been shown to be glucogco* 
by tins procedure include glycine alanine cysteine methionine nor 
leuanc prolinc senne valine arginine aspartic acid and glutamic a fl 
those ammo aeids which do not yield extra glucose in the phlonzunz 
animal include isolcucme leucine lysine phenylalanine tj rosinc an 
trj ptoplian 

Hie a! slaty of protein to jicld glucose would thus appear to be , 
to the relative proportion of glucogenic amino acids m the molecule a 
wKle variation among proteins maj be expected It is interesting to no 
mat there is a rough parallelism between the glucogenic ammo acids an 
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those capable of being synthesized within the animal body In the light 
of current knowledge concerning intermediary carbohydrate and protein 
metabolism, it is not surprising that such ammo acids as alanine, glutamic 
acid, and aspartic acid aie glucogenic, since after metabolic lemoval of 
their nitrogen there remain the substances pyruvic acid, hetoglutaric acid, 
and ovalacetic acid respectively, and these latter compounds are recog- 
nized intermediates m carbohydrate breakdown and synthesis 

Other methods of studying the conversion of amino acids to carbohy- 
drate include the use of perfusion through isolated organs, the ability of 
the compound to lead to increased liver glycogen content when adminis- 
tered to the fasting rat, and the ability of the amino acid to reduce an 
experimentally induced ketosis Results by the various methods described 
are not always concordant for a particular ammo acid Tryptophan, for 
example, will reduce an experimental ketosis but will not lead to an in- 
creased liver glycogen content or an increased excretion of glucose m the 
phlorizimzed dog, and other examples might be cited It is possible that 
these vanous piocedures mcasuie metabohcally independent functions 
rather than the same general property of carbohydrate formation, but 
more must be learned about the individual reactions concerned before the 
subject will be better understood 

The conversion of ammo acids to fats or fat metabolites is less well un- 
derstood than that of carbohy drate formation Certain of the amino acids 
(e g , tyrosine, phenylalanine, leucine) appear to be oxidized directly by 
w ay of the formation of acetoacetic acid, and this may m turn give rise to 
the synthesis of fatty acids Since proteins can be converted into glucose, 
and glucose into fat, some fat may anse from protein in this fashion The 
significance of this in normal nutrition is uncertain 

Protein Storage. There is as yet no evidence for the existence wathin 
the animal body of a storage form of protein analogous to the storage 
of carbohydrate as glycogen, or of fat Yet there does appear to be a 
reserve protein supply which can be drawn upon to furnish the funda- 
mental nitrogen requirements of the animal when the protein intake is 
inadequate This reserve protein appears to be drawn from the tissues 
themselves, such organs as the liver and kidney, and the blood plasma, 
appear to be capable of undergoing a considerable depletion of protein 
content to supply the needs of other parts of the body for nitrogen during 
fasting Other organs — e g , brain — are more resistant to protein depletion 

Specific Dynamic Action of Protein. When protein is fed, more 
heat is produced in the body than can be accounted for by the combustion 
of the protein ingested One view is that this action is due to the stimulat- 
ing action on the tissue cells of certain products of amino acid catabolism, 
perhaps hydroxy acids, leading to increased oxidation of carbohydrate by 
such cells Glycine, alamne, and phenylalanine appeir responsible for 
much of the specific dynamic action of protuns Carbohydrates and fats 
also exert a specific dynamic action, but to a lesser extent than proteins 
md annuo acids Tor a further discussion of tins subject, the reader is 
referred to Borsook** and Ixriss 67 

•* Borsook II uA Rett 1J, 147 (1930) 

•Mviim J \ utnlion 31. 2S7 (19-11) 
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General Physiological Transformation of Amino Acids T e 
ammo aculs in the body undergo man> % aned and complicated reactions. 
Some of these are being revealed in detail as a result of the extensile use 
of isotope techniques 

TranjsVMin at i on This refers to the transfer of ammo groups from one 
compound to another An amino acid under the influence of a speci c 
enzyme loses its amino group to a heto acid and the original compoun 
becomes a keto acid 


COOH 


COOH 


CH, 

CII, 

1 

ch 2 

CH, 

l 

[ Transaminase 

| 

1 

CH, 

+ CO 1 

CII, 

+ CIIMI, 

1 

illNH, 

j 

COOH 

1 

CO 

COOH 

I 

COOH 


COOH 


Glutamic 

Pyruvic 

a Keto- 

Alanine 

acid 

acid 

glutaric 



The keto acids found in these reversible reactions are concerned m 
oxidation reduction systems (carbohydrate metabolism) and thus m 3 ' 
furnish amino acids or carbohydrate intermediates as required, i e 
transamination is one link between protein and carbohydrate mt er 
mcdiary metabolism 

Transmethylation When methyl groups are linked to the nitrogen 
or sulfur of certain organic compounds they are capable of being shif 
intact among these substances (du \ igneaud) 

3 CHjSCH 2 CH 2 CHCOOH -f NH 2 CH 2 CH 2 OH 

in. 

Methionine Ethanolamine 

CH, 

- 3 HSCH 2 CII 2 CHCOOH + 

M U CK^ 

Homocysteine Choline 

The,e so-called labile methyl groups* 8 may then react with other labj 
methyl group substances (guamdoacctic acid, nicotinic acid, punnes 
etc ) to methylate these compounds 


CHr + Ml — CH 2 COOH 

C=MI 

! 


CH,N— CH 2 COOH 

I 

Mil 


Creatine 


See p 1020 


NH t 

Guanldoacetic add 
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However, the methyl groups now become fixed and are no longer able to 
transmethylate. Further aspects of transamination and transmethylation 
are given on p. 1034 and p. 1029. Reactions thought to be concerned are 
given here: 

CH.NHs -> CHO -» CHO -t- ? -> CII,— 

COOH COOH H 

Glycine GIjox>lic Formal- Methyl 

acid dehyde group 

CH 2 OH -► CH 2 OH 

I I 

CHNH, CHjNH. 

COOH 

Serine Ethanol- 

amine 

H 

CH, 

/ 

CH, 

\ 

ch 3 

Choline 

METABOLISM OF INDIVIDUAL AMINO ACIDS 
Glycine. This amino acid enters into a variety of metabolic functions. 
In addition to its presence in many of the body proteins (collagen, for 
example, is rich in glycine), it is concerned in the synthesis of such non- 
protein compounds as (I) the glycocholic acid of the liver, (2) the creatine 
of muscle and other tissues, (3) the glutathione of the cells, (4) the proto- 
porphyrin (heme) portion of hemoglobin, (5) the hippuric acid and 
similar compounds found in the unne after ingestion of benzoic acid and 
other unoxidizable substances, and (6) the methyl group of choline, 
methionine, etc. Other aspects of glycine metabolism undoubtedly re- 
main to be recognized. 

Glycine is readily synthesizable by both the rat and the adult human; 
it is thus “dispensable” from the diet of these species. It has been shown, 
however, that about 1 per cent of glycine is necessary in the diet of the 
chick to ensure adequate nutrition (AJmquist). This is one of several 
known examples of species specificity with regard to dietary amino acid 
requirements. The rate of synthesis of glycine in man has been estimated 
by Quick, on the basis of the rate of excretion of hippuric acid after ben- 
zoate administration, to be somewhat over 0.5 g. per hour. It has been 
shown by Rittenberg and Schocnheimer that synthesized glycine may be 
derived from sources within the body as well as from the diet. It has been 
demonstrated that the amino acid serine is a significant precursor of 
glycine, and there is some indication that glutamic acid may also give rise 
to gljcinc, possibly through the intermediary formation of serine. 

Knowledge concerning the metabolic degradation of glycine is ex- 


CH 2 OH +3CHr^CH 3 0 

iH,NH s I + 


HCHO + GH S NH, 

i 

COOH 
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tensive only a small portion will be reviewed litre In the diabetic dog 
the carbon thun of glycine tan be shown to be readily convert* > e 1 
glucose Vmmal tissues contain a flavoprotem enzyme which catalyzes 
oxidation of glycine to glyoxylic acid and immoma 


CHjMI* [0] CIIO 


COOII 

Cl j cine 


COOII 

Glyoxylic 

acid 


+ Mia 


This reaction may be of importance in connection with the posai ® 
mat ion of labile methyl groups by way of formaldehyde, as po=tu 
on p 1025 

Of major interest is the part played by gly tine along with arginine^ 
a labile methyl group in the biological synthesis of creatine ^ 
separate steps in the formation of creatine have been shown to 
follows 


MI, 


Ml* 

in, 

COOH 


MI, 


MIi 

C=MI 


CII, 


->\-CHi 


C=\II 

+ C=MI-»MI + 

J I L , 

(from CII* (from CH, 

arginine) | methionine | 

COOH (holme etc ) COOII 

Glycine Guanldoacetic Creatine 

acid 

Bloch and Schoenheimer” demonstrated by feeding experiments us^S 
both glycine and arginine containing isotopic nitrogen that the two m 
Ml, 

gen atoms in the amidine portion ( — C— MI) of creatine were deriv‘d 
from the amidine portion of arginine and the third nitrogen atom 4:3 
from glycine Borsooh and Dubnoff 70 showed that kidney tissue app^ 
to form guanldoacetic acid from arginine and gly cine and that liv er ,ss , 
probably synthesizes creatine from guanldoacetic acid in the presence 
methionine Guanldoacetic acid itself the intermediate in creatine sv 
thesis is found normally in only small amounts in animal tissues 
readily gives nse to extra creatine formation when fed Glycine apP 
also to be directly concerned in the synthesis of glutathione the 
peptide which is thought to be of importance in intracellular oxids 1 
and reduction It has been shown that when isotopic glycine is fed t° _ c 
animal the labeled glycine appears so rapidly m the glutathione of 
animal body as to indicate the direct participation of glycine i* 1 , 

synthesis of this compound Involvement of glycine in the synthesis 
hemin by the adult human is also indicated by the use of isotopic gtt« lD 
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After prolonged administration of labeled glycine to an individual, the 
heroin isolated from the red blood cells contains sufficient isotopic carbon 
to indicate a major role of glycine in the synthesis of the pyrrole ring of 
the hemoglobin molecule. In fact the formation of heme from glycine has 
been found by in vitro studies in -which glycine labeled with N 15 and C u 
was incubated with red blood cells of sickle-cell anemic patients or with 
the nucleated red cells of birds. Acetic acid also has been implicated in 
this synthesis (see p. 1009). 

Although it was formerly believed that the animal was unable to 
synthesize methyl groups and thus w as forced to obtain preformed methyl 
groups for creatine, etc. from methionine or choline, it has now been 
demonstrated that many compounds are capable of supplying this 
metabolic essential. Thus choline, betaine, and methionine are able to 
contribute labile methyl groups 71 to each other and to guanidoacetic 
acid by the process of transmethylation, while glycine, serine, methylol, 
formic acid, formaldehyde, and others are sources of methyl groups by 
conversion to an unknown one-carbon intermediate. 

Relatively little work has been done on the role of glycine in the syn- 
thesis of the glycocholic acid of the liver. The relationship of glycine to 
hippuric acid formation is discussed in detail in Chapter 20. The ability 
of certain tissues to synthesize hippuric acid in vitro has been used as a 
means of establishing possible precursors of glycine. 

Alanine. This 3-carbon amino acid is readily synthesized by the 
animal body and hence is dispensable from the diet. Metabolism and syn- 
thesis are usually considered to involve the reversible equilibrium of 
oxidative deamination (see p. 1018) and transamination (seep. 1034). The 
reaction of oxidative deamination is as follows: 


CH, 

I 

HCNHt 

COOK 

Alanine 


(ox.) 

(red.) 


CH. 

io 

I 

COOH 

Pjruvic 

acid 


+ NH, 


There is little evidence that this reaction actually occurs in the tissues; 
the L-amino acid oxidase of Blanchard, et al ., 7 * attacks alanine but 
slowly, and there is no biological evidence for the synthesis of alanine 
from pyruvic acid and free ammonia. A more plausible metabolic path- 
way is by the reactions of transamination described on p. 1034, whereby 
synthesis would entail the transfer of the amino group of either glutamic 
or aspartic acid to pyruvic acid, to yield alanine and cither ketoglutaric 
acid or oxalacctic acid, and metabolic breakdown would be the reverse 
of these reactions. The pyruvic acid thus formed from alanine by trans- 
amination may then follow the normal course of oxidation of carbohydrate 
intermediates (p. 990). Conversion to pyruvic acid presumably is the 
explanation for the glucogenic action of alanine. By the use of alanine 


11 fee© p. 1029. 

Blanchard, Green. Nocito, and Ratner: J. Btol. Chem , tfcl. 6S3 (1046). 
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labeled with isotopic hjdrogcn (deuterium), it ha3 b ' "on of certain 
alanine mi) be a source of acetjl groups m the ucLtjlat.oi or 
foreign amino acids excreted in the unne as acetyl dematnes t 

'°Serme This hydroxy ammo acid is readily synthcsizable hythcamr^ 
body and is thus dispensable from the diet It neverthe! less p P ^ 
m a somewhat unusual variety of metabolic reactions in the 
addition to its presence in proteins, it has been found m p P <j 

material where it apparently sen es in a manner analogous to cbo 

ethanolanune m the structure of phospliolipide molecules ( -ndicate 
11) In fact, studies using senne labeled with isotopic nitrog . nC 
that ethanolaminc arises by the decarboxylation of senne, c „ ro f 

can then give nse to choline by methylation Senne is also a pre 
glycine (seep 1025) in , n c cnn e 

Senne is also concerned in the formation of cy stinc (see p / 0 j 
is glucogenic in the diabetic dog The “unnatural” optica ^ 
senne, D-senne, is toxic to rats The nitrogen of senne has been s ^ 

isotopic expenments to be incorporated into the \t of unc acul w ^ 
0-carbon appeared at Cj and C» having been initially convc 

formate . « lloWiaS 

The anaerobic deamination of senne appears to take the to 
course 


CH,0H 
OH'S Hi 
COOH 


— HiO 


CH, 

i! 

CMIi 

ioOH 


CIf, 

I 

C=Mf 

I 

COOH 


+H,0 


CH, 

i=o 

COOH 


+ >H, 


Senne Amino lmino Pyruvic 

acrylic pyruvic acid 

acid acid 


Threonine This amino acid cannot be synthesized by the a 
body, and its presence m the diet in adequate amount is required 
for growth in the young rat and for the maintenance of nitrogen eq 
num in the adult human Threonine was the last 'essential ’ ammo 
to be discov ered in the sense that its isolation from casern and charac ^ 
zation by McCoy Mey er and Rose m 193a first permitted the use ^ 
mixture of pure amino acids as the sole source of nitrogen in an exp 
mental diet jj 

Relatively little is known concerning the metabolism of threonine ^ 
is glucogenic and antiketogenic It is not attacked by the n-amino 
oxidase of rat kidney but there may be another enzyme concerned si ^ 
it has been reported to be deammated by kidney tissue under anacro 
conditions to produce a ketobutync acid CH* CH*-CO COOH Only _ 
optically active form found naturally is utihzable for growth Threo 
and lysine are the only ammo acids known which do not transamin ^ 
Methionine This sulfur-containing amino acid cannot be synthes®^ 
by the animal body from the ordinary constituents of the diet and 
be present in adequate amount for the promotion of grow th in the y ° 
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animal and for the maintenance of nitrogen equilibrium in the adult 
human. Methionine alone will satisfy all of the sulfur requirements of the 
animal, since it is readily converted into cystine in the tissues, as described 
on p. 1031. 

Methionine is glucogenic in the diabetic dog. Metabolism may pro- 
ceed in part by deamination through the corresponding heto acid, 
CHj-S-CHa-CHa-CO-COOH, since this latter compound is formed to con- 
siderable extent on incubating methionine with liver tissue, and the 
young rat will grow on a diet containing the keto acid in place of methio- 
nine. Further stages in the oxidative breakdown of methionine are 
obscure. On complete oxidation, the sulfur is found in the urine as sulfate, 
either inorganic or ester, as with cystine (p. 1032). 

Tbans3XETHylation. An important metabolic function of methionine 
is in connection with the process known as transmethylation. It has 
been shown by du Yigneaud and associates that the animal body is 
able to use the methyl group of methionine to methylate certain nitrogen- 
and sulfur-containing compounds of the body. Methionine, choline, and 
betaine (trimethylglycine) have been shown to be suitable dietary sources 
of such methyl groups; of these, methionine appears to be quantitatively 
the most important. In the biological synthesis of creatine, for example 
(see p. 1026) the methyl group of creatine is derived by transfer from 
methionine. The process of methyl transfer from one compound to an- 
other is called transmethylation. A methyl group which may be so trans- 
ferred is called a labile methyl group; thus far, only methyl groups at- 
tached to either nitrogen or sulfur appear to be labile and to participate 
in transmethylation. Contrary to the former opinion, labile methyl 
groups need not be supplied in the diet but can be synthesized from 
glycine, serine, formic acid, and their precursors (see p. 1025). 

The role of methionine in transmethylation has been adequately proved 
by tbe use of methionine synthesized to contain isotopic hydrogen 
(deuterium) in the methyl group. ^Vhen such labeled methionine is in- 
cluded in the diet of an animal, the methylated compounds choline and 
creatine subsequently isolated from the animal tissues prove to contain 
1 sufficient isotope to justify the conclusion that methyl groups have been 
transferred from the methionine to the other compounds in question. The 
ability of methionine to furnish methyl groups for the synthesis of choline 
from suitable precursors explains the lipotropic effect of this amino acid 
' (sec p. 1012). The transfer of methyl groups from methionine to choline is 
? reversible, most probably through the intermediate formation of the 
amino acid homocjsteine (see below); methylation of guanidoacetic acid 
i to form creatine is irreversible, and the constant excretion of body creatine 
.1 as urinary creatinine represents a loss of methyl groups from the body, 
i? The daily requirement for methyl groups, how ever, appears to be con- 
• siderably in excess of such urinary loss, so that other pathways of methyl 
j group degradation must be present; relativ ely little is know n about tins at 
J the present time. Most of the evidence for transmethylation has been 
/ obtained with the rat, but the process has also been shown to occur in the 
./ adult human. 

if After removal of the methyl group from methionine, the amino acid 
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homocybtuin lcsultt. Ilomocjslunc, IIS CIL Cllj CII(SHi) 
and its disulfide form homocy stinc (analogous to the relation 
cysteine and cystine) arc synthetic amino acids which have no 3 
been isol ited from natural bourccs 1 heir biological availability i 
however, as to lead to the belief that they represent normal intermedia 
in methionine metabolism If an animal is placed on a diet containing 
methionine but adequate amounts of homocysteine or homocystine, 
gctlier with a source of labile methy 1 groups such as choline, be ain , 
senne, the animal will synthesize the methionine it needs for no 
growth If the methyl groups of the dietary choline arc labeled w 
deuterium, the methionine subsequently isolated from the tissue pro ^ 
proves to contain the isotope in its methyl group The animal ) 
therefore capable of transfernng methyl groups from choline via e 
to homocysteine, to form methionine, as has already been point ' 
tins transfer is reversible Since the reversible exchange of methyl g r0 P 
between methionine and choline can be demonstrated not only ° n 
homocysteine diet but also when the diet contains adequate a® 0 . 
of methionine and choline, it is believed to represent a normal meta ^ 
process of the tissues The implication of homocysteine in the formatio 
cystine from methionine is discussed on p 1031 The general m j ^y 
relation between methionine, homocysteine, and related compounds 
be represented as follows 



COOH 

■CHjN(CHa)» + Homocysteine 
Betaine 


Sarcoslne 

\ 

CreatlneX , 

CHjSK-t-CHjBCHjCH^HNHjCOOII- 

'* Methionine + Serine 


Nicotinamide 


/ / 


Cystathionine 

l 


Fumarate and Lactate 

In addition to its known metabolic functions methionine app 0313 ^ 
play a specific part in protecting the liver from damage by such poisons 
carbon tetrachloride phosphorus, arsenic, and chloroform The mode 
action here is umemm n . 

Cystine and Cysteine. These two sulfur-contaimng amino 
arc usually considered to be metabolically equivalent since one mny 
readily converted into the other by oxidation or reduction There is som 
evidence however that there may be biological differences betw* 

cysteine and cystine particularly in specific organs such as the liver 

kidney In the rare metabolic abnormality known as cysltnurta, jjV 
vnduals regularly excrete significant- amounts of cystine in the urine 
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excretion continues during fasting, and is not increased by the oral ad- 
ministiation of cystine itself; the feeding of cysteine or of methionine does, 
how ever, augment cystine excretion. Thus the cystinuric distinguishes 
between orally administered cystine and cysteine, and the normal indi- 
vidual may do so in specific tissues as w ell. 

It was thought for a long time that cystine was an indispensable amino 
acid, but Jackson and Block showed in 1932 that methionine could re- 
place cystine for growth purposes in the rat on a low-cystine diet, and the 
ability of the animal body to form cystine from methionine is now w ell 
established. In 1939 Tarver and Schmidt demonstrated, by the use of 
methionine containing radioactive sulfur, that the sulfur of cystine was 
derived from the sulfur of methionine 

The mechanism of formation of cystine from methionine has been the 
subject of considerable study, and appears to have been finally established 
by the work of du Vigneaud and his associates as follows: methionine is 
demethylated to form the amino acid homocysteine; this condenses with 
serine to form an unsymmetrical thio-ether, called cystathionine; the 
cystathionine undergoes enzymatic cleavage so that the sulfur remains 
with the serine moiety, to produce cysteine The fate of the remaining 
portion of the cystathionine molecule is as yet not known. These various 


steps may be illustrated as follows: 
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Evidence for the conversion of methionine to homocysteine has already 
been presented (p. 1029). When homocysteine and serine aie incubated 
with liver tissue, cysteine is formed. It has also been shown by Stetten 
that when serine labeled with isotopic nitrogen is fed to animals, the 
cystine isolated from the tissues contains such a high proportion of the 
isotope as to indicate (but not prove) the direct conversion of serine to 
cysteine. Cystathionine, the postulated intermediate, has been found in 
the livers of fasting rats which were fed both n-methionlnc and E-serine. 77 
If either amino acid were fed alone, no cystathionine tvas observed. If 
methionine is synthesized to contain both isotopic sulfur and isotopic 
carbon, and this doubly labeled compound is fed to rats, the cystine iso- 
lated from the hair pro\ cs to contain as much as SO per cent of the iso- 
topic sulfur, but no isotopic carbon. 71 This is further evidence that it is 


71 Ifcss: -IrcA. BioeAcm Biophy * . 40. 127 (1932K 

iln \ igncaud. Kilmtsr, Huchcle, and Cohn. J Biot. Chcm., 155, G45 (1914). 
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homocysteine results Homocysteine - 

and its disulfide form homocystmc (analogous to the relation 
cysteine and cystine) are synthetic ammo acids lUnch have not a y 
been isolated from natural sources Their biological a\ai!abihty is su , 
how ever as to lead to the belief that they represent normal intcrmeaiavw 
m methionine metabolism If an animal is placed on a diet containing 
methionine but adequate amounts of homocysteine or homocystine, 
gether with a source of labile methyl groups such as choline, be ain ^, 
serine, the animal will synthesize the methionine it needs for no 
growth If the methyl groups of the dietary choline are labeled v 
deutenum, the methionine subsequently isolated from the tissue pro ^ 
proves to contain the isotope 111 its methyl group The animal > 
therefore capable of transferring methyl groups from choline via e a 
to homocysteine, to form methionine, as has already been pointed 0 
this transfer is reversible Since the reversible exchange of methyl B r0 P 
between methionine and choline can be demonstrated not only 
homocysteine diet but also when the diet contains adequate amoun 
of methionine and choline, it is believed to represent a normal meta ^ 
process of the tissues The implication of homocysteine in the formation _ 
cystine from methionine is discussed on p 1031 The general meta 0 
relation between methionine, homocysteine, and related compounds ® } 
be represented as follows 
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In addition to its known metabolic functions, methionine app 631 ^ ^ 
play a specific part in protecting the liver from damage by such poisons 
carbon tetrachloride phosphorus, arsenic, and chloroform The mode 
action here is unknow n 

Cystine and Cysteine. These two sulfur-containing amino aci 
arc usually considered to be metabolieally equivalent since one may D 
readily converted into the other by oxidation or reduction There » 
e\ idence however that there may be biological differences betwe 
cystune and cystine particularly in specific organs such as the h' ef n( h 
kidney In the rare metabolic abnormality known as cysitnurta, * 

\ iduals regularly excrete significant amounts of cystine in the unne 
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e\cretiou continues during fasting, and is not increased by the oral ad- 
ministration of cystine itself the feeding of cysteine or of methionine does, 
however, augment cystine excretion Thus the cystinunc distinguishes 
between orally administered cystiue and cysteme, and the normal mdi 
\ idual may do so in specific tissues as w ell 

It was thought for a long time that cystine was an indispensable ammo 
acid, but Jackson and Block showed in 1932 that methionine could re- 
place cystme for growth purposes m the rat on a low -cystine diet, and the 
ability of the animal body to form cystme from methionine is now well 
established In 1939 Tarver and Schmidt demonstrated, by the use of 
methionine containing radioactive sulfur, that the sulfur of cystme was 
derived from the sulfur of methionine 

The mechanism of formation of cystme from methionine has been the 
subject of considerable study, and appears to have been finally established 
by the work of du Vigneaud and his associates as follows methionine is 
demethylated to form the ammo acid homocysteme, this condenses with 
serme to form an unsymmetncal thio-ether, called cystathionine, the 
cystathionine undergoes enzymatic cleavage so that the sulfur remains 
with the senne moiety, to produce cysteine The fate of the remaining 
portion of the cystathionine molecule is as yet not known These various 


steps may be illustrated as follows 





CH 5 

l 







S “ 

] 

SH 

HOCHj 

j 



w 

o- 

1 

hsch 2 

1 

CHj -► 
i 

j 

ch 2 + 
) 

hcnh 2 

1 

3H, 

! 

hcnh 2 

HCNHs 

ch 2 

1 

ch 2 

1 

1 

COOH 

i 

}H 2 

J 

coon 

COOH 

HCNH 

hcnh 2 

1 


HCNH- 



| 

COOH 

COOH 


( 

X)OH 




Methionine Homo- Serine Cystathionine Cysteine 

cysteine 


Evidence for the conversion of methionine to homocysteine has already 
been presented (p 1029) When homocysteine and serme are incubated 
with liver tissue, cysteme is formed It has also been shown by Stetten 
that when serme labeled with isotopic nitrogen is fed to animals, the 
cystme isolated from the tissues contains such a high proportion of the 
isotope as to indicate (but not prove) the direct conversion of senne to 
cysteme Cystathionine, the postulated intermediate, has been found in 
the livers of fasting rata Minch Mere fed both L-mctlnomnc and n-serme 3 
If cither ammo acid Mere fed alone, no cystathionine Mas observed If 
methionine is synthesized to contain both isotopic sulfur and isotopic 
carbon, and this doubly labeled compound is fed to rats the cystine iso- 
lated from the hair pro\ cs to contain ns much ns 80 per cent of the iso- 
topic sulfur, but no isotopic carbon 7 * lhis is further evidence thnt it is 


** Hess -ircA Bioeht n lhni>h;/s 40 ( 19 o 2 ) 

l * Uu Yigueaud Ivihncr iUiUick and Cohn J It\oL Chtm. 155,045(1914) 
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the sulfur and not the eirbon chain of methionine which is iniohed ® 
the formation of tj stine 

Cjatmc and cj stone contribute to the formation of maxij importac 
sulfur containing compounds in the mimal body C> stone is a componen 
of glutathione (y gluturml-cystcU glycine) and ippears to be the P^ 
cursor of the taurine of the tauroehohe icu! of the bile probably through 
intermediate oxidation to form tysleu acid 


bll 

SO *11 

SO,II 

C1I, -> 

ill, -> 

j 

CH, 

I 

HCAH, 

j 

HGMIj 

II CMIj 

COOII 

COOII 


C>steine 

Cjstcic 

Taurine 


acid 

Cysteine is likewise found in the uniie m comhin it ion with certain uo- 
oxiduable substances (detoxication) to form what are called mercapturt c 
acids (see Chapter 20) Cysteine is glucogenic in the animal body V°°~ l ‘ \ 
through the intermediate formation of senne On complete oxidation ® 
cysteine and cystine the sulfur is found in the unne either as iiiorgao® 
sulfate or to borne extent as organic esters of sulfuric and with such co®" 
pounds as mdoxyl, phenol, etc '1 his is also de.tusscd in Chapter 20 
Oxe-Cxruos Inteumedi ctes In the discussion of the mctabole-in oi 
glycine senne methiomne c> stinc and histidine mention is made o 
labde meth>l groups and one-carbon intermediates Whether thc=c are 
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the same compounds or not, it is known that they aie naetabolically 
related and for purposes of simplification hai e been formulated as 
I1CGOH m the diagram on p 1032 which illustrates some of the meta 
bohc pathways of these one-carbon intermediates 

Leucine and Isoleucine Relatively little is known concerning the 
metabohsm of these two ammo acids They are not synthesizable from 
dietary constituents and are required in the diet for the growth of 
young animals and the maintenance of nitrogen equilibrium m the adult 
Leucine and isoleucine are ketogenic rather than glucogenic annuo acids 
The conversion of leucine to acetoacetic acid possibly proceeds as follows 


CH a CHa -> CHj— C— CHa -h CO, Acetoacetate 

\ / II 

CH O 


- 4, 


H a 


IjHj 


condensation 


CHNH 2 + CHNHs 
COOH -> COa 


► Acetoacetate 


Valme. This ammo acid is required in the diet m adequate amount, 
as evidenced both by growth studies with young animals and by the 
maintenance of nitrogen equilibrium in the adult human V possible 
metabolic pathway m\ olves deamination to form a ketoisov alenc acid, 
since this compound w ill replace valme m an experimental diet 
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-► CO, + CHjCH.CHO -> CHjCHjCOOH 

CHjCOCOOH 

L 

Glucose 


Valme is coin ertlble, in part at least, to glucose in tlie di ibetic dog 
Proline and Hydroxyproline These two ammo acids can be synthe- 
sized by the animal body from dietary or tissue precursors, and prolmc 
is glucogenic in the di lbctic dog A probable precursor of proline is or 
m thine, since ornithine and prolmc are interconvertible in the organism 
proline metabolism miy proceed through onuthmc formation Glutamic 
acid his likewise been shown to arise from proline, further mctibolism 
via this p ithw ly would then be that of glutamic acid, and this may be the 
origin of the glutoguuc action of proline Hydroxyproline can be syn- 
thesized from dietarj proline, there is some evidence that this reietion is 
not reversible, and that the further metabohsm of hydroxyproline nu" 
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not be similar to that of proline These various relationships may be sum 
manzed as follows 


NH 1CH1CII tCHiClINHiCOOU 

^ p Glutamic 

Labile amino 


croups i e 
Glutamic acid 
Aspartic acid 


l filutarlc I 
\ acid / 


semialdehyde 
CHr-CH. 

o=iu ill— COOH 
Niff 

red ^ ^oztd 
HOOCClI.CIIiCIINII.COOII 
Glutamic acid 



Glutamic Acid. This dicarboxylic amino acid is present in fairly I a yS e 
amount in many animal and vegetable proteins It is readily synthesizab 
by the animal body, and is thus dispensable from the diet, it is proban e, 
however, that the ease of synthesis within the tissues is more properly < 
reflection of the important part played by glutamic acid in the genera 
processes of mtrogen metabolism within the cell rather than an indication 
of a “nonessential” function 

Evidence that glutamic acid may be an important intermediate in 
general mtrogen metabolism is afforded by the work of Schoenheimer au<* 
associates using vanous ammo acids labeled with isotopic mtrogen (N > 
When such labeled ammo acids are fed to an animal, the isotopic nitrogen 
is found not only in the fed amino acid incorporated into the tissue P r< *" 
terns of the animal, but also to a significant extent in vanous other amin 
acids as well, and of these, glutamic acid usually exhibits the highest con- 
centration of isotope It is probable that transamination (see below) » 
partly responsible for this, the presence of glutamic acid in glutathione 
may also be connected with the apparently rapid transfer of dietary 
amino mtrogen via glutamic acid 

Transamination An important metabolic aspect of glutamic acid 
its participation in the reactions of transamination In the transamination 
reaction the ammo group of glutamic acid is transferable to either pyruvjc 
or oxalaeetic acid to produce a-ketoglutanc acid and the amino aci*J- 
alanine or aspartic acid, as the case may be These reactions are reversible 
so that glutamic acid may be synthesized from a-ketoglutanc acid on 
either alanine or aspartic acid The diagram on p 1035 illustrates tn« 
transamination reactions 

Enzymes catalyzing the upper reaction (glutamic aspartic transami- 
nase) and the lower reaction (glutamic alanine transaminase) have beer 
isolated from animal tissues, and are believed to contain a pyndo«" 
(vitamin B,) derivative as prosthetic group A third postulated reaction; 
between aspartic atid and pyruvic acid to produce oxalaeetic acid a** 
alanine, is due, according to Green, to the presence of both of the tranj 
aminasea men tioncd It is noteworthy that no free ammonia is f° rru , 

during transamination, the reaction apparently involving condensation 
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amino acid and keto acid through the amino and keto groups to form an 
intermediate which is then split in such a way that the amino nitrogen is 
transferred from the original amino acid to the keto acid chain. 
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In addition to transamination, glutamic acid likewise undergoes re- 
versible oxidative deamination. 

Glutamic acid a-Ketoglutaric acid -f- NH, 

The reversal of this reaction is one of the few* known examples of the 
biological synthesis of an amino acid from the keto acid and ammonia, 
and may represent one of the pathways for the demonstrated (although 
limited) conversion of dietary ammonia nitrogen into amino acid nitrogen. 

As would be expected from the equilibrium between glutamic acid and 
its keto acid, a-ketoglutaric acid, which is au intermediate in carbo- 
hydrate metabolism (p. 990), glutamic acid is glucogenic in the diabetic 
dog. Certain other amino acids such as prolme, ornithine, and histidine 
are known to give rise to glutamic acid in metabolism, and this may also 
explain their glucogenic action. The other keto acids involved in trans- 
amination (oxalacetic acid and pyruvic acid) are likewise carbohydrate 
breakdown products, and this fact may represent an important link be- 
tween amino acid metabolism and carbohydrate metabolism. 

Glutamic acid is combined as one of the three portions of the molecule 
of the vitamin pteroylglutamic (folic) acid, the other tw o being p-amino- 
benzoic acid and pteroic acid; the various conjugated forms of this 
vitamin are due to the multiplicity of glutamic acid units present in 
peptide linkage — eg., the conjugate in liver contains seven such units 
while that obtained from fermentation contains three. (See Chapter 35.) 

Glutamic acid appears to be present in proteins largely in the form of its 
amide, glutamine, IIOOC CH(XH s ) CH. CH 2 COXH,. Free glutamine 
has been found in small amount in the blood, and according to Van Slyke 
and associates, glutamine or a glutaminelike compound is of importance 
as a precursor of urinary ammonia. Glutamine has also been implicated 
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in the proce sea of urea formation by the liver but its role here, if anj, 
13 obscure I he reported presence m cancer tissue of the “unnatural 
optical isomer of glutamic acid, n-glutamic acid has not been confirmed 
but D-glutamic acid is found in the capsule of the anthrax bacillus an 
in other products of bactcml origin 

Glut imic acid is (lccurboxy latcd in the a position to give 7 amino- 
butync acid Glutamic dccarboxv lascs are widespread in plants an 
bacteria, but have been found only in the higher portions of the centr 
nervous system of animals I he importance of glutamic acid, glutamine 
and 7 ammobutync acid in the metabolism of the brain is not yet clear 
but the present evidence indicates that these compounds must play a 
basic part in the physiology of nervous tissue 


Mis 

i 

GOOII 
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GII S 

iiiMi, 
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CHs 
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GIG 

CIIj 
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CHs 

j 

COOH 

CO MI 2 
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Aspartic Acid The metabolic aspects of this amino acid are less well 
understood than those of glutamic acid but it appears to be similar to the 
latter m certain respects It is readily synthesizable within the body »&“ 
shares with glutamic acid in the transfer of dietary ammo nitrogen as 
described on p 1034 but to a lesser extent Synthesis probably proceeds 
via the transamination reaction involving the keto acid oxalacctic acid 
and glutamic acid as described previously Metabolic breakdown by the 
reversal of this reaction to form oxalacctic acid which is a carbohydrate 
intermediate serves to explain the glucogenic power of aspartic acid as 
well as to indicate the pathway of further degradation The amide o 
aspartic acid asparagine HOOC CII(\H*) CII 2 CONH 2 , is found m 
tissue proteins but its significance is obscure 

Histidine Histidine is required m the diet of the young growing 
animal but is apparently dispensable from the diet of the adult human as 
established by the maintenance of nitrogen equilibrium in man on die s 
free of histidine Here as with arginine it may be that rate of »> nthestf 
is the limiting factor with the possibility that bacterial action in the m 
testmal tract may also be concerned Histidine is apparently metabolized 
via the pathw ay shown at top of p 1037 7S 
In addition to its presence in tissue proteins histidine is found m tb® 
animal body in the muscle constituents carnosine (0-alanyl histidine) an 
anserine (0-alany 1 methyl histidine) and it is probably a precursor of the 
ml blood cell constituent ergothioneme which ls a betaine of thiolhisu 
dine Histidine is regularly found in the unne during pregnancy (and 


Udlbacl cr and Kraus Z phytiol Chem ill 22S (1930) 
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in some other conditions) ; the significance of this is unknown. Histidine 
is glucogenic, possibly because it gives rise to glutamic acid during 
metabolism. 

Decarboxylation of histidine produces histamine: 

HC^=CCH 2 CH 2 NH 2 

Hll Jt 

\ / 

CH 

Histamine 

Histamine is an organic base with a very powerful pharmacological action 
on certain body structures In addition to its w ell-known effect on blood 
pressure (capillary dilatation), it is a potent stimulant of gastric secre- 
tion (sec p. 360), and has been implicated in the complex symptomatology 
of anaphylactic shock and in eclampsia. Drugs which have an action 
specifically antagonistic to that of histamine are known as antihistamines; 
many if not all of these compounds are structural analogs of histamine 
and presumably owe their effect to an autimetabolite action (see Chap- 
ter 36). 

Lysine. This amino acid is required in the diet of the young growing 
animal and for the maintenance of nitrogen equilibrium in the adult 
human. It is not glucogenic in the diabetic dog. It is unique among all the 
amino acids thus far im estigated in that it does not appear to be capable 
of obtaining its nitrogen from other dietary sources, as can bo done by 
certain other amino acids (see discussion on p. 1022). Lysine, howe\ er, can 
contribute its nitrogen to other amino acids after metabolic breakdown. 
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Arginine. The question of whether or not tins ammo acid can 
synthesized by the animal bod} has been the subju t of considerable 
bate m tlic past It now appears to be settled large 1> through the work 
Rose, using diets containing mixtures of pure amino acids that fl r 8 ,Q r 
can be s> ntliesized by the tissues of the \oung growing rat for c\amp 
but not at a rate fast enough to suppl} the needs of the animal for opti® 1 " 
growth It is thus indispensable m this seme in the diet of the Nouns 
growing rat The adult rat (and the adult human) upparentlj can supP 
arginine by synthesis from other sources at a rate adequate for nutrition*** 
needs On the other hand the requirements of the « hick for arginine ® 
such that this amino acid must be considered indispensable in the u iet '7 
an example of species differences with respect to amino acid requiremcn 
Various studies using ammo acids labeled with isotopic nitrogen an 
hydrogen has c indicated that argimne is synthesized m the body b> 1 
Mis 

addition of an amidinc group (— C=MI) to ornithine HOOC 
CH* CH Z CHs MI* The origin of the amidme group is not known (a P°^ 
sible mechanism is by the ornithine cjcle discussed below), but on£ 
thine is readily synthesizable biologically— for example from P roll “‘v K 
1033) Evidence that the synthesis of arginine is rev ersible is not availa ’ 
but it is known that the amidine portion may be transferred to 
to form guamdoacetic acid in the synthesis of creatine (p 1026) Argun? 
also may be degraded to form ornithine and urea m the presence of t“ 
enzyme arginase as described below There is evidence that arginine 
give nse via omithme to proline h> droxy proline and glutamic acid, , 
these may represent further stages in metabolism Both arguuoe » 
ornithine are glucogenic, possibly because of their conv ertibilit} to 
ammo acids just mentioned There is some evidence that the a 
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nitrogen of arginine does not undergo oxidative deamination to form the 
corresponding heto acid, or if so, that this process is irreversible. 

Interest in the metabolic function of arginine has been directed pri- 
marily toward its possible relation to the synthesis of creatine and the 
formation of urea. The role of arginine in creatine formation is described 
in detail on p. 1026. Interestingly enough, an arginine analog of phos- 
phocreatine (namely, phosphoarginme) appears to serve in place of phos- 
phocreatine in the muscles of certain lower animal species. 

The possible role of arginine in urea formation by mammalian liver has 
been evident for a long time because of the presence of the enzyme 
arginase in liver; arginase catalyzes the hydrolytic splitting of arginine 
into ornithine and urea. According to ICrebs and Henseleit, arginine 
enters into a cyclic mechanism, along with the amino acids ornithine and 
citrulline, for the conversion of ammonia into urea in the liver. On the 
basis of later developments, the process is now pictured as follows: 
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According to this view, ammonia and carbon dioxide are added to the 
amino acid ornithine to produce the ammo acid citrulline. On the further 
addition of ammonia to citrulline, arginine is formed which then under- 
goes action by the enzyme arginase to produce urea and to regenerate 
ornithine, which can then proceed through the cycle again. The original 
evidence for this theory was based largely on the demonstration that both 
ornithine and citrulline catalyzed the synthesis of urea from free ammonia 
by liver slices. Additional evidence tending to support the theory has come 
from several sources. If the liver slices are incubated in the presence of 
bicarbonate containing isotopic carbon, the carbon isotope is found in the 
urea synthesized. Schocnheimer's work on the distribution of isotopic 
dietary nitrogen between the umidine moiety and the ornithine moiety 
of arginine isolated from tissue proteins, and the isotope content of 
the urinary urea, led him to conclude that the results supported the 
ornithine cj’clc theory. According to Gornall and Hunter, the accumula- 
tion of citrulline in h\er tissue during urea formation under special 
conditions may be demonstrated, and citrulline may also be found in small 
amount in the blood. Beadle and Tatum also have presented evidence 
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that the ornithine-cycle mechanism functions in the red bread m 
Neurospora. 

Tryptophan. This amino acid is required in the diet for growth 
the young animal and the maintenance of nitrogen equilibrium in 
adult human It has several metabolic pathways which appear to v; 
somewhat in different species of animals. One of the most interest 
findings in recent years is that tiyptophan is converted in the body to 
vitamin, nicotinic acid (niacin). Other end products appear to be alani 
aiithranilic acid, kynurenic acid, etc. (cf. diagram). The quantitat 
aspects of these known metabolic pathways have not as yet been eh 
dated, but it appears that the conversion to nicotinic acid plays a mi 
role, for it requires from 50 to 300 g. of tryptophan to make 1 g. of 
vitamin. 

Kynurenic add Xanthurenic acid 
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urine after the ingestion of large doses of tryptophan (Jackson). There 
is some basis for the belief that kynurenic acid is an end product and not 
an intermediate in tryptophan metabolism. ICjmureniue is claimed to 
be a hormone for Drosophila. Tryptophan is converted into 4,8-di- 
hydroxyquinoline-2-carbo\ylic acid (xanthurenic acid) by the rat on a 
diet deficient in vitamin B 6 . The red bread mold Neurospora can synthe- 
size tryptophan from indole and serine. The reverse of this reaction, i.e., 
the production of indole by bacterial action on tryptophan in the in- 
testinal tract, is believed to be the origin of the indole, skat ole (methyl 
indole) and indican of the feces and urine. Tryptophan deficiency pro- 
duces a type of cataract in the rat, and certain evidence indicates a rela- 
tion between anemia, tryptophan, and vitamin B 6 (pyridoxine). 

Tryptophan catabolism may also proceed by oxidative deamination to 
the corresponding keto acid, indolepyruvic acid, since this compound (and 
indolelactic acid) will replace tryptophan in experimental diets. Trypto- 
phan is apparently not ketogenic and will alleviate experimental ketonuria 
in the rat. 

Phenylalanine and Tyrosine. These two aromatic amino acids 
usually are considered together because of their close metabolic relation- 
ship. Of the two, phenylalanine cannot be synthesized by the animal 
body (except from its corresponding keto-or hydroxy-acid, which are not 
ordinary constituents of the diet) and therefore must be present in the 
diet in adequate amounts. The needs of the animal for tyrosine, how ever, 
can be readily supplied by dietary phenylalanine, as established by 
growth studies with young rats and by the maintenance of nitrogen 
equilibrium in the adult human. Phenylalanine, therefore, is convertible 
into tyrosine by the organism; this conversion lias been directly demon- 
strated by the feeding of phenylalanine labeled with isotopic hydrogen 
(deuterium) to rats, follow ed by the subsequent isolation of tyrosine from 
the animal's tissue proteins; such isolated tyrosine contained sufficient 
deuterium to establish its origin from the fed phenylalanine. All avail- 
able experimental evidence indicates, however, that the conversion of 
phenylalanine into tyrosine is irreversible; tyrosine cannot be converted 
into phenylalanine in the animal body. 

Knowledge concerning the intermediary metabolism of both phenyl- 
alanine and tyrosine is still far from complete. In addition to their roles 
as essential components of the body proteins, these tw o amino acids, and 
particularly tyrosine, appear to be concerned with the formation of a 
variety of physiologically important substances such as thyroxine, adren- 
aline, the pigment melanin, and others. Certain of the known or postu- 
lated metabolic interrelationships of tyrosine and phenylalanine are sum- 
marized in the diagram on p. 1042. 

Both phenylalanine and tyrosine are ketogenic amino acids, i.e., they 
can be shown to gi\e rise to acetoacetic acid under the proper conditions, 
and neither amino acid is glucogenic. It is postulated, therefore, that after 
the loss of nitrogen which is excreted as urea, both phenylalanine and 
tyrosine ate normally oxidized to carbon dioxide and water through the 
intermediate formation of acetoacetic acid. Whether these two amino 
acids follow a common metabolic pathway (i.e., phenylalanine tyrosine 
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I oiling reported that a certain proportion of individuals with niW 1 
disease rcfularly excrete phenylpyruvic and in the unne This conditio” 
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has been called oligophrenia phenylpyruvica . If phenylalanine is adminis- 
tered to individuals suffering from this metabolic abnoimality, the 
excretion of phenylpyruvic acid is increased , 77 Thus there is good evi- 
dence that phenylpyruvic and phenyllactic acids are produced from phenyl- 
alanine; there is equally good evidence that the reactions leading to their 
production are reversible; for instance, both phenylpyruvic acid and 
phenyllactic acid can replace phenylalanine in the diet of the growing rat. 

The metabolic fate of tyrosine is somewhat better understood than that 
of phenylalanine; the irreversible blockage between tyrosine and phenyl- 
alanine permits a more precise estimation of the significance of possible 
intermediates obtained under experimental and abnormal conditions. As 
with phenylalanine, possible metabolites of tyrosine include the corre- 
sponding keto- and hydroxy-acids, p-hydroxyphenylpyruvic and p-hy- 
droxyphenyllactic acids, respectively. Both of these compounds have been 
isolated from human and animal urine under certain conditions. Medes 
has described a condition called tyrosinosis (only one such case has thus 
far been found) in which an adult human excreted significant amounts of 
p-hydro\y phenylpyruvic acid iu the urine. The output of this compound 
was augmented with increased intake of protein or of pure tyrosine or 
phenylalanine; feeding the compound itself resulted in the unchanged 
excretion of most of it Levine and associates discovered that the infant 
human may exhibit a spontaneous defect in tyrosine metabolism char- 
acterized by the excretion of significant amounts of p-hydroxyplienyl- 
pyruvic and p-hydroxyphenyllactic acids, in the presence of a low 
vitamin-C intake and an exccssi\e intake of tyrosine or phenylalanine, 
cither in the form of protein or as the pure amino acids Vitamin-C ad- 
ministration abolished the defect except in the presence of excessive 
amounts of phenylalanine or tyrosine. Sealock and associates have shown 
that the scorbutic guinea pig excretes tyrosine metabolites (p-hydroxy- 
phenylpyruvic acid, homogcntisic acid) after administration of tyrosine 
or phenylalanine; vitamin-C administration prevented the excretion of 
these compounds. It has also been shown that scorbutic guinea-pig liver 
is unable to oxidize tyrosine in vitro except in the presence of vitamin C. 

It would appear from these and other findings that the keto acid of 
tyrosine is a normal intermediate in tyrosine metabolism, and that vita- 
min C is concerned in the further utilization of the keto acid. The possi- 
bility remains open, however, that oxidative deamination of tyrosine is 
only one metabolic pathway and that the metabolism may follow some as 
yet unknown sequence of reactions. 

further knowledge concerning tyrosine metabolism has been afforded 
by the study of the metabolic abnormality known as alkaptonuria. In 
this relatively rate condition, individuals excrete the compound homo- 


n This disca.'-o is characterized by the fact that the individual has lost the ability to con- 
vert phenylalanine into tynmne. Va a consequence phenylalanine joust bo oxidized via 
the pathway phuivlalanmo — ► phenylpyruvic acid— > phenylaoctic acid Pheny laretic acid 
is a neurotoxic agent which is detoxified by combination with glutamine to yield pheny i- 
ac«ty Iglutamire A 3 pointed out oa p. 1030, glutamic acid and glutamine appear to lie of 
special significance in the metabolism of the higher centers of the central nervous system 
All pat 11 ms with olipopArcnw pAenpf Pl/ru rtca arc mentally defective. Is tlus duo to a chronic 
deficiency of glutamine? 
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gcntisic acid (for structure see diagram on p 10 12) in the unne * In the 
presence of alkali and o\> gen homogentisic acid forms a dark brown® 
black pigment and it is the darkening of the urine under these condition 
which usually leads to the discovery of alkaptonuria Homogentisic aci 
is believed to be a norm ll intermediate in tyrosine metabolism pro a J 
through the intermediary formation of 2 o-dihydroxyphcnylpy ruvac aci 
(see diagram p 1042) and the metabolic defect in alkaptonuria is thouga 
to be the lack of ability to carry the oxidation beyond the stage of homo- 
gentisic acid formation Feeding of tyrosine or phenylalanine to an 
alkaptonunc increases the output of homogentisic acid and fed homo- 
gcntisic acid is excreted unchanged The normal individual is able ^ 
oxidize homogentisic aeid completely Alkaptonuria may be produ 
experimentally m animals (and in man) by prolonged or cxcesoiv e feeding 
of either tyrosine or phenylalanine and in scurvy Vitamin C admiius 
tion will correct the alkaptonuria of the scorbutic guinea pig but has no 
apparent effect on human alkaptonuria 

Certain other aspects of tyrosine metabolism arc of physiological i® 
portanee Both the duodotyrosine and thyroxine of the thyroid gland are 
considered to anse from tyrosine Both of these substances have b ^ 
isolated from casein and other tyrosino-contaimng proteins treated 
vitro with alkaline iodide solution and the incubation of thyroid glan 
slices in the presence of radioactive iodide as a tracer results in the P r< ^ 
duction of duodotyrosine and thyroxine containing the radioactn 
material Epinephrine is likewise thought to originate from tyros®® 
It has been shown that animal tissue can decarboxylate tyrosine toy®i 
tyramine oxidation and methylation of this compound could produ^ 
epinephrine 78 Yn alternate possible pathway would involve the u» e J 
mediate formation of 3 4-dihydroxyphenylalamne followed by decar 
boxylation to yield hydroxy tyramine and oxidation and methylation to 
produce epmephnne 

According to Bloch and to Raper it would appear that the pigpen 
melanin is related to tyrosine metabolism Melanin is not a simple chemi- 
cal substance but rather a mixture of pigments of ill-defined composition- 
It is a normal skin pigment and appears to be low or lacking in the con 1 
tion known as albinism, It is produced m excessive amounts by md 
tumor cells and may even be excreted in the unne ( melanurta ) unde 
these conditions It is also produced in excessive amount m Addison s dis- 
ease (bronzed diabetes) Bloch showed some years ago that the sk® 
contains an enzyme (dopase) capable of converting the compound 3+- 
dihydroxyphenylalamne (dopa) into melamnlike material and that 
enzyme was absent from the skin of albinos According to Raper 
probable precursor of 3 4-dihydroxyphcnylalamne is tyrosine 
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and discard the unne Prepare a thoroughly clean bottle of proper size, introduce into it 
sufficient toluene to cov er the bottom of the bottle, and use this bottle for the collection 
of all urine voided during the follow mg 24 hours, including the urine obtained by 
emptying the bladder at the close of the 24-hour period, e g , at 8 A vi the next day 
During the day, when not actually in use for the introduction of a urine fraction, the 
bottle should be kept m a refrigerator or cold room m order that the sample may not 
deteriorate before it is examined Measure the volume of the sample and determine its 
specific gravity (see p 785) and reaction before proceeding to the quantitati\ e estima 
tion of any specific urinary constituents 

For metabolism work on dogs, a cage is used which is prov ided with a screen bottom. 
Below this is a tray which slopes toward a central hole through which the urine passes 
into a bottle containing toluene Each day’s output is collected and filtered to remove 
hair, etc , and may then be diluted to a definite -volume, usually 500 or 1000 ml This 
procedure facilitates subsequent calculation 

To obtain the complete 24-hour secretion of unne of dogs, catheterization must bo 
resorted to Because of the difficulty of cathetenzing male dogs, bitches (especially 
those who have had pups, and hence have stretched vaginas) arc used for tins type of 
experimentation Care must be taken to hav e the catheter sterile, in order to avoid 
infection or cystitis Rubber catheters are sterilized by boding in water, while metal or 
glass catheters may be washed and kept m alcohol The simplest procedure is to use a 
speculum (a nasal dilator is about the nght size) to stretch the vagina and then to 
insert the catheter directly into the urethra, avoiding contact with the v nginal wall 
The exact location of the urethral orifice can be determined with a little experience 
Force should never be used After the bladder has been emptied, it is washed out 
several times with warm water, the washings being collected with the urine and made 
up to volume as described above Finally, if it does not interfere with the experiment, 
it is desirable to introduce about 50 ml of warm saturated boric acid solution into 
the bladder from time to time 

The most satisfactory method for obtaining unne from a rabbit is to hold its head 
up between one'3 knees and to apply gentle pressure on the low er abdomen By this 
process of “milking,” practically all the unne may be obtained 

For the collection of urine in metabolism work on rats, a metabohsm cage (see 
Appendix) is employ cd 

2. Complete Analysts of Urine. Ingest an ordinary mixed diet (or any 
special diet) and collect the urine accurately for a 24-hour period (see above). 
Measure the volume of the sample, determine the specific gravity, and 
preserve the urine (see above) until the following constituents have been 
determined (for methods of anatysis, see Chapter 31). total solids, titrat- 
able acidity, hydrogen-ion concentration, total nitrogen, amino acid nitro- 
gen, ammonia, urea, uric acid, creatinine, total sulfur, ethereal sulfates, 
inorganic sulfates, neutral sulfur (by difference), total phosphates and 
sodium chloride. 

Calculate the nitrogen and sulfur partitions, 1 e , the percentages of the 
total nitrogen and sulfur which occur In the different forms, and tabulate the 
data from the complete analysis. Compare your results with those listed in 
the tables on pp. 1055 and 1057 
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siri^i to economize time and effort m the chemical examination, the daily fecal output 
or an aliquot portion of each stool maj be collected in a friction-top can or pail of 
suitable size and preserved bj thymol and refrigeration Thi3 method has been found 
hato-factorj when the feces arc to be examined for inorganic constituents or total 
nitrogen tor the determination of fat, carboh}drate, etc , the fresh stool should be 
employed because of the possibility of error due to hjdroljsis of fatto fatty acid,efc 
In the preservation of feces for the determination of total nitrogen, the follow- 
ing simple procedure tnav be Used - Introduce each stool into a weighed friction 
top can or pail and place the v csscl in a cold room or refrigerator prefcrablj near or 
Ixdow 0“ C At the end of the penod, mu the feces thorough!} and analyze weighed 
portions In case individual stools arc anal} zed, the stool should be collected in a 
ireijJicd flat-bottomed porcelain dish u Vfter mixing the feces eery thoroughly, the 
weight of dish, spatula, and feces is determined and the weight of the feces secured by 
difference “ A portion of the well mixed fcccs is then introduced into a large weighing 
bottle containing a gla»s boc Desired amounts of feces are then remov td for anal} sis 
and the exact weight of such amounts obtained b} difference. 

The daily output of feces in dogs is quite variable, so that in metabolism work it 13 
advbal le to collect feces in periods, rather than each day The stools are collected 
from the screen floor of the cage and placed in weighed pans They are dried by adding 
alcohol, stirring and evaporating on the water bath, and then weighed. A few drops of 
sulfuric acid should be added to prevent the los3 of ammonia. .Vfter drying the feces 
may !>e ground in a mill or mortar, to facilitate uniform sampling. 
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Experiment Ingest a uniform Jiet for four days, or longer for greater accu- 
racy Divide the interval into two equal periods and separate the feces by 
charcoal or carmine (see txp 4 above) During the second period ingest 10 g 
ofaftar aftar at each mcai Collect the feces for each period (sec Exp 4, above} 
and note the increase In the daily excretion under the Influence of the aftar 
ingestion What was the increase per gram of agar? 

II EXPERIMENTS ON NITROGEN METABOLISM 

1 Time Relations of Protein Metabolism It w a well known physiological fact 
that an interval elapses between the ingestion of protein food und the appearance in 
the unne of certain products representing the complete catabolism of this food The 
chief among these is urea The term nitrogen lag h is been used to designate the peno I 
elapsing between the ingestion of protein and the excretion in the urine of a quantity 
of nitrogen equivalent to that contained in the protun 

Experiment Ingest a simple uniform diet whose exact composition has 
been determined by analysis or whose approximate composition has been 
estimated (See Appendix for table showing composition of foods ) Continue 
this diet from I to 4 days Collect the urine in 2 hour periods from 7 A M to 
11 pm and in an 8 hour period between 11 PM and 7 a M Analyze each 
specimen for total nitrogen or urea At the end of this preliminary period add 
to the uniform diet, at one meal, a weighed quantity (150 250 g ) of lean meat 
specially prepared and analyzed Collect the urine In periods as before and 
determine total nitrogen or urea Calculate the total nitrogen or urea excre 
tion, tabulate the data and plot curves showing the course of the nitrogen 
excretion on the various days of the experiment How long was the nitrogen 
lag ’? 

A less accurate experiment than, the above but one which yields interesting data 
may bo earned out as follows 

Ingest a simple diet whose nitrogen content can he estimated with some 
degree of accuracy Collect the urine in 2 hour periods from 7 A M to II M 
and in an 8 hour period from II P M to 7 A M and analyze for to"tal nitrogen 
or urea The next day ingest the same diet plus 150-250 g of lean meat whose 
nitrogen content has been determined by analysis or estimated Collect the 
urine as upon the previous day and determine its total nitrogen or urea con 
tent Plot curves showing the course of the nitrogen or urea excretion on each 
of the days How soon after the ingestion of the large quantity of meat did 
you note an increase in the nitrogen or urea excretion? How many hours 
after the meal was the maximum quantity of nitrogen or urea excreted ? 

2 Digestibility and BioJogtcaJ Value of Protein The term protein utilisation 
or biological value is used to indicate the percentage of the ingested food nitrogen 
actually assimilated Absorbability or digestibility indicates the percentage of the m 
gested food nitrogen which is absorbed 

The digestibility of food protein may be approximated by the following 
procedure Ingest any diet of known nitrogen content for a period of three 
days (see Appendix Composition of Foods ) Longer periods are necessary 
for accurate work Collect all feces from the diet, making the separations as 
directed on p 1046 using carmine as the initial marker and charcoal as the 
final marker or vice versa Preserve the feces as directed on p 1045 Mix the 
total feces thoroughly and determine the nitrogen by the Kjeldahl method 
The approximate nitrogen utilization may be calculated as follows 

(Food N - Feces N) X 100 

= Approximate percentage N utilization 


Food N 



1018 


Practical Physiological Cheuistbt 


Chap 33 


Inasmuch aa the nitrogen content of the feces docs not originate entirely from tie 
food but represents in part residual metabolic products i e , intestinal epithelium, 
bacteria secretions etc , a correction is usuallj made for metabolic nitrogen in mora 
exact work (see p 10xu) The i al ue thus obtained is more properly designated as the 
percentage digcttilihiy or the coefficient of digettibihtj 

To determine the true percentage digestibility of food protein, proceed 
as follows Ingest a nonnttrogenous diet as described on p 1055 for 3 period of 
two da>s, using sufficient agar agar to insure a daily fecal output which shall 
approximate in weight that obtained when the regular protein diet was In 
gested “Separate and preserve the feces as directed on p 1046 Mix thoroughly 
and analjze for nitrogen according to the Kjeldahl method This gives the 
metabolic fecal nitrogen Follow this period with a test period during which 
the protein In question is included »n the diet Calculate the percentage 
digestibility of the protein of the diet as follows 

{ Footl N — (Fecal N — Metabolic N)1 X 100 _ ^ 4iet , tiblll0 
Food N 

The estimation of protein utilization in the bod} must take into account not onh 
absorph' u from the intestine, but also tl at fraction of tl c alisorbcd nitrogen which is 
retained 

Mitchell “ who lias used this procedure extensively in the biological evaluation of 
proteins felt that this could be done by determining the unnarj nitrogen excretion on 
a nonmtro„cnoua diet (endogenous nitrogen) and subtracting this from tl c unnarj 
nitrogen on the protein-containing diet to obtain the unnary nitrogen actually due to 
the metabolism of the protein It is not clear that this procedure is entirely valid 
based as it is upon lolin s classical distinction between endogenous and exogenous 
metabolism which now appears incorrect (see discussion on p 1021) Nevertheless the 
procedure under the conditions presenbed b> Mitchell is capable of giving reasonable 
and 1-onsisUnt results whatever maj be its th core t/ea) basis The nitrogen balance 
method has been employed bj Rose to determine the indispensable amuio acid require- 
mints of young men 

Various investigators*** have pointed out that to determine the minimum amount 
of dutary protein necessary to maintain nitrogen equilibrium data arc required for at 
hast two livcU of mtrogm intake near the region of balance in order that the value 
at exact equilibrium maj be obtained bj interpolation or extrapolation 

Procedure Ingest a nonnltrogenous diet as described above. Insuring 
sufficient energy to provide for the body ■ requirements so that oxidation of 
tissue for this purpose may be avoided Feces and urine are collected as d« 
scribed in the early part of this chapter By means of hjeldahl anal)*«* 
values are determined for metabolic nitrogen of feces and endogenous nl*r*> 
gen of the urine Follow this period with a test period during which the pro- 
tein under investigation is Included in the experimental diet The following 
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equation represents the percentage of the absorbed food nitrogen which is 
retained by the body 

[Food N — (Fecal N — Metabolic N) — (Urinary N — Endogenous N)]100 
Food N - (Fecal N - Metabolic N) 

=* Biological Value 

3 . Protein-sparing Action of Carbohydrate and Fat . The nonnitrogenous nu- 
trients, carbohj drate and fat, h*nc the power to dimim'-h the extent of the catabolism 
of protein m tbo normal human body In other words, they are said to “spare" protein 
Tins point is illustrated in data reported by Von Xoorden and Dieters, which are 
tabulated below 

Protein sparing Action of Cvrbohydrate 


iVt (rogen Ingested 

[ Nitrogen tn Urine Remarks 

12 6 g 

10 4 g 

12 Og 

9 0 g 13 per cent reduction ui 

+ 200 g sucrose 

protem catabolism 


It will he observed that the addition of 200 g of sucrose to the diet a as accom- 
panied by a decrease of 13 per cent in the amount of protein citabohzcd It has been 
established that carboh} drates are more efficient protein sparers than are the fats For 
example, Voit found carbohydrate to produce a 9 per cent decrease m protein catabo- 
lism whereas fats produced only a 7 per cent decrease 

Experiment. Ingest a uniform diet of known or estimated nitrogen content 
for a period of lour days Collect and preserve the urine accurately (see p. 
1014) in 24-hour samples and analyte the excretion of the third and fourth 
days tor total nitrogen On the fifth day add 200 £ of sucrose to the diet. 
Analyze this urine also for total nitrogen Calculate your results and tabulate 
the data as shown in the table above 

Did the sucrose influence the catabolism of protein In your body? 

4. Influence of a High Caloric Nonnitrogenous Diet When an individual lasts, 
a certain amount of protein tissue is consumed each day of the fast The destruction of 
such tissue is rather low on the first day because the glj cogen stores of the body are 
being utilized to furnish the necessary energy If an individual, instead of fasting, 
ingests a diet of high calorific value and very low m nitrogen the output of nitrogen m 
the urine of the third or fourth day will be less than on the third or fourth day in 
fasting This ia due to the fact that the body derives sufficient energy from the high 
calorie diet and there is less destruction of tissue protein than occura m fasting For a 
discussion of energy value of foods see “ Determination of Fuel Value of Food” below, 
and the table “Composition of Foods,” m the Appendix 

Experiment Ingest a high-calorie diet which is very low In nitrogen or ac- 
tually nonnitrogenous A satisfactory diet may include sugar, butter, starch, 
cream, agar-agar, and water (Tor energy values see below and table. Appen- 
dix ) Ingest such a diet for three days Collect the urine in 24-hour periods. 
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„ ese „ e , and analyze It for total nitroSen, acidity, and ammonia. Note the 
Lw nitrogen etcretion on the third day aa compared nith the mt '°*' n , 

out of the third day of fasting. If so desired, you may (at some later dat ) 
fast for three days and repeat the above analyses for comparison. 

Determination of Fuel Value of Food. When organic substances i ire 
burned in the human body, they liberate a certain amount of heat. This 


Fie. 2 GO Bauthaoot-Ath a tab Bomb Calorweteb. 



cnergy or heat value varies ar cording to the tjpc of organic matter undergoing oxida- 
tion. Thus the proteins, fata, and carboh) dratcs of the diet when they are burned l® 
the body > it Id different quanlit ics of heat per unit of substance than do organic *• 
alcohol, etc. The energy valuta of food protein, fat, and car!>ohydratc are aa folio**- 


Protein “41 large Calorics per g. 

Fat — D-3 Urge Calories per g. 

Carbohydrate — 4 1 large Calories per g. 
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T „ bUoh for the , neon, pie, e 

factors are mult.p tod by the ^ maj\e eatrarated h> applying 

thi^'fiipircs'to'tfie 'percentage composition as determined by eliemical anab^ For 
this'purpose, the Prercimate a,ialjaLs iiirtmlea nioidurc^ ^i, protcn^(^^GJ15),^t, 
crude fiber, and carbohydrate, the 1 , lt0 rnate eatraetions 

represents the insoluble indigcstlb A <;olllllosc clc , from cell nails Such ealeu 

"db t'" 1 and alhali, and consists chiefly w adobdity of the carbohydrates 

lations are predicated on the assumption I factor G 25 for con- 

as estimated by difference. »n t. = l apjd, ab hty " 25^0 ^ 

v ertmg total nitrogen to available protein, auu on m 

CAtraet consists principally of gly ccrales dlet lt ls possible to bum neighed 

In arming at the total energy value of any ^ten diet it H ^ # faomb 

samples of the a anoua foods m an osy g delc [ m ,ne horn much heat is 

ealonmetor, illustrated in Fig -b0 Dy tins correction must be mndo 

liberated nhen the ingested ood is OMihec d in , tto body mtiogon 

for the incompletely oxidized substances of , 1 , 00 ^ 1100 ^ m a 

compounds Thus nhlle P rotc, “ 1 ' cl ‘ „ Jlzcd urc a and other N compounds reduces 
calorimeter, correction for mcornplctelj - indigestible carbo- 

this t slue in the body to 4 1 lurthcr correction must be, ma ^ fi ^ r „ Th(m ls 

hydrates usually grouped h«*' » , attcr , t l,,ch resists hot acid and alkaline 

digcstion^w on accurate me^uro^of'the polysaccharides nluch in mo resist enzymatic 

digestion oTannritus for determining this calorific value 

A ampler and less expense e form of PP ^ m ^ hlch the -volume of oxygen 
of foods is the ox> calorimeter °* Bc . n * ^ determined A large mass of data 

required to burn a know n w eight of s . d tabulated, and it is therefore 

concerning the heat value of foods ^ of a kiet by calculation 

possible to arrive at an approximate idea of the energy 
(see table, Appendix) 

„ A U.«u Purine Diets The uric acid of the bod} 
S Influence of Punnc-frce ondHti ^ mctaboh , m G f the purine (nucleopro 
baa a twofold ongm, 1 c , it may aru.e organs m particular) or it ina> 

tern, nucleotide) material of bod} tissue (g un(J acld ^hicli arises from the first 
anse from lhe mgestion of purine m a cna ^ fronl the second source is termed 
source is called endogenous wlide that dlstmctlon> made many years ago b} Fobn, 
exogenous Modern concepts hold that increase the endogenous uric acid 

is still vahd Secretor} activity ma} a so ^ ^ ^ thoug h nQ precursor Q f the acid 
output The urine will therefore con outp at markedly by mgestmg a high 

is ingested We may also increase th n(j materia l * eaten, only a small part 

purine chet However, no matter how P ^ tbere must be some sigmficant meta 

of it reappears in the urine as unc aci excretion as unc acid In gout there is an 

bohe pathway for punne nitrogen other dlsea;:>e the excretion of unc acid ma} be 

accumulation of uric acid m the blood n during an attack The excretion of 

low before an attack and increase wmfdetaxay 
exogenous uric acid in gout is also much 

. troe diet containing about 16 g of nitrogen 
Experiment Ingest a purine h fru , t , sugar, and water for a period 

and consisting of egg, cheese, mil » ’ see tab i Ct p |053) Determine or 

of two da>s (for purine cont * n Aonendix) and during the next two days 

estimate the nitrogen content t.s for all the nitrogen of the diet, 

substitute sweetbreads, thymus, the same as before Return to the 

maintaining the calorific value o nterva i Q f two da>s During the final 

original purine-free diet for a tmra 
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period of two days feed a diet of sweetbreads or liver containing 50 per cent 
more nitrogen than that of the first sweetbread period Collect the urine for 


iNFLUENtl OF PUMNJb-KBJ-E AN1> Hit'll PUBINE DlETS 
Nitrogen Ingestion 10 G Daily (Taylor and Hose) 


Urinary Constituents 
Determined (g per day) 

Purine-free 

Diet 

Purine Diet 
(Medium) 

Purine Diet 
(increased) 

Purine- 
free Diet 
- 

Uric acid N 

0 09 

0 14 

0 124 

0 07 

Total nitrogen 

8 9 

8 7 

9 1 ! 

8 8 

Urea N (+NIl») 

7 3 

7 1 

7 1 1 


Creatinine 

I 57 

1 49 

1 51 



each of the eight days of the experiment and determine uric acid and total 
nitrogen or urea Note the rise m the uric acid output during the sweetbread 
periods The uric acid output on the punne'free diet is endogenous in origin 
Tabulate your results The data shown above were secured by Taylor and Rose 
in a similar but much more carefully controlled test than that just outlined 
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Fig 201 Influence of Protein Ingestion on Endogenous 
Uric Acid Output Gluten (130 o ) Ingested at 1 f m 

C urtesy Mendel and Stehle J Biol Chen 22 215 (1915) 

v° 

_,j i 

69 t0 K ft t 23156789 (HQUR5) 

Fia 202 Endogenous Uric Acid Output During Fasting 

Courtesy Mendel and SUHe J Biol Chem 22 215 (1915) 

6. A Study of Endogenous Urtc Acid Output The unt acid in the unne ong> 
talcs from the punne material of the tissues (endogenous) and from the purine material 
HResicd (erogenous) Marcs claims that foodstuffs act to increase the endogenous 
tnc acid output by stimulating the digestive glands to activity A similar finding » 
•eported by Mendel and Stehle The foodstuff having the most pronounced influence 
*as protein Pilocarpine, which stimulates the digestive glands was found to increase 
the endogenous unc acid output whereas atropine which inhibits secretory activity 
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« found to decrease the output of endofnous^unc awd The^uflueiic^of^ protein 

upon the endogenous one ac.d oxeret.on is show n bj the chart m l ig 
output by the same individual is shown, for comparison, m F,g 202 

PuniNb Conti-nt or Foods 
(VrrfcR litssON \ND Schmid) 


Purine 
A ttrojen 



per cent 

Meats 


Beef 

0 037 

Veil 

0 038 

Mutton 

0 026 

Pork 

0 011 

Liver 

0 093 

Tongue 

0 05o 

Sweetbreads 

0 330 

Brains 

0 028 

Fowl 


Chicken 

0 029 

Goose 

0 033 

Squab 

0 058 

Fish 


Cod 

0 038 

Salmon 

0 024 

Herring 

0 0G9 

Pike 

0 047 

Trout 

0 05G 

Sardines 

| 0 H8 

Anchovies 

0 145 


[Shellfish 
Oj sters 
Cribs 
I obsters 

Vegetables 
Spinach 
Lentils 
Beans 
Mushrooms 
Peas 
Potatoes 
String beans 
Carrots 
Lettuce 
Cabbage 
Asparagus 

Cauliflower 

Fruits 

Bread 

Eggs 

Cereals 

Butter 

Mdk 

Cheese (except cream and dairy) 
Cream cheese 
Dairy cheese 


Purine 

Nitrogen 


per cent 

0 029 
0 020 
0 022 


0 024 
0 054 
0 017 
0 018 
0 018 
0 002 
0 002 
0 

0 003 
0 002 
0 008 
0 008 
0 
0 
0 
0 
0 
0 
0 

0 00a 
0 022 


_ free diet consisting of milk, egg, fruit, cheese, 

Experiment Ingest a purin Continue the diet for breakfast and 

butter, sugar, and bread for ° - V, after 12 o’clock noon, until 12 o’clock 

luncheon the next day but eat thir j d ay G f the experiment At that time 
noon the following day, » e * other purine free protein preparation 

ingest 125-150 g of gluten ot»om ^ nothmg untll 9 r M 
On the fourth day of the exp periods from 7A\I to 9 P M and ana- 

Collect the unne each day 1 905 ff ) Chart your data similarly to 

lyze for uric acid (see method V them th the findings there 

those shown in Figs 261 and 262, ana cu v 

recorded 

_ „ .- 0 *tnn The purine material ingested bj the average 

7. The Rate of Punne ^ ,^ dy „ cllmmated m sbo.it 2-1 hours In 

normal person and not transformed 
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the case of persons afflicted with gout the purine elimination is delay cd The establish 
ment of this delay cd punne elimination is often of diagnostic assistance 

Demonstrate the rate of purine excretion as follows Ingest a purine free 
diet consisting of egg, milk, cheese, starch, sugar, fruit, and water for two 
days and follow this by a day in which sweetbreads, thymus, or liver is sub- 
stituted for one of the meals of the day (see table, p 1053 for purine content o 
foods) Finish the experiment by ingesting the original purine-free diet for 
two days Collect each day’s urine and analyze for uric acid How soon after 
the sweetbread ingestion was the original plane of endogenous uric acid 
elimination reestablished? If one desires to locate this time more definitely 
the urine may be collected in short periods (1 to 2 hours) and the uric acid 
content of each specimen determined Particularly instructive data may be 
collected by performing the above experiment on a gout patient and upon a 
normal person for comparison 

8. A Study of Creatinine Elimination It has been established that a normal per 
son ingesting a crcatimne-freo diet will excrete a uniform quantity of creatinine 
from day to day The daily excretion of an adult man of average weight ranges from 
1-1 o g For data as to creatinine excretion of a GO-kg man see Taylor and Rose s 
figures in the table on p 1052 The creatinine excretion depends primarily on the actn e 
mass of protoplasmic tissue, and therefore, it is generally true that fat men will show 
a lower creatinine output than lean men of like body weight The fact that, in a g>' en 
indiv ulual, the creatinine output is uniform from day to day is made use of in metabo- 
lism experiments, for checking the completeness of 24 hour collections of untie For 
further discussion of creatinine see p 7J7 

Experiment Ingest an ordinary mixed diet (nonmeat) for a period of three 
days, varying the character of the diet daily Collect the urine and anal>*« 
for creatinine (See p 899 for methods of analysis ) 

Did the creatinine elimination change with the change in diet? 

9 Formation of llippuric Acid in the Human Body Hippunc acid is present in 
human urine in small amount, about 0 7 g being excreted per day The unne of herbivo- 
rous animals contains much larger quantities This acid is formed in the liver in 
man, by the conjugation of benzoic acid and glycine this formation is used clinically 
as a test of liver function For procedure of the test see Chapter 31 

10 The Partition of Urinary Nitrogen and Sulfur as Influenced by Diet It 
was first shown by Fohn»* that the percentage of the total nitrogen and total sulfur 
of the unne vv hich appeared in the form of any particular nitrogenous constituent or 
in any particular fonn of sulfur was regulated directly by the extent of the total 
nitrogen and sulfur elimination This point is well illustrated in the table shown on 
p 10 j5 w hich contains data regarding the so-called partition or distribution of lb® 
urinary nitrogen an 1 sulfur 

It will Ijc observed from an examination of this table that a normal protein diet 
which gave 10 8 g of unnary nitrogen y leldcd 87 5 per cent of this nitrogen as urea 3 
per cent as ammonia 3 G per cent as creatinine and 1 1 jxr centos uric acid whereas » 
nonprotein diet (starch and cream containing about 1 g. of nitrogen) which gave only 
3 G g, f f urinary nitrogf n yielded only Cl 7 per cent of this nitrogen as urea but gav e a 
griatly increased percentage output in the case of each of the other nitrogenous coo 

stitin n ta mentioned eg 11 3 per cent as ammonia 17 2 per cent as creatinine, aud 

2 5 per cent as unc acid The percentage output of neutral sulfur was a ho greatly 
increase l 

t m J Ihg,uA f*.Ilg(lJOS) 

- \ 
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It will further be observed that the actual daily output of certain of the constituents 
is uninfluenced bj the -amount of protein ingested Among these are creatinine and 
neutral sulfur On the other hand, the output of morgamc sulfur and urea is more or 
less directlj proportional to the protein ingestion The observation of such facts as 
these led Folin to formulate lus theory of protein metabolism, which held sway for 
many years, but which has recently been considerably modified (^ec discussion on 

p 1021) 

The Aitrooen avd Si/efuu Partitions as Infiuenceu by Diet 1 * 



Normal Protein Diet 

Starch-cream Diet 

Constituent of the 
Vrtne 

Amount, 

grams 

| Nitrogen, 
grams 

Per cent 
of total 

V or S 

Amount , 
gra; is 

A ilrogen, 
grams 

Per cent 
of total 

N or S 

Urea 

31 b 1 

14 7 

87 5 

4 72 

2 2 

61 7 

Ammonia 

0 G 

0 49 

3 0 

0 51 

0 42 , 

11 3 

Creatinine 

1 55 

0 58 

3 6 

1 61 

0 GO ■ 

17 2 

Unc acid 

0 54 

0 18 

1 1 

0 27 

0 09 

2 5 

Undetermined A 


0 85 

4 9 


0 27 

7 5 

Total N 


lb 8 

100 0 


3 6 

100 0 

Inorganic S0» 

3 27 


90 0 

0 46 


60 5 

Ethereal SOi 

0 19 


5 2 

0 10 


13 2 

Neutral SO a 

0 18 


4 8 

0 20 


26 3 

Total SO 3 

3 64 


100 0 

0 76 


100 0 


Experiment During a period of two or three days Ingest an ordinary mixed 
diet containing 100 125 g of protein (16-20 g of nitrogen) per day Collect 
the urine accurately in 24-hour periods (p 1044), preserve it, and analyze 
the urine of the second and third days for total nitrogen, urea, creatinine, 
total sulfur, inorganic suifates, ethereal sulfates, and neutral sulfur (by 
difference) For methods of analysts see Chapter 31 Follow this period by a 
three-day period in which a diet of starch and cream having a similar calorific 
value is ingested Analyze the urine for the second and third days as indicated 
above Calculate your results and tabulate as shown in the table above 
How did the change in the diet alter the metabolism of nitrogen and sulfur? 

In calculating the calorific value of a diet make use of the following values 
protein or carbohy drate, 4 Calories per g , fat, 9 Calories per g 

11 ** Metabolic Product '* Nitrogen in Feces A certain quota of the fecal 
nitrogen is due to the presence of residues of digestive secretions epithelial cells, bac 
tena, etc The nitrogen m these forms has been called metabolic product nitrogen 

To determine this form of nitrogen one method 88 of procedure is as follows 
Ingest a nonnltrogenous diet for a period ol two days The diet may include 
desired quantities of starch , cream, sugar, butter, nater, and sodium chlo- 
ride About 15 g agar-agar should be added to the diet to prevent constipation 
and to Insure evacuation of approximately the normal quantity of feces 
(For the influence of agar agar, see Exp 5, p 1046 ) To separate the feces 
properly, ingest a capsule of carmine at the beginning of the test and one of 

88 For a discussion of other methods of estimating metabolic product nitrogen see Forbes 
Mangels and Morgan J Agr Research 9 405 (1917) and Schneider J Biol Chem 109 
249 (193o) 
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charcoal at the end (see p. 1046) Preserve the feces as .an V 

After miring the feces thoroughly, determine the nitrogen in vve.gh 
quantities by the hjeldahl method," according to directions given on p. 87 
Calculate the quantity of nitrogen eliminated per day. Inasmuch M * 
nitrogen was Ingested, the nitrogen present in the feces is of «M«b 
origin, I e , it is made up principally of nitrogen in the form of cells, digest 
secretions, and bacteria 


12 Influence oj Defect ne Mastication on Food Residues in Feces. Rapid ea 
ing accompanied by defective mastication leads to the appearance of rclativclj large 
macroscopic food residues in the feces Under some conditions, however, protet 
utilisation (sec p 1047) may be as satisfactory after bolting of food as when it is verj 
thoroughly masticated This problem may be studied by the follow mg method 

a. Ingest a diet containing meat and be certain to masticate the diet very 
thoroughly. Collect a stool, examine macroscopically, mix carefully 
examine microscopically (see pp 448 and 449). 

b. Ingest a diet similar to that employed in Exp a, above. Bolt the foo . 
i e , ingest it practically without mastication. Examine the feces as above 
Note the difference in the macroscopical and microscopical findings un er 
(a) and (6). 

If the nitrogen of food and feces is determined, we may calculate the pr 
teln utilization (see Exp 2, p 1047) By the additional determination of ur - 
nary nitrogen, we may prepare a nitrogen balance (see Exp 13) 

13. Preparation of a Metabolic Balance Tins test entails the anal} sib of the 
food ingested and of the unne and fcccs excreted, i c a study of the income and outgo 
Proceed as follows 

Select a diet which is simple, i e , consists of few constituents, and wh»c 
lends Itself readily to accurate chemical analysis A good type of diet * or 


Balancf or Calcicm, Magnesium Puosphorls Sulfur, and 
Nitrogen in Vcromegalt 



Calcium 

Oxide 

Magnesium 

Oxide 

Phosphoric 

Anhydride 

Sulfur 

j Nitrogen 

Grams 

Ingestion (daily) 

1 194 

0 48ft j 

3 192 | 

1 190 


18 84 

Ijccrttiun (iinnc) 

0 109 

i 0 ICO 

1 701 

1 006 



I-tcrxUon (feces) 

1 093 

0 22G 

I 1 002 

0 135 


1 io 

Excretion (total) 

I 252 

j 0 386 

j 2 70.3 

1 141 


18 70 

Retention (daily) 

, 0 242 

0 100 

0 489 

0 049 


0 14 

Retention (per cent) 

1 16 2 

20 0 

15 3 

4 1 


0 7 


ordinary metabolism experiments of this sort consists of crackers (graham 
or soda), milk, butter, water, and agar-agar (to prevent constipation). Meat, 
especially prepared in quantity sufficient for an entire experiment, may a'* 0 
be utilized Ingest uniform quantities of these dietary constituents each *> 


•’ In li • mi l,li >ti (Jwnu u-« 10 K o! p< (Avium eulfale inetead of tl e copper »uif»** 
T<w f«ln«u ilcr si tl « procedure u tl e un e as for urine 
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for a period of three days. Make an accurate collection of the urine passed 
during this interval (see p. 1014). Separate the feces representing the three-day 
period (see p. 1046), and analyze foods, urine, and feces. The balances ordi- 
narily prepared are those for nitrogen, sulfur, phosphorus, and calcium. 
Analytical methods for the determination of these elements maybe found in 

Chapter 31. 

The table on p. 1056 includes balances obtained in a metabolism test in a 
case of acromegaly. 

14, The Influence of Water on Metabolism . It has been demonstrated that in- 
creased water ingestion influences favorably m-iny of the functions and activities 
of the human body 8 * The increase in protein catabolism which accompanies high 
water intake is shown in the following data collected from an experiment upon a 
normal man In this experiment the water ingestion at meals was increased 3 liters 
per day during the w atcr period 


Infiuesce of High Water Intkke upon Urine Volume 
aad Nitrogen Partition 


2 v: 

8L*. 

Urine 
Volume , 
ml 

Nitrogen, 

9 

Urea 

Nitrogen, 

9 

Ammonia 

Nitrogen, 

9 

Creatinine 
Nitrogen, • 

s \ 

Creatine 

Nitrogen, 

9 

Preliminary Period 

4 

830 1 

12 987 1 

11 338 

0 288 

0 629 


5 

920 1 

12 084 ! 

11 476 

0 305 1 

0 619 | 


0 

8S0 

13 1S3 , 

11 508 

0 369 

0 651 j 


Water Period 

l 

3440 

14 1G1 

12 596 

0 4S6 

0 610 

0 063 

2 

3S40 

13 491 

11 583 

0 499 

0 616 

0 024 

3 

3070 

12 981 

11 212 

0 553 

0 5S9 

0 102 

4 

3610 

12 97b 

11 455 

0 485 ! 

0 608 

0 055 

5 

4020 

13 138 

11 879 

1 

0 456 j 

0 589 

0 128 


The above data indicate an increased catabolism of protein material as shown by an 
increased output of total nitrogen upon the first and second days of the water period 
Part of this increase may, how e\ er, have been due to a flushing of the tissues rather 
than to increased catabolism of protein structures 


" Hawk The relationship of water to certain life processes and more especially to 
nutrition M Read before American Philosophical Society Philadelphia Feb 1914 (See 
IhocherTK Bull , 3, 420 (1914) also Water as a Pietarj Constituent ’ in Endocnnologu 
and Metabolism New A ork and London D Appleton and Co 1924, Vol 3, p 277 ) The 
so-called wafer intoxication demonstrated bj Rowulrce (Arch l,u Med , 32 157 (1023)) 
and later by" Underhill and Sallick (J Biol Chtm , 63, 61 (1925)) cannot be advanced as an 
argument against the value of a high w atcr intake for the average individual The observers 
mentioned experimented on animals and introduced as much as 50 nil water per kg body 
weight every half hour until a definite toxic result was obtained A similar excessive inges- 
tion of am standard food would prohibit produce results fully as serious 
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a Relation op \\ ateb Intake to Volume and Specific Grav ity op tub Ueinb 
I ngest an ordinary mixed diet for two days Collect the urine in 24 hour 
periods During the first day ingest very little fluid of any kind either at 
meals or between meals On the second day ingest as much water as you 
can without physical inconvenience A person of average size should have no 
difficulty m drinking 5-6 liters per day 

Measure the volume of each day s urine and take the specific gravity Note 
the pronounced increase in volume and the low specific gravity of the urine 
under the influence of high water ingestion 

b Influence on Protein Catabolism That water stimulates protein ca- 
tabolism may easily be demonstrated as follows Ingest a uniform diet (milk, 
crackers, butter, peanut butter, and water) for a period of four days During 
the first two days ingest your customary volume of water per day During 
the last two days increase the water ingestion to 5-6 liters per day Collect 
urine in 24 hour periods and analyze for total nitrogen by Kjeldahl method 
(see p 874) Note the increased excretion of nitrogen under the influence of 
high water intake If time permits, other nitrogenous urinary constituents 
may be determined (see table above) 

c Influence of V ateb Deficienct The importance of water in nutrition 
may be shown very satisfactorily in guinea pigs Proceed as follows Place 
two young pigs (150 200 g ) in separate cages, and give each free access to a 
diet of hay, oats and lemon or orange juice which has been dried rapidly at a 
low temperature Permit one pig water ad lib , and give the second pig no 
water The pig receiving water will remain normal and will exhibit normal 
gam In body weight The pig receiving no water will soon show pronounced 
losses in body weight and other signs of abnormality The animal will die in a 
short time unless water is added to the diet This experiment demonstrates 
very clearly that water is an indispensable dietary constituent In fact, water 
is more important than food The following experiment w ill show this 
d Food Starvation vs. Water Starvation Place two young guinea pig® 
(150 200 g ) in separate cages Give one a diet such as that described above 
plus orange juice (5 ml ) but no water Give the second pig no food, but pet 
mit free access to water The pig receiving no water will quickly become ab 
normal and it will be necessary to give it water to preserve its life The second 
pig, which has access to water” but receives no food to eat, will live longer 
than the pig receiving an abundance of dry food This little experiment I® 
presses the important fact that man can live longer without food than with 
out water B> restricting the amount of water in the diet of an albino rat 
the animal may be kept at constant body weight for several weeks although 
the diet is otherw iae adequate In many respects the effect is similar to that of 
underfeeding Some increased tolerance to water restriction may develop 
during such a test 


IS The Metabolism of Fasting ** The metabolism of a fasting man is entire h 
different fn m the n etabolism of a well nourished person T> e collection and analvsi* 
of tf c imnc 1 mng a ri ort fast I three to sev en day s) w ill demonstrate many import* 0 * 
facta. T1 <* foil wing table wl ich contains data from fasting testa made in the senior 


“Inra«U«p 4 J^tsnotd ntlUmlw the am nal si ould be fed ti e flu d by a ix>ead 
,, * “ * ,a *t* a see Brae! ct A Study o] ProlonQtd Failing Carnegie 1 0*" 

nwL Pub. °03 1J1.> M Zulu Fail ngaruS ( rulernulrxtion Ne» y ark l~ I Dutton » n “ 
Co. 1 J-& wJ JhUq Inanition and Malnutrition PkiUdclotua. P BlaVi^ton a "-CO oJjd 
Co Inc. I'^o 
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author's laboratory , n lllustritcs some of the points in which fasting metabolism 
differs from normal mctihotisin 

Mitxboiism is Tasting 


Day of 
Period 

Body 
li eight, 

h 

Total \, 

Q 

ini mon tit 

v, a 

Crtalme 

\,9 

Acidify 
ml 0 l A 

\a0ll 

P-0„ 

9 

Chloride 
as XuCl, 

9 

Preliminary Tecdmg Period 

1-4 

Av 74 10 

10 430 

0 1 12 

None 

23S G 

2 708 

9 007 

I asting Period 

1 

73 32 

10 072 

0 2SS 

0 269 

32S 9 

2 616 

5 035 

2 

71 nS 

15 072 

0 G42 

0 073 

677 1 

2 509 

3 231 

3 

70 92 

14 403 

0 8G2 

0 0S9 

770 4 

2 851 

2 539 

4 

70 24 

13 0S0 

1 201 

0 0GS 

064 2 

2 490 

1 253 

5 

69 bl 

11 SOI 

1 2GG 

0 033 

525 0 

2 37G 

1 474 

6 

69 12 

11 214 

1 373 

0 022 

462 4 

1 1SG 

1 132 

7 

GS 70 

10 734 

1 371 

0 003 

438 9 

0 955 

1 137 


Abstinence from food for a fen- days can in no way operate to the disadvantage of a 
normal person In fact, individuals affected with certain types of gastrointestinal dis- 



Fxg 263 Showing Importance of Adequate Protein (Amino Acids) in 
the Diet 

Courtesy Mendel Aulrifion — The Chcrnutry cf Life New Ha\ en Yale University Press 1823 


orders ate benefited by fasting Tlie fasting treatment has also been used m cases of 
diabetes jnelhtus and in the treatment of obesity 

In order to determine experimentally how the fasting metabolism differs 
from normal metabolism, proceed as follows Ingest an ordinary mixed diet 
and collectyour urine (see p 1044) for a day. Measure the volume and analyze 
the sample for total nitrogen, ammonia, creatine, sodium chloride, total 

91 The chloride phosphate and acidity determinations were collected during one seven- 
day fast and the other data collected during a different fast on the same man 
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phosphates, and ac.dltj” (tor methods see Chapter 31) For the next few tl»)« 
{three to seven as desired) ingest nothing but water and collect th 
accurately and analyze for the constituents enumerated above Tabuia 
jour results and compare them with those given m the table above 



Fig 2G4 Curve Showing Influence of a De- 
ficiency of Ltsine in the Diet 
tcpuUobed d*U (coat the senior sutbu • liberator}' 


16 Influence of Protein ( Amino Acid) Deficiency Certain of the amino acids 
which occur in proteins cannot be synthesized m the animal body This subject & 
discussed on p 101a The importance of proper protein (amino acids) to the d et w 
illustrated in 1 5 . 2G3 The following experiment which may readilv be made usmg 
while rats as sul jeets will clearly demonstrate the importance of the ammo acid 


Demonstration of Lysine Deficiency Place two young white rats (40-6» 8 > 
in separate cages Feed one rat Diet 1 and the other Diet 2 as listed 10 the 
following table 


•* \ more accurate experiment may be carried out b> 
eompoMUon Owe p. lot > for a few day. befo e tbe fast 


ngest ag a uniform diet of know® 
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LXhlM Dhicil\u Dli.T 



Did 1 
per cent \ 

Did 2 
per cent 

Rolled oats** 

CO j 

GO 

Gelatin” 

0 i 

10 

Dextrin or starch 

30 

20 

Salt mixture 

4 

4 

Hjdrogcnatcd vegetable oil 

5 

5 

Codhvcroj] 1 

1 

1 


The rat receiving Diet 2 will grow normally because of the high lysine 
content of gelatin The animal receiving Diet 1 will fail to grow properly 
because of lysine deficiency Sec Fig. 264. 

III. MICROBIOLOGICAL DETERMINATION 
OF AMINO ACIDS 

The widespread use of microorganisms for the assay of the vitamins 
in the B-comple\ group soon revealed their requirements for the ammo 
acids Extensive investigations followed and successful quantitative 
assays for 14 araino acids, using bacteria, appeared shortly At least three 
amino acids may be determined with mutant strains of the mold Neuro - 
spora (see p 1066), and one, ivdysme, with a specific decarboxylase Of the 
ainmo acids recognized as physiological constituents, only uorvali «e, 
norleucme, and hydroxyprolme have not been found essential for any 
organism yet investigated The fundamental principle involved in micro- 
biological assays is to measure the response of bactena, yeasts, or molds 
to graded increments of the sample and of a standard solution added to 
media furnishing all the nutrients required by the microorganism except 
the ammo acid (or other nutrient) under assay The graded response may 
be measured by the increase in population of the microorganisms (i e , 
turbidimetncally) oi by their products of metabolism (acid or CO 2 
production) 

Microbiological methods are advantageous in that several amino acids 
may be determined in a single prepared hydrolyzate with the same 
microorganism with only slight modification of the basal medium Only 
the natural or informs are biologically active, except m the case of aspartic 
acid, whose n- and n-isomers are equally available to Laclo&acdfus del- 
brucfai However, the n-forms are more expensive than the synthetic 
Dn-OTixtures, so that the latter are used m the basal medium and in the 
standard senes when available When substituting one form for the other, 
or when the hydrochlondes are used, appropnate adjustments should be 
made 111 the amounts employed Microbiological methods are exceedingly 
simple compared to the chemical isolation procedures Moreover, they 
are not subject to isolation losses since determinations are made directly 
on the hydrolyzates 


" Oat protein 13 low in l> sine Gelatin 13 relate elj high in this amtm> acnl (see p 122) 
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Amino Acid Requirements of Various Lactic Acid Ractiria 


Ammo Acid t 


1 Laclo- Lacto- I aclo- Slrepto- Strepto- m no sloC 

I bacillut bacillus bacillus coccus coccus me sen- 

arabmosus case i delbruckn faecahs laclis lerou les 


Arginine * T _ - ± + 

Histidine I “ I * 1 “ + + + 

Isolcvicmc + I ± i 4- -f. + 

Leucine + + , . .. 4- 

Ijsroc * I * I 7 1 + + 

Methionine ± I ± | x _ + _j_ 

Phenylalanine ± I + + __ 

Thrconine ± l ± I i ^ _ 4. 

Tryptophan + + , 4. 

Valmc + + + - + l 

Alanine — ± ± + * 4. 

Aspartic acid ± 1 + + + _ _j_ 

Cystine + + + * . 4. 

Glutamic acul + I + + + _ 4. 

Glycine _ 1 — — + “ 4 

Proline “ I — — — 4. 

Scnnc — + + + _ _l_ 

Tyrosine | ± j + + i - 

• Snell Conference on Imino Acid Anali/tu of Proteins New York Academy of Scicn 

t The syn bol + indicates that tl e amino acid is essential ± that some K 1 " 0 " 1 *’ V Ut 
maximum growth occurs in its absence and - that the amino acid u i not win with 

t Asparagine and glutamine were essential for growth and supplied tl e org» 
ll use ammo acids 


no amino acid loss occurs during the preliminary preparation of hy ^ 
zates, caution should be observed in applying such analytical data 
composition of the intact protein arc 

The quahtatn e amino acid requirements of six lactic acid bacten ^ 
shown in the table above These microorganisms have been emp 
m the quantitative determination of 14 ammo acids To facilita 
application of these methods a typical procedure is described ^ ^ » 
and pertinent data regarding the preferred methods of preparation o 
hjdrolj zates, the concentrations of the amino acids at half-maximum ^ 
at maximum growth, and the nature of the responses measur 
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summarized in tbe table on p 1063 References are made to the ortgmal 
publications for further details “■ 

t Utcrobto/o veal De.enmnauon of Uoleucne, Uacme andjalme 
(Method of Shankman ) « Principle Isoleucine, leucine, and valine 
mined l>i measurement of the giouth stimulation of LacMoc.llu' «*»"• ^ J,' „ 
are prepared for assay by the microhy droly tic procedure of McMahan and * * 
emptying 10 per cent hy drochlonc acid Each amino acid is determined separately 
omitting it from the basal medium 

Preparation of the Sample W'tgh Into a pyre* test tube an *j£ 

sample containing 100 of protein Add 1 ml of 10 per cent hy drochlon^ 
acid" and scat the tube in an oxygen flame Heat for 10 hours in an a 
at 15 lb pressure, or in an oven at 120’ C Cool, open the tube, and »• 
out with approximately 95 ml of water Adjust with 4 N sodium hydro 
to pH 6 8 to 7 0 and dilute to a concentration" of aporoximately 7 9 
L> valine, 15 pg of E-leucine, or 10 pg of L Isoleucine per ml 


Preparation of Basal Medium The composition of the basal medium is 
given In the following table 


Composition of Basal Medium for tue Assay of Leucine Isoleucine a'® 
Vaune 

(The amour Is shown are for (he preparation of oOO ml of basal medium ) 



o g 

l(— ) Leucine 

100 mg 

Sodium acetate 

3g- 

DE-Isoleucinc 



5 ml. 

DU-Vahne 


bolt solution B 

o ml 

e(— ) Cystine 


\denine 

o mg 

DU-Methionine 


Guanine 

o mg. 

l(— ) Tryptophan 


Lracil 

o mg. 

l(— ) Tyrosine 


Thiamine 

50 pg 

DL-Phcnylalanine 


ItibofUv in 

100 pg 

l(+) Glutamic acid 


Nicotinic aci 1 

100 pg 

DU-Threoninc 




DU- Alanine 


Pyndoxwe 

50 pg 

l(— ) Asparagineor aspartic acid 


Pantothenic acid 

oO pg 

L( + ) Lysme 


p-Aminobenzoic acid 

O Pg 

l( + )- Arginine 



For use in the assay tubes, omit from the basal medium that anuno acid 
r which analysis is being made Adjust to pH 6 6 to 6 8 with 4 N NaOII a ter 

'“tor discuMion of additional microbiological assay s o ammo acids the reader » referred 
. reviews by c ntll Adt in Protein Chem 2, 85 (194o) Schweigert and Snell »*** , 

Itt and Pet, IS 4J” (1917) Dunn Food Technology 1 209 (1917) Barton nrs8P 
he il icrol/iological lt*aj oj the Vitamin B Complex and Ammo Acid* New York 
ublishing Corp 19 m2 

^ hank man J Biol them ISO 30o (1947) 

»» McMahan and Sjneil J Biol Chem 152. 83 (1911) 

** ilea gent grade co lentrated 1 >dr x.1 lone acid wluti n co tains approximate!) *" 
nil >drocl 1 ne acid earn' 
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preparation. Store in the refrigerator and arrange storage flask with a siphon 
so that the amount required for the day’s work may be readily obtained. 

The amino acids may be weighed out directly or may be prepared as 
stock solutions in water, containing the desired amount in a few ml. 
Where necessary, a little hydrochloric acid may be used to aid in solution. 
Store the stock solutions in the refrigerator. 

Salt solution *i contains 23 g. each potassium monohydrogen phosphate 
and potassium dihydrogen phosphate, in 250 ml. water. Salt solution B 
lias the following composition: 10 g. magnesium sulfate lieptahydrate, 
0.5 g. sodium chloride, 0.5 g. ferrous sulfate lieptahydrate, and 0.5 g. 
manganese sulfate tetrahydrate, in 250 ml. water. Add a few’ drops of 
hydrochloric acid to solution B to keep from precipitating. 

Prepare stock solutions of adenine, guanine, and uracil, containing 
1 mg. per ml. Solution is aided by heating in the presence of a few drops 
of hydrochloric acid. Store in the refrigerator, and renew at fiequent 
intervals. 

Prepare stock solutions in w'ater of thiamine, calcium pantothenate, 
and pyridoxiue, containing 100 Mg. per ml. Store in the refrigerator and 
renew' at frequent intervals. Prepare the riboflavin stock solution in 
0.02 K acetic acid, to contain 100 Mg. per ml. Store as above, and in addition 
keep from exposure to light. 

Stock solutions of nicotinic acid (100 Mg. per mi.) and biotin (2 Mg. per 
ml.) are prepared in 50 per cent ethyl alcohol. The stock solution of 
p-aminobenzoic acid (50 Mg- per mi.) is prepared in glacial acetic acid, 
and stored in a dark-glass bottle. 

Procedure. Carry stab cultures” of Lactobacillus arabinosus I7-S on yeast 
extract-dextrose-agar (Difco) and subculture monthly. After transfer. 
Incubate the cultures at 30° C. for 24 to 48 hours, and then hold in the re- 
frigerator. Prepare the inoculum for the assay tubes by transfer from the 
stock culture to a sterile centrifuge tube of the complete basal medium, 
containing all the amino acids listed. Incubate the inoculum at 30° C. for 24 
hours before use. Centrifuge aseptically and wash 3 times by suspending in 
sterile 0.9 per cent saline and centrifuging. Finally suspend the cells in 30 ml. 
of saline. 

Assay. Pipet into pyrex test tubes 0, 0.25, 0.50, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 
and 5.0 ml. aliquots of the test extract. Add to each tube 5 ml. of basal me- 
dium lacking the particular amino acid to be determined, and sufficient dis- 
tilled water to make a total volume of 10 ml. Prepare a similar series of stand- 
ards containing the amino acid to be assayed, employing a pure solution of 
the appropriate amino acid in place of the test extract. Optimal concentra- 
tions are 15 *ig. DL-vallue or L-leucine per mf. or 20 ^g. DL-isoleucinc per ml. 
Plug the tubes with cotton and sterilize in an autoclaveat 15 pounds pressure 
for 15 minutes. After cooling to room temperature, add one drop (0.03 ml.) 
of inoculum to each tube and Incubate at 30° C. for 72 hours. 

Transfer the contents of each tube to a 125-ml. Erlenmeyer flask, using a 
constant volume of distilled water as a wash. Titrate the lactic acid produced 
with 0.05 N sodium hydroxide using bromothymol blue as the indicator. 


w American Type Culture Collection, No. S014. 



10G6 


Practical Physiological Chemistry 


Chap 33 


£s 

50 per cent of the biologically acti% c enantiomorph If the raccm.c imxtur 
as tV e standard, multiply the value obtained by one-half of a 

In I ig 26o is show n a standard cur\ e obtained w ith dl-v aline, during 
^kctoSobulia preparation for that amino acid The method of calculation » «Uu- 



PER ASSAY TUBE 


Fio 2C5 Titration of I actic Acid Pro- 
duced nr Lactobacillus arabinosus Grown 
at Different Le\ els of Valine Supple- 
mentation 


trated in the table on p 1067 Results are expressed as per cent of v aline in the pro u* 
constituent of the material assayed 

There is some evidence that !□ addition to a proper balance of the essential ammo 
acids it may be necessary to supply certain peptide linkages in the dietary to insure 
satisfactory utilization of protein nitrogen Thus it has been demonstrate 
rat assays that o miss on of a new factor strepogenm from a dietary including a 
hy droly rate containing all of the essential ammo acids m satisfactory quantities 
res pons 1 le for a poor biological response Thi3 factor belie\ ed to be a peptide is a 
gro \th stimulant for Lactobacillus casei and Streptocoecia lochs A preliminary met o 
of assay has appeared based upon the growth of the former microorganism •* 


2 Use of Seurospora Mutants In 1941 Beadle and Tatum 100 repo 
the production of biochemical mutants in the red bread mold N eurospora 
b> irradiation with ultraviolet and x-rajs These mutants are unable 


**3pnneeand Woolley / Exp Sfcd 80 213 (1944) y A 28 

'** Beadle and Tatum Proc N al Acad Set 27 499 (1941) Tatum and Beadle vAa- 
234 (1942) 
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carry oat certain specific chemical reactions which are normally possible 
to the unmutated or wild-type strain For example, the untreated mold is 
able to synthesize all the components of protoplasm it needs (vitamins, 
ammo acids, etc ) on a medium containing only sucrose, nitrate, inorganic 
salts, and biotin Various mutant strains have been obtained which are 
unable to grow without the addition of certain specific vitamins or ammo 
acids to the medium, 1 e , the strain has lost the ability it at one time 


Microbiological Asm for Valine in a £-Lacto globulin Preparation 
(\ =*14 6 Pen Cent)* 

(0 107 g was hydrolyzed and diluted at 7 oO ml ) 


Test Extract Added 
to Yssay Tube 

Titration after 
Incubation 

1 DL-Vahnc Equivalent 
Eialualed from 
, Standard Curies 

dl- Valine per ml of 
Test Extract 

ml 

nil 0 1 \ A aOIl 

t* g 



0 

0 

0 



0 2a 

0 7 

5 1 

20 4 (omit) 

0 50 

1 2 

8 1 

1C 2- 

i 

0 75 

1 8 

12 2 

16 3 


1 0 

2 2 

14 7 

U 7 j 

1 

1 5 

3 3 

22 0 

14 7( 

Average 

2 0 

4 5 

30 3 

15 2/ 

153 

3 0 

6 5 

46 5 

15 51 

k 

4 0 

7 9 

62 0 

15 5. 

1 

5 0 

sc 

72 7 

H sl 



Calculation 

16 3 X Vi X 7o0 = 5 74 mg of n>\ aline per 100 mg protein in sample 


* The theoretical nitrogen content of 0 lactoglobulin is 15 6 per cent 0 107 g contains 100 
mg of protein 

possessed to synthesize that particular vitamin or amino acid It is be- 
lieved that this loss of specific biochemical potter is due to the loss of a 
single gene, which would ordinarily control the particular reaction which 
no longer occurs in the mutant 

The implications of these remarkable findings are obviously wide- 
spread, not only m the field of genetics but also in many other ways, one 
of which is in the field of microbiological assay The Neurospora mutants 
with specific nutritional defects can be used for microbiological assay of 
amino acids and other nutrients just as has been described for the Use of 
certain bacteria For example, Horowitz and Beadle 301 have described a 
chohneless strain of Neurospora, le, a mutant which cannot synthesize 
cholme and is therefore unable to grow without the presence of added 
choline in the medium These authors ha\ e described a method for the 
microbiological assaj of cholme by the use of this strain The procedure 
is substantially identical in principle \\ ith that described on p lOGi for the 

IloromU and Beadle J Biot Chem ISO 325 (1013) See Chapter 35 Cholme * 
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microbiological assay of amino acids, except that growth response is 
followed by dr> ing and w eight ng the mold mycelium. Comparison is made 
in terms of a standard curve obtained with known amounts of choline. 
Methods have also been described for the assay of certain amino acids 
(methionine, leucine, arginine) by the use of the proper Ncurospo' 0 
mutants, and in general this versatile phase of microbiological ass3> 
appears to be just beginning in so far as future application is concerned. 

Another contribution of this work is to facilitate knowledge concerning 
gene action, and the reactions controlled by genes. If, as has been sug- 
gested, each step in a biochemical reaction is under the control of a 
single gene, studies of the various mutants should permit a better under- 
standing of the intermediate stages in biochemical reactions. For example, 
by this method of approach the progressive reaction ornithine -+ citrulline 
-> arginine, postulated by Krebs and llcnselcit in connection with urea 
synthesis in mammalian liver (sec p. 1030) has been shown to occur in 
distinct gene-controlled steps in N eurospora. While this docs not neces- 
sarily mean that the reaction occurs in this way, or even occurs at all, m 
higher cells, it at least indicates the possibility of it so doing. There is no 
doubt that further studies of this type will add significantly to our 
knowledge of the fundamental chemical processes of protoplasm. 

IV. EXPERIMENTS ON CARBOHYDRATE METABOLISM 

1. Hyperglycemia Produced by Carbohydrate Insertion. The av erage glucoac 
content of normal blood is somewhat less than 0 1 per cent This is increased (hjper- 
glycemia) after the ingestion of carbohydrate food The increase is noted more quickly 
after the ingestion of monosaccharides than after the ingestion of the more complc* 
carbohjdratcs. After the ingestion of 100 g of glucose the increase in the sugar of the 
blood sometimes occurs in three minutes 

(a) Influence or Glucose In the morning before breakfast, or at least three 

hours after breakfast, determine the normal sugar content of your blood 
by means of some accurate micromethod (see Chapter 23). Ingest 100 g- of 
glucose dissolved in 250 ml. of water, and again determine the blood sugar 
level at intervals of 5, 15, and 30 minutes, and one, two, and three hours. 
(Plot a curve similar to the one shown in Fig. 266.) The urine may also be 
examined for sugar at intervals of one hour after the sugar ingestion. 

Repeat the experiment on another day using 250 g. of glucose and compare 
the results with those obtained after the Ingestion of 100 g. Explain your 
findings. If desired, this experiment may be combined with the one on “Ali- 
mentary Glucosuria," below. 

(b) Inixilnce of Starch Repeat the experiment as given above for glucose 

except that 170 g. of white bread or 100 g. of starch made into a paste 1 *' 1 are 
substituted for the 100 g. of glucose. 

The experiment may be repeated as described above, using an increased 
amount of starch. 

The various experiments may be conducted on patients suffering from diabetes 
meilitus if such arc available and instructive data collected The alimentary hyper- 
gl> cemia will generally be slower in reaching its maximum and wjJ] 1* more prolonged 
than in the case of normal subjects In some instances after the diabetic has ingested 


*** In making atari h paste rub up the dry starch 
suspended starch granules into boding water and at 


iurtar with cotd wi 


r r pour the 
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100 g of glucose the blood sugar docs not reach its maximum, until a period of two 
hours has elapsed The blood sugar also returns to its former level more slowly than in 
the case of normal mdi\ iduals 



Fig 2GG Blood Sugar as Influenced bi Diet 
A, glucose, B, starch, C, starch and fat, D, fat 

2. Experiments on Alimentary Glucosuria. According to Folin and Berglimd, 
the sugar of normal urine consists of a motley variety of carbohydrate products and 
carbohydrate derivatives including di- and polysaccharides These are believed to 
arise from foreign, unusable carbohydrate materials present in grams, vegetables, 
and fruits and from decomposition products due to cooking, canning, and baking of 
food The ingestion of pure glucose, fructose, maltose, dextrin, or starch does not 
normally giv c rise to glucuresis, but the ingestion of impure products or of an ordinary 
caibohy drate meat increases the sugar of the urine So also may lactose and galactose 

Procedure. On arising at 7 00 AM , the student should empty his bladder 
and discard the urine voided. He should then drink one glass of water but 
eat no food. At 8 00 AM , the bladder Is again emptied and the urine kept 
for analysis. The student then immediately drinks 200 g. of pure glucose 
dissolved In about 500 ml. of water. Urine specimens are collected again at 
9 00, 10 00, and 11 00 A M Test each specimen for sugar by Benedict's quali- 
tative reduction test Determine sugar in each specimen according to the 
method of Folin and Svedberg (see Chapter 31). 

Other students should go through the same procedure with the exception 
that for glucose there should be substituted 200 g. of cane sugar, 200 g of 
commercial dextrin, 200 g. of pure dextrin -starch, 10 * 100 g. of pure lactose, a 
dozen graham crackers with water only, two baked apples, bread and butter, 
meat with water only, or a large dish of pure gelatin without added sugar 

This experiment may he made more complete by making determinations 
of blood sugar at short intervals as described in Exp. I, p 1068. If desired, 
data on glucosuria, hj pergiycemia, and carbohydrate in feces (see below) 
may be collected from one experiment. 

3. Effect of Exercise on the Composition of the Vnne. After strenuous exercise 
the urine volume generally decreases, while the acidity and ammonia increase The 


w Dextrin-starch mixture may bo prepared by boiling 200 g. ot starch in. 90Q ml of 
water cooling to 60° C , adding a little malt extract, and allowing la digest until cotn- 
plotelj liquefied 
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restored in about an hour 

Procure. The .ub„ct wh. ha. had no food *3EJ5^ 

•^sssssssssss 



tub Urine 

Courtesy Wilson tt al J Bui Chtm 65, 75j (102o) 


ous exercise for 2-3 minutes Running up and down stairs for this peno ^ 
suffice In the urine specimens determine lactic acid, phosphate, ^ 
acidity, chloride, ammonia, and pH (For methods, see Chapter 3 ) ^ 

curves of amounts of these constituents per 10-minute specimen against 
to show the effect of exercise on urine composition The blood sugar may ^ 
be determined at intervals and the influence of the exercise noted u 
from a typical experiment are shown in Fig 267 


4 The Effect of Insulin on the Blood Sugar Level See the experiment de- 
senbed on p 769 


S Influence of Carbohydrate Deficiency Carbohydrates occupy a very pro ^ 
nent place in the diet of man That they are not essential dietary constituen s« 
least for the white rat, may be shown b> the following experiment 

Demonstration on Carbohydrate Deficiency Use young white rats 
jects, feeding one rat Diet 1 and another rat Diet 2 as given in the fo ° 
table 
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Carbohydrate Deficiency Diet 



Diet 1 l 
per cent 1 

Diet 2 
per cent 

Ca-vein 

55 

20 

Butter fat i 

30 

15 

Lard 

lo 

10 

Starch or dextrm ! 

i 0 

55 

Yeast, dried, 104 gram per d i> 

0 4 

0 4 


Both rats will grow normally In spite of the practical absence of carbo- 
h> Urates in Diet 1 In the case of man, the withdrawal of carboh>drates Is 
followed by ketosis (see p 1073) This ketosis is absent or much less pro 
nounced in the case of the white rat 

6 Isolation and Determination of Li»cr GIj cogen This exercise senes to 
illustrate the conditions for the manufacture ami storage of In er gl\ cogen b> the 
animal organism, to provide some liter glj cogcn for study, ami to show how tisoue 
glj cogen js quantitatn elj determined 

Procedure Students may work in pairs Prior to the experiment, transfer a 
6 mi portion of 30 per cent KOII to each of two a0 ml centrifuge tubes, 
stopper the tubes with a rubber stopper, and weigh on an analytical balance 
Suspend the tube on the balance by means of a cupper wire fastened around 
the tube just below the pouring lip Take care that the alkali does not come m 
contact with the rubber stopper 

Each group of four students will be supplied with a rat Half the animals 
dispensed will have been starved and the other half fed Remove a rat from 
its cage gently to avoid exciting it Stun it by a blow on the head and de 
capitate it quickly Immediately remove the liver, weigh quickly to the near- 
est 0 I g , and cut into two approximately equal portions, one for each pair of 
students Mince the liver portion immediately and transfer samples of the 
minced liver to each of the two centrifuge tubes (0 7 to 1 0 g samples from 
fed rats and 1 to I 5 g samples from starved rats) Stopper the tubes and 
weigh again The difference between this weight and the original weight of 
the tube plus the KOH solution will give the weight of liver sample used 
Remove the stoppers and place the tubes upright in a boiling water bath for 
15 to 20 minutes, agitating the solution occasionally to ensure thorough 
disintegration 

At this point each pair of students should exchange one of the two tubes 
for one from another pair of students that represents a rat of opposite type 
Thus each group will have one glj cogen preparation from a fed rat and one 
from a fasted rat Vdd 7 ml 95 per cent alcohol to each tube, mix by tapping, 
and immerse in the water bath until boiling just begins (care must be taken 
to avoid loss by sudden foaming) Allow the tubes to cool at room tem- 
perature for about 2 hours Centrifuge, decant and discard the supernatant 
fluid, drain and wash the precipitates twice with 5-ml portions of 60 per 
cent alcohol by centrifuging, decanting, and draining as before Expel the 


** Tt e >ca^t is fed separate^ 0 4 g to each rat It niaj be fed in the form of a powder 
or os tablets The onlv carbohj drate present in Diet I is {I e \er$ small amount in tl o 
dried jeast. 
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tfoutly Sth IN NaOlI, with cuu.mnt stirring. a volume “a 

should be required. Transfer the neutralized »° lu ' 10 " “ an fl mU . 

<;n ml or IQO-ml. volumetric flask, dilute to volume w * t “ * „„ f hod 
Analyze this solution for glueose by the homody'-Shaffer-llautman ^ ^ 
Ip. 571), using the volume of aliquot that will contain not the 

or more than 2 0 mg. of glucose, calculated on the assumption th 

Jy” S en cogent of the liter from the fed animal 1. approximately <0 Per 

tent on a wet weight basis, and that from the starred anlmal l. 0 2 P^r »c 
(it may be zero). Calculate the User glycogen content as trams of g 
100 g of liver, and report results to the Instructor. In your d ‘ ,cu “‘° an j 
experiment, briefly discus, the factors which influence 1^0°. not hydrolyzed 
depletion. Use the remaining glycogen suspension which was not by > 
for performance of the Iodine test (p. 281) and the saliva test (p. 28D- 

V. EXPERIMENTS ON FAT METABOLISM 

1. Fat Utilization Thismaj Ixidctcrmintdin a manner CDhrely analogous lo l hat 

used in the detcniiuiafion of protein utilization (see p 1047) The fat may “ 
mined t,y the baron method («e p 154) It is claimed when: yi” lore, 
of fat are fed that the fat of the feces la largely independent of the diet Thcr 
m order to secure accurate information regarding the utdization of food la , 
said to be necessary to determine the fecal fat on a nonfat diet There may P® ’ 
be a fat excretion from the intestine but much of the hpide of the feces is « 
cellular structures (bacteria, epithelial cells, etc ) (Sec Chapter 21 ) 


2. Fat in Feces . A normal adult will digest and absorb at least IK) per cent o ® 
in the diet when the amount ingested does not exceed 100 g If the diet contain 
excessive amount of fat, e g , 300 g per day, considerable appears in the 
pancreatic diseases and such conditions as are accompanied by a decrease in b e » 
the d-gestion and assimilation of fat is lessened 


Experiment. (a) Ingest an ordinary mixed diet containing an 
amount of fat per day, e g , 75-100 g Collect a stool and examine it m> 
scoplcally as directed on p 449 (b) Now ingest a diet containing an exces 
quantity of fat, e g , 300 g. per day Separate the feces and subject a rep 
sentative sample of the feces from the high fat diet to microscopical exa 
tion (c) If it is desired, the fat may be extracted from some of the Jn 

applying the principle involved in the quantitative determination of * 
the Saxon method (see p 454) Evaporate the ether extract and iden 
the fat In the residue by tests given in Chapter 3. 


3 Influence of Fat (Fairy Acid) Deficiency. Although it has often been 
strated that fats are not essential constituents of the diet from the energy ^ 
point. Burr and Burr have shown the essential nature of certain unsaturate* 
aci Is face discui—ion on p 1004) The following experiment demonstrates t ie c a 
teraties of a deficiency of essential fatty acids in the rat 
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Experiment . Two groups of rats, weaned at three weeks, are placed In indl- 
>idual cages and fed the following diet: purified casein 10 * 24, sucrose 72.1, 
salt mixture (McCollum- Davis, see Appendix) 3.9. Supplementing this 
diet, 0.65 g. of dried ether-extracted yeast upon which is dried 2 drops of an 
ether extract containing the nonsaponifiable fraction of 70 mg. cod-liver oil, 
is fed daily. To each rat in one group 10 drops of lard are given daily. Water is 
supplied ad lib., and If desired, the quantity consumed may be measured. 

Jn about 70 to 90 days the symptoms of the deficiency will begin to appear 
in the fat-free group. The legs, especially the hind legs, become scaly and 
swollen, the tail becomes spotted and ridged and finally necrotic (Fig. 268), 
the hair on the back becomes filled with dandruff and tends to fall obt, and 
degeneration of the kidneys sets in, as may be observed from the bloody 
urine. The renal lesions are the immediate cause of death. In the females, 
ovulation, becomes irregular and finally ceases. 

Fio 268. Xechosis of the Tail of k Rat os a 
Fat-Fbee Diet. 

Courtesy, Burr and Burr. J. BioL Chetn , 82, 345 (1929). 

The deficient animals eat the same amount of food but drink twice as 
much water as the controls. Before the deficient animals reach a moribund 
condition, their dtet may be supplemented with a small amount of an oil 
or fatty food, to test the curative properties of the fatty acid molecules. 

The above procedure can be employed quantitatively for the bioassay of 
the essential fatty acids present in foods. 106 Weanling male rats from Utters 
of which the mothers have been on a low-fat diet are placed on a fat-free 
diet until depleted, as determined by a constant body weight for 3 weeks. 
This requires a period of approximately 12 weeks. The rats are then divided 
into the following groups: negative control group; groups to determine 
reference growth curve (which receive 10, 20, or 50 mg. methyl linoleate 
daily); groups to receive unknown fat at several levels (25 and 50 mg. Jier day 
for cottonseed and similar oils, 250 and 500 mg. per day for margarines and 
butter). The assay period is continued for 8 weeks. The potency of the un- 
known fat can then be estimated from the log dose: gain-in-w eight relation- 
ship, as Is done in the standard procedure for bioassay of vitamin A. 

4. Ketosis. Ivetosis may be induced in a normal person by the ingestion of a carbo- 
bj drate-free diet. The ongin of ketosis is discussed on p 1007. The intensity pf ketosis 


lli Reprecipitated curd casein 13 washed until free from chlorides, extracted repeatedly 
with alcohol, and fin all j extracted for one week with ether, and dried at 35® C For detailed 
directions see Burr and Burr J. Biol Chetn., 82, 345 (1929). 

“* Deuel, Greenberg, Anisfeld, and Melwck J. Nutrition, 4S, 535 (1951) 
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may be evaluated by determination of the excretion of ketone bodies m the unne 
(ketonuria) The following table shows the data obtained in an actual case of the 
withdrawal of carbohy dratc food from the diet of a normal man (\ on Aoonlen) 


Kltosis Accompanying Cardohydkatf Withdrawal 


Day 

Diet 

FxcreUon of lce/one Bodies Cal- 
culated as d Ilydroxybulyric 
Acid 



grams 

1 

Protein, fat, and carbohydrate 

None 

2 

Protein and fat 

0 3 

3 

Protein and fat 

1 0 

4 

Protein and fat 

8 7 

5 

Protein and fat 

20 0 

0 

Protun, fat, and carbohydrate 

2 2 


Expertment Ingest an ordinary mixed diet for 1 day Follow this by a period 
of 2 to 4 days in which no digestible carbohydrate is eaten (A diet of meat, 
eggs, butter, agar-agar, and water has a very low digestible carbohydrate 
value } Collect the urine for each day of the experiment, examine it qualita- 
tively for acetone bodies (see tests, Chapter 29) If present, determine the 
total acetone bodies quantitatively (for methods see Chapter 31) The blood 
may also be examined (see Chapter 23) Did the withdrawal of carbohydrate 
food cause a ketonuria? 

VI. ADEQUATE vs. OPTIMAL NUTRITION; THE DIETARY 
EFFICIENCY OF MILK 

The foregoing experiments have demonstrated that certain factors must be present 
in a diet if it is to be deemed adequate But such a diet although it qualifies under all 
required nutntional standards, may be improved upon We thus form what may be 
termed an optimal diet To demonstrate the difference between an adequate and an 
optimal diet proceed as follows 

Place two white rats from the same litter, each weighing 35-45 g , i« sepa- 
rate cages F eed one rat an adequate diet (see below) and the other an optimal 
diet (see below) 


Adequate Diet 
Whole wheat 
Whole milk (powder) 
Sodium chloride 


Optimal Diet 
82 Whole wheat 
17 Whole milk (powder) 

1 Sodium chloride 


It will be noted that dry milk constitutes only one sixth of the adequate diet 
whereas It makes up one-third of the optimal diet Give the animals water ad 
Hb and weigh them at least twice a week Continue the experiment for at 
least 10 weeks, plotting the growth curve of each animal and keeping an ac 
curate record of the food eaten (see Appendix for methods of recording data) 
If It is desired to investigate the relationship of these diets to reproduction, 
tW ° rat ® °* °PP° 8lle seI may be used In each test and caged together 
The rat (or rats) receiving the optimal diet should grow more rapidly than the 
animal or animals receiving the adequate diet If the experiment embraces the question 
of reproduction it will be found that the rata on the optimal diet hav e greater success »« 
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the rearing of young and that the offspring grow better during the nursing period than 
do the offspring of the rata ingesting the adequate diet 

In a comprehensive series of observations on these diets by Sherman and associates 
it has been found that the animals fed the optimal diet mature earlier and Inc longer 
In common with other data secured from tests with albino rats these findings may be 
applied directly to the human dietary, and afford a very striking demonstration of the 
remarkable nulrtUte efficiency of mill 
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Composition of the Animal Body. The elements that compose the 
human organism and their approximate relative amounts in the bodyaie 
as follows: 



Per Cent 

Approximate Amount 
in a 70 Kg Man 

Oxygen 

65 0 

grams 

45,500 

Carbon 

18 0 

12,600 

Hydrogen 

10 0 

7,000 

Nitrogen 

i 3 0 

2,100 

Calcium 

1 5 

1 050 

Phosphorus 

1 0 

700 

Potassium 

0 35 

245 

Sulfur 

0 25 

175 

Sodium 

0 15 

105 

Chlorine 

0 15 

105 

Magnesium 

0 05 

35 

Iron 

0 004 

3 

XIauganese 

0 0003 

0 2 

Copper 

0 0002 

0 1 

Iodine 

0 00004 1 

0 03 


Various other elements are also present in traces, these are sometimes 
called as a group the trace elements In many instances their nutritional 
significance if any is obscure In addition to copper, manganese, zinc, 
and iodine, which may be considered trace elements of known nutritional 
significance, this group includes the elements aluminum, fluorine, silicon, 
lithium, bromine, arsenic, lead, molybdenum, vanadium, and possibly 
others. Each of these elements is m fact a mixture of isotopes, dements 
that have identical chemical properties but differ in certain physical 
properties (see Chapter 32, “Isotopes’*) 

The elements which make up the animal body are obtained from 
various sources Carbon, hydrogen, and oxygen are supplied to the bodj 
by carbohydrates, fats, and proteins, and by water and the oxygen of the 
air, nitrogen, as well as a considerable propoition of phosphorus and 
sulfur, arc supplied by proteins, the remaining elements are supplied by 
the mineral constituents of natural foodstuffs, by common salt, and to 
some extent by the minerals of drinking water. 
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PROXIMAT, CllLMICAL COMPOSITION OP AN AOULT HOMAS *** 
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Paris Analjzed 


Pho»- 

phorut 


Skin 
Skeleton 
Teeth 

Striated muscle 
Brain, spinal cord, and 
nerve trunks 
Liver 
Heart! 

Lungs t 
Spleen 
Kidneys 
Pancreas 
Alimentary tract 
Adipose tissue 
Remaining tissues 
Liquid 
Solid 

Contents of alimentary 
tract 

Bile 
llair 


Total body, weighing 
70 55 kg 



* Assumed 
t Somewhat enlarged 
t Somewhat coi gested 


and sulfur, and some of the phosphorus arc found m the organic com- 
pounds of the body (carbohydrates Iipidcs proteins, etc ) These con \ 
pounds comprise about 90 per c cut of the total solid matter of the anim 
body, the remaining 10 per tent (about 3 3 per cent of thc total b° 
weight) being largely inorganic The inorganic elements essential 
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uum ll life include sodium, potassium, calcium, magnesium, phosphorus, 
iron, copper, clilonne, iodine, cobalt, manganese, zme, and possibly 
others 

The relative amounts of water, organic material, and inorganic elements 
(“ash”) characteristic of the body as a whole do not necessarily represent 
the composition of the individual tissues and organs of the body, where 
wide variation may be encountered, not only from tissue to tissue but for a 
particular tissue under vaijmg normal and pathological conditions 
These differences between the various parts of the animal body m this 
respect are illustrated by the data in the table on p 1078 
The term “proximate” rcfeis to an analysis in terms of fundamental 
components but not necessarily in terms of the elements themselves 
Fresh tissues or tissues from different animal species may vary more or 
less from the values given iu the table The weight of the ash is slightly 
higher than the actual weight of mineral elements present, including as it 
must the carbon and oxygen of carbonates, the oxygen of phosphates and 
sulfates, etc 

The absenco of carbohydrate from the table is to be noted If the 
carbohydrate content is estimated by difference, it cannot account for 
more than a few per cent of the total body w eight This emphasizes the 
fact that in animal tissues as a whole, carbohydrate is present m limited 
amount, despite the high carbohydrate content of the animal diet — m 
contrast to plant tissues, where carbohydrate may make up the major 
portion of the solid matter present Another factor which enters into the 
picture is that much of the carbohydrate m ammal tissues readily 
undergoes post-mortem changes, i e , glycogen and glucose are converted 
to lactic acid, etc , so that a precise estimation of carbohydrate content 
requires special technical treatment 

WATER 

Water is the most abundant compound m the animal body, making up 
approximately tw o thirds of the total body w eight, although the various 
tissues within the body may differ significantly in water content (see 
table, p 1078) Other organisms, e g the jelly-fish, may have a much 
higher proportion of water Water furnishes what has been called “the 
aqueous milieu within w hich life processes occur ” Water is more essential 
than food in the sense that an individual can survive much longer when 
deprived of food than when deprived of water According to Thorpe, 
death usually results when about 20 per cent of the body water is lost 
Tor experiments illustrating the need for water iu the diet, see p 1057 
Water possesses a number of physical and chemical properties which 
promote its physiological utility The high solvent pow er of water permits 
the formation of a variety of true and colloidal solutions, wathin which 
reactions may occur at a much more rapid rate than if a solid phase were 
concerned The high dielectric constant of water promotes ionization, thus 
facilitating reaction occurrence and velocity Water itself enters into a 
great many of the reactions of biological material (hydrolysis, oxidation, 
reduction, etc ) and appears to catalyze other reactions m which it plays 
no apparent part The lubricating action of water is important m con- 
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nection. with such physiological functions os swallowing and the role of the 
various internal fluids of the body (synovial, peritoneal, pleural, etc ) 
Water is a good heat insulator, and at the same time appears to be of 
major importance in the control of heat loss from the animal body 
The heat required to convert 1 g of water to water vapor at room tem 
peraturc is approximately 0 6 Cal Du Bois found in one instance that 
the amount of water lost by vaporization from the skin and lungs of a 
noimal resting man under ordinary conditions of temperature and 
humidity was about (580 g per day The heat loss associated with this 
vaporization represented about ono-quarter of the total daily heat loss 
Other means of heat loss include radiation and conduction , as the environ- 
mental temperature rises toward that of the animal body (37° C ), these 
latter means become relatively ineffective and heat loss by vaporization of 
water becomes proportionately greater 

The significance of water in the animal body 1 has two general aspects 
(1) the relation between water entering the body and that leaving it, 
ic the water balance, and (2) the distribution of water between the 
various water-containing fluids of the body 

Water Balance. The sources of body water include (1) the fluids of 
the diet, (2) the solids of the diet which contain more or less water, 
and (3) the water produced by the oxidation of material within the 
tissues The major channels of water excretion include (1) the lungs, 
(2) the skin, (3) the kidneys (unne), (4) the intestinal canal (feces) 
(5) in the lactating female the milk and (6) to a minor extent the tears 
The relative significance of these various factors may be illustrated by 
the following table 

Water Balance of a Nobual Individual 


Source I Excretion 


w, Per Cent 

j 11 of Total 


Ml 

Per Cent 
, of Total 

Fluids of diet 

1200 

48 

I ungs 

500 

20 

Tood 

1000 

40 | 

Skin 

500 

20 

Oxi lation v 

within 


Lnnc 

1400 

56 


300 

12 1 


100 

4 

Totals 

| 2o00 

100 


2o00 

100 


Normally an individual is in water equilibrium i c water gam equals 
water loss with respect to all sourees A water intake in excess of the 
al ility of the body to excrete water may be toxic (water intoxication) , 
a water loss which exceeds water intake may lead to dehydration, and if 
sufficient^ prolonged to death 
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It has been demonstrated that inorganic elements must be available in 
the animal diet not only in adequate amount but also in proper balance 
with respect to one another. For example, a high intake of potassium 
salts results in increased elimination of sodium and chlorine, adequate 
dietary calcium is necessary for retention of potassium, and in cases of 
vitamin D deficiency, too high or too low ratios of calcium to phosphorus 
in the diet lead to serious impairment of bone structure. 

In the following pages arc considered some of the metabolic aspects of 
inorganic elements and compounds. Quantitative methods for the 
determination of various inorganic elements in blood and urine have been 
described in Chapters 23 and 31; the occurrence and significance of these 
elements in the urine arc discussed in Chapter 28. 

SODIUM 

This element is present to a considerable extent in the diet and in the 
body fluids of the animal organism, invariably in the form of the sodium 
ion, Na + , and in the diet at least, for the most part as sodium chloride. 
However, the sodium ion is a physiological entity whose function within 
certain limits is relatively independent of whatever anions (chloride, 
bicarbonate, lactate, phosphate, proteinate, etc.) are associated with it. 

The adult human body contains about 100 g. sodium, distributed 
almost entirely in the extracellular fluids (blood plasma, interstitial 
fluid) of the bodj'. On the average, about 4 to 5 g. sodium are ingested 
per day in the ordinary diet, corresponding to about 10 g. sodium chloride, 
which is the major form in which this element is ingested. Practically all 
of this ingested sodium is excreted by way of the urine. On diets low in 
sodium the urinary excretion falls to a very low level, so that the daily 
sodium requirement is considerably in excess of the amounts ordinarily 
ingested, and is commonly covered by the amount of sodium chloride 
(table salt) in the diet. 

Carnivorous animals receive adequate salt from the animal tissues 
which constitute their food. The food of herbivorous animals is relatively 
low in sodium, and is high in potassium, the ingestion of which causes an 
increased urinary excretion of sodium. This lass of sodium induces a 
craving for this element, which in nature may be satisfied by such animals 
traveling long distances to salt licks, while domestic cattle are furnished 
Math salt blocks. In the case of human subjects, the addition of salt to 
the diet makes it possible to eat with relish larger amounts of vegetable 
foods. Lactating cows not given a salt supplement yield milk of low so- 
dium chloride content and may suffer otherwise. It has been shown in rat 
experiments that sodium deficiency unfavorably affects the appetite, the 
normal increase in weight, the storage of energy, and the synthesis of fat 
and protein. On a diet otherwise normal but of restricted sodium content 
(0.002 per cent), rats show retarded growth and disturbances of the eyes 
and reproductive function, with death ultimately ensuing. Rats may have 
their sodium needs satisfied by diets containing as little as 0. 1 per cent of 
sodium chloride. 

It has been shown by the use of radioactive sodium that this element is 
absorbed exceedingly rapidly from the gastrointestinal tract, some absorp- 
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organism and is virtually absent from the V° d > S : . r t0 

The major functions of the sodium ion in the ani ™ 1 * balance, 
be in connection with osmotic-pressure .regulation .and 

although other possible funrt.ons such *sa be exchidld^ The role of 
activity, though as yet undiscovered, cannot be cxc uaea. i • , 

sodium in osmotic pressure regulation and acid-base balance is ^ 

stood by a consideration of the electrolyte distribution of a „T 
fluid (blood plasma) as shown herewith. 

Approximate Electron te Distribution* of Normal 
Human* Blood Plasma 


** Hoses** * Acids 

Ion-. Xa + K + Ca + Mg- C1 + HCO, + Pr + Others 

Concentration: 154 + 5 + o +3 «= 10G + 28 + < + 

(milliequivalents _ ... 

per liter of 1®' — *67 

plasma water) 

The numerical values are to be considered as approximations °ub> 
subject to more or less wide variation under both normal and patnoi g 
conditions. As a matter of fact, the ionic concentration of an element; 
biological fluid is somewhat difficult to define with exactness, since w 
is ordinarily measured is the total amount of element rather than _ 
fraction which is ionized (see discussion of calcium, p. 10S8). Nevertn -» 
the relationship shown above serves to bring out several fundame 


In the first place, it must be true that the sum of all the cations P^f • 
(Xa, K, etc.) equals the sum of all the anions (Cl, HCOj, etc.). ^ 
evident only if concentrations are expressed in terms of milliequivaie 
rather than milligrams. This is one reason for the increasing us® 0 
former term in connection with such substances as sodium, clllor ^ 0 ’ 
bicarbonate, etc., in their relation to physiological processes, 
example, if bicarbonate is replaced by chloride in plasma, this replace ^ 
is on the basis of ion for ion (i.e., equivalent for equivalent) rather 
gram for gram. The equivalent concentration of a monovalent ion 
be obtained by dividing the weight of ion present by the equivalen l®, 
bining) weight of the ion; for milliequivalents, both weights are expr 
in milligrams. Thus if sodium is present to the extent of 354 mg- Pf * ^ 
ml., or 3,540 mg. per liter, the milliequivalent concentration per i ^ 
3,540/23 = 154 milliequivalents (mEq ). For a divalent ion such as 
the equivalent weight is the combining weight divided by 2, since 
Ca ion is equivalent to two monovalent anions. _ < _ f>en 

From the data on electrolyte distribution, therefore, it can be 
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that the sodium ion is the chief cation of blood plasma, and this is true 
also for the other extracellular fluids of the bod}'. Within the cells, sodium 
is present in relatively low concentration, being replaced largely by potas- 
sium and magnesium. (( 

The division of the various ions of plasma into “bases” and acids” de- 
serves some clarification, since this usage is rare in general chemistry 
though quite common in physiology and medicine. The plasma (and the 
tissue fluids in general) are essentially neutral in reaction, and remain so 
under all conditions compatible with life. When an acid such as lactic acid 
enters into or is produced within a neutral buffered physiological fluid, to 
all intents and purposes the hydrogen ion of the acid disappears in the 
formation of water or other un-ionized molecule. The fluid still remains 
essentially neutral in reaction, and the only evidence that acid has been 
present is found in the increased amount of the acid anion— e.g , the 
lactate ion in this instance. This increased acid anion content is at the 
expense of such buffer anions as bicarbonate, phosphate, proteinate, etc., 
originally present. Thus the entrance of acid is reflected not by any 
marked change in pH, but by alteration in the relative amount and dis- 
tribution of the various anions present. The anions therefore represent 
the “acid” portion of the electrolytes An analogous situation prevails with 
respect to base, the entrance of which, within the framework of a neutral 
solution, will be evidenced almost entirely by an increase in cation (e.g. 
Na) content. Naturally, other factors enter into acid-base balance within 
the body, as is evident from the discussion in Chapter 24, but the concept 
of acid-base balance reflected in part by the kind and distribution of 
anions (acids) and cations (bases), within an essentially neutral solution, 
is of considerable value in an understanding of all phases of this subject. 
From what has been said, it can be seen that sodium is the chief base of 
the plasma, and of the extracellular fluids in general. 

Another aspect of sodium-ion concentration which is of importance is 
in connection with osmotic pressure regulation. The total osmotic pres- 
sure of a biological fluid such as the blood plasma is equal to the sum of 
the osmotic effectiveness of all the ions present. Thus the plasma corre- 
sponds osmotically to a solution 0 167 AI (167 milliequivalents per liter of 
plasma water) with respect to an electrolyte such as NaCl, which is 
assumed to be completely dissociated in solution to yield two ions, or to a 
solution of a nonelectrolyte which is approximately 0.33 M (2 X 0.167). 
The osmolar concentration of plasma is therefore approximately 0.33. 
Note that of the total osmotically effective bases of plasma, sodium makes 
up approximately 92 per cent ( 15 ;HV> 7 )* Thus changes in the osmotic 
pressure of plasma (and in general of the extracellular fluids of the body) 
arc largely due to, and may be caused by, changes in the concentration of 
sodium present. It is true that under stress a loss of sodium may be com- 
pensated for to a small extent by an equivalent increase in potassium, but 
the ability of the organism to substitute bases in this manner is relatively 
restricted (in contrast to the wide variation in anion distribution which 
may occur) and any major loss of sodium from the body, as in Addison's 
disease, and prolonged diabetic ketosis, leads to a significant lowering 
of the osmotic pressure of the body fluids, and therefore water loss 
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(dehydration) Itcstoration is not complete until both the 

the lost n ater are replaccil , lt „ -ole m main- 

The role o[ Bod.um m acul-hase balance .% '«*'! '»{ ' j, on 0 f the 
taming the total osmotic pressure of the body fluids T P « m , lh . 
body sodium cqunalcnt to the bicarbonate present l (> « . allB blc 

equn alents per liter of plasma aater) represents most , 

base of the plasma ahich can be used for the neutralization ^ 

acids, and in conjunction tilth carbonic acid detc ™ ln “ ‘ j c h ang cs 
(see Chapter 24) It is more correct lion ei er, to regard acid ^ 

in terms of the anions present rather than in terms of sodium , asma 

may hate an acidosis or alkalosis in terms of sanation P 
bicarbonate and CO, tension mthout significant changes in sod 

C0 The sodium ion has an effect on imtable tissues such as muscle ivlnch 
does not appear to be related to osmotic forces, and clinch is count 
by the presence of the calcium ion, in the proportion of about 1 to 
emm ions per 100 sodium ions This is the basis for the use of such p^ 
Biologically balanced" solutions as Itingers, Tjrodes, etc , rathe 
isotonic saline alone, in experiments involving the maintenance o 

tion of isolated ammaltissues or organs . nflr . 

The excretion of sodium has been discussed on p 903 On an ord J 
diet urinary sodium amounts to about 3 to 5 g per daj , correspon mg 
10 to 12 g expressed as sodium chloride, but wide \ anations natural J 
be expected On a low salt diet and in starvation, urinary sodnim cW 
excretion falls to verj low levels The activity of the antidiuretic ho 
of the posterior pituitarj («ee p 775) is sensitive to the availabiu^ 
corticosterone and deoxycorticosterone, elaborated by the adrenal co 
As a result, a deficiency of these steroid hormones is followed bj a 
of sodium and chloride in the unne and retention of potassium, altno g 
the causativ e relationship has been questioned * The restriction of die , a 
sodium chloride is widelj advocated in essential hypertension and car i 
disease 


CHLORINE 

This element is found m biological matenal exclusiv ely in the form o 
the chlonde ion, u the biological significance of postulated organic chlori 
compounds, such as chlorohpides, has as yet to be conclusively deI ?°, 
strated In the diet chloride is found largelj as sodium chlonde, the a ) 
intake approximating 6 to 7 g , representing about 10 g of so m ^ 
chlonde, but wade v anation in this respect is encountered, depending a 
does upon dietary habits The adult human bodj contains approximate ^ 

100 g of chlonde, found largelj in the extracellular fluids of the bodj * 
present to some extent in red blood cells and to a lesser extent in the o 
cells of the tissues jn 

Although a close relationship exists between chlonde and soaiu 

» Four man Pctfen-slein ke| ler Den p«e> Jljrtter aid Albright MttaboU*m • 

** A notal le exception to tin rule is the antibiotic CLloromj cetin(chloramphew 

\ which contains chlorine in organic combination 



Chap. 34 


IvoncAxic Metabolism 


10S7 


certain physiological processes, the chloride ion has a number of functions 
which are peculiar to it and which are essentially independent of sodium 
ion functions. Thus it is the chief anion of the gastric juice, being present 
there in approximately the same concentration as in the blood, at least 
before dilution or other modification of the gastric juice, and accompanied 
by the hydrogen ion in substantially equivalent amount, rather than by 
sodium as in the plasma and extracellular fluids of the body. The chloride 
of gastric juice is apparently derived ultimately from blood cldoride (see 
Chapter 14), and is normally reabsorbed during later stages of digestion. 
Loss of gastric juice chloride by vomiting, or in pyloric or duodenal 
obstruction, may lead to the development of an alkalosis due to bicarbon- 
ate excess, since the lost chloride is replaced in part at least by bicarbon- 
ate. It is interesting to note that on chloride-deficient diets there is no 
change in the output of chloride in the gastric juice, w'hile chloride 
excretion by other channels, such as the urine and the perspiration, may 
be markedly decreased. 

Another specific function of the chloride ion is in connection with the 
chloride shift in the blood during the carriage of carbon dioxide (see 
Chapter 24) whereby the bicarbonate content of the blood plasma is 
significantly increased by exchange with plasma chloride, which enters 
the red cells. 

Chloride is likewise concerned in osmotic pressure regulation, making 
up about two-thirds of the total anions of blood plasma and occupying a 
similar position in the other extracellular fluids of the body. The role of 
chloride in this connection, however, is subject to somewhat greater 
variation than the role of sodium, since to a certain extent the organism 
can exchange chloride ions for other anions within the framework of a 
normal osmolar concentration of total anions. This ability to replace 
chloride ions by other ions is more restricted, hoivever, than for the other 
major anion of the plasma, the bicarbonate ion, over half of which can be 
replaced, for example by the lactate ion under certain conditions. 

The chloride ion is an activator of salivary amylase, but this action is 
not specific for chloride and may be due in part to the effect of strong 
electrolytes in general on the solubilities of such proteins as globulins. 
Radioactive chloride (Cl 38 ) has been used for studies on the volume of the 
interstitial extracellular fluid of the body. 

Chloride present in the diet in excess over that required by the body is 
excreted, chiefly by way of the kidneys Excreted chloride usually is 
accompanied by excess sodium or potassium unless there exists a need 
for conserving base, in which ease the ammonium ion accompanies the 
chloride ion to a variable extent. Factors controlling the excretion of 
chloride are similar to those concerned with the excretion of sodium and 
potassium. On a chloride-deficient diet, or in fasting, the chloride excre- 
tion may amount to but a trace. However the excretion by normal adults 
averages about 10 to 15 g. per day expressed as sodium chloride. 

POTASSIUM 

This element, like sodium and chlorine, is also present in plant and 
animal tissues entirely as the potassium ion. The adult human body con- 
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tains about 250 g. potassium, present almost entirely in the cells rathe, 
than in the extracellular fluids as with sodium. While normal human 
plasma contains only about 5 milliequivalents of potassium per liter ^ 
water, almost the entire cation content of red cells is made up of P ot3 ^ 
sium (about 170 milliequivalents per liter of cell water). Thus potassm 
is the major “base” of the body cells, and apparently subserves in tn 
cells the same general functions relating to osmotic pressure regular 
and acid-base' balance that have already been described for sodium in e 
extracellular fluids of the body. This is not the only function of potas- 
sium, however; it has been shown to aid in the enzymatic transfer of phof* 
phate from ATP to pyruvic acid, for example (see p. 994); and the toxic 
effects of a significantly elevated plasma potassium level (potassium 
poisoning) can hardly be ascribed to osmotic forces alone. The potassium 
ion has an'effect on muscular irritability which, like that of sodium, ten 
to antagonize the effect of the calcium ion. Nevertheless*, under condition- 
of severe dietary salt restriction, calcium appears highly important W 
supporting the potassium content of tissue. 1 

The abundance of potassium in plant foods and in meat precludes toe 
danger of a deficiency of this element in a mixed diet. From 1 to 3 g- j 5 
commonly excreted in the urine per day on such a diet. Growth in rats 
may be retarded by reducing the daily potassium allowance below 1° 
mg. in the male and 8 mg. in the female; this difference may be due to 
differences in growth rate. Potassium requirement varies considerably u* 
the different animal species. Prolonged consumption of a potassium-de 
cient diet may result in failure of the animal to respond to a correction o* 
the deficiency. Potassium deficiency in man is associated with weakness 
and muscular paralysis, accompanied by a fall in the plasma potassium 
level; in animals hypertrophy of the heart and kidneys has been noted- 1° 
Addison’s disease the excretion of potassium falls and plasma potassium 
rises, with the reverse changes in urinary and plasma sodium, indicating 
a function of the adrenal cortex in this connection. The administration 
of sodium chloride alone will sometimes alleviate the symptoms of tn e 
disease, apparently permitting the organism to restore the altered relation 
between sodium and potassium retention and excretion. It h3S been 
claimed that the symptoms associated with removal of the adrenal cor- 
tex may be reproduced experimentally by measures which increase the 
plasma potassium level to about twice the normal value. 


CALCIUM 

Calcium is an essential constituent of all living cells. Its mode of action 
is not clear but it appears to play a part in decreasing the permeability of 
cell membranes and the irritability of cells in general. Its effect on neuro- 
muscular mechanisms is shown in higher animal, by the development of 
hyperirritability and tetany as a result of a decline in the calcium content 
of the blood. Such a fall is observed in tetany following removal of the 
parathyroids, symptoms becoming noticeable when the calcium-ion con- 
centration falls below 3 mg. per 100 ml. (total calcium below 7 mgd- 


* Epprielit and Smith. J BicJ Chm.. 118. C79 (19 JT) 
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Normal values arc 9 to 11 mg. total or 4.25 to 5.25 mg. of ionized calcium. 
In fatal hyperparathyroidism, Ca++ values of 7 mg. (total calcium 16 mg.) 
have been noted. McLean and Hastings find the calcium of plasma nearl}’ 
all accounted for as calcium ions and calcium bound with protein, an 
equilibrium existing between the two forms The parathyroids appear of 
prime importance in regulating the calcium content of the blood. The 
mechanism of this action is not clear. 

Vitamin D improves the utilization of calcium for calcification and 
other purposes. There is convincing evidence that vitamin D promotes 
calcium absorption j there is also some evidence that it may act on the 
calcification process itself. The mechanism of vitamin D action is obscure. 
Any relation between vitamin D and parathyroid action is, at most, 
indirect. The action of vitamin D in calcium metabolism is discussed 
further in Chapter 35. Since calcium salts within the intestinal tract are 
more soluble at acid reaction than in neutral or alkaline solution, ab- 
sorption of calcium is promoted by high gastric acidities, by acid-con- 
taining diets in general, and by diets containing lactose which lead to 
lactic acid fermentation in the intestines. Amino acid products of protein 
digestion may promote the absorption of calcium, possibly by the forma- 
tion of soluble complexes. Other as yet unknown factors may also be 
concerned. 

We are also much in the dark as to the nature of the calcification process 
as it occurs in bones and teeth. It appears to depend upon an adequate 
inorganic phosphate concentration of the blood plasma as well as upon the 
Ca 4 ^ of the plasma, and these are maintained through a balance between 
absorption from the intestines and excretion by the intestines and the kid- 
neys. One view is that we have a simple chemical or physicochemical 
equilibrium between blood and bone, the blood being commonly super- 
saturated with respect to calcium phosphate and carbonate, with cartilage 
possessing a certain selective action. Another view is that calcification in- 
volves an active chemical process in the bone cells, such as the liberation 
> of inorganic phosphate from organic phosphates through the action, of 
phosphatase. The subject of calcification is discussed further in Chapter 9. 

Calcium Requirement. The recommendation of the National Re- 
search Council is 0.8 g. per day for adults. There is a rather wade zone of 
calcium intakes over which different individuals can maintain or approxi- 
mate equilibrium; adaptation to lower intakes has also been demon- 
strated. The question has even been raised whether or not the adult 
human male requires dietary calcium. 6 Sherman found 16 per cent of 
American dietaries to fall below 0 45 g. The growing child requires con- 
siderably more calcium than the adult. Similarly increased amounts are 
needed by women during pregnancy and lactation. Otherwise a negative 
balance for calcium may result and the drain upon the calcium of the 
bones of the mother becomes excessive Because of the large store of 
calcium in the bones the adult does not suffer so soon from calcium de- 
privation as the child. A lactating cow may lose as much as 20 per cent 
of its total supply of calcium without seriously interfering with milk 


* Ucsr<ted, Mewcoco, and Cal taros’ J. Stitnuon, 46, IS1 (IQ52), 
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th JWk °S of supreme importance in maintaining n P ropcr f ^‘“ m '"rt of 
the diet Even child should receive along with other foods 9 
mdh (containing about 1 1 g calcium) each dav 
supplying calcium, because of its high content of calcium, t 
form m which this is pre^nt (utilization about 30 per cent) d ^ 
milk has otherwise a high nutritive value Milk contains abou - 
of calcium per 100 g , cottage cheese contains about 100 mg W ^ 
foo<ls, eggs are useful, containing 70 mg per cent, mamlv in t > ’ 

are aho green v egetables cabbage or lettuce supply about 4o mg F * 
cent of calcium Some green vegetable*, like spinach, thoug g ^ 

calcium, are not «o «ati«fac»on , since much of their calcium h ^ 

oxalate and is not readdv utilized by the bod> In Mrtain foods, 
gome cereals the presence of phv tic acid (inositol hcxapho«pho 
impede* calcium and magnesium absorption since thl lf ub<5 „ n ^ be 

an insoluble compound with calcium and magnesium This eHcct «» 
readdv overcome by adding calcium carbonate to the diet, as for exa y 
by incorporation into bread Bread has about 30 mg per cent of ca c 
and meat on the av erage about 10 The utilization of calcium is imp 
b> vitamin D, an adequate supplj of which should therefore beinsureo ^ 
The subject of calcium excretion has been discussed in Chapter 
Most of the excreted calcium is found m the fecto This fecal calcium P ' 
sumably represents unab'orbed dietary calcium There is an intes ^ 
excretion of calcium which maj amount to 0 5 g or more per dav, 
if not all of this appears to be reabsorbed The manv factors which the 
ence the absorption and excretion of calcium hav e led c omc to dou 
•validity of calcium balance studies as an index to calcium requirem 
unless the«e various factors can be subjected to rigorous control 
The unnarv output of calcium depends upon the nature of the die 
averages about 0 1 to 05 g per daj for normal adults 


PIIOSPHORLS 

Since the greater part of the pho~phorus of the body is associated wdh 
calcium in bone the metabolism of these two elements is to a conside 
extent parallel and follows that of the osseous tissues Phosphorus ^ 
e\ er is abundant also in manj of the softer tisrues of the bodv an 
manj important roles in life processes Through the intermediary 
tion of lecithins it is concerned with fat metabolism. Through the ° ^ 

tion of hexo«epho~phates of adenyhc acid and of creatme phosp ^ 
plaj s a primary role m the carbobj drate metabolism of animals a3 
in fermentation prof e*-e» Phosphates play a role w the neutrality c 
lation of the orgam«m («*ee p 818) They are concerned with the a 
tion of ‘••ugars from the mtestme and the reabsorption of glucose w 



Chap. 34 


Inorganic Metabolism 


1091 


kidney tubules. Phosphorus is a constituent of the phospliolipidcs present 
in all tissues and which are especially abundant in nervous tissues. It is 
present in nucleoproteins of the chromatin material of cells and in phos- 
phoprotcins such as casein. It has been suggested that most of the phos- 
phorus, as well as the fat of milk, arises from the lecithin of the blood of 
the lactating animal. 

Many studies of phosphorus metabolism have been made using radio- 
active phosphorus; this isotope also has some use in the treatment of 
disease (see p. 38S). The important conclusions regarding phosphorus in 
its relation to bone and teeth formation which have resulted from tho use 
of radioactive phosphorus have been presented in Chapter 9 For a further 
discussion of phosphorus in its relation to calcium metabolism and vita- 
min D, see Chapter 35. 

Phosphorus Requirement. The National Research Council states 
that the daily phosphorus allowance for children and for women during 
pregnancy and lactation should be fully equal to the calcium allowance. 
The allowance for other adults should be 50 per cent higher than the 
calcium allowance (see Table, p. 110S). Four per cent of American dietaries 
have been found to fall below the minimum phosphorus requirement, the 
danger of deficiency being less than in the case of calcium, and yet a 
matter of some concern. The phosphorus content of the diet is most 
readily maintained at a proper level through the liberal use of milk, a 
quart of milk a day containing 0.88 g. of phosphorus being recommended 
for children. In addition to milk (93 mg. of phosphorus per 100 g.) good 
sources of phosphorus are meat (average 175 mg. per cent), eggs (180 
mg), cheddar cheese (610 mg.), nuts (400 mg.), whole cereals (as whole 
wheat, 375 mg.), while white flour and polished rice are much lower in 
phosphorus (about 90 mg.). The phosphorus in the bran of cereals (phytic 
acid) is utilized with some difficulty but, in general, the form of phos- 
phorus in the diet is of little practical importance since in any case, as 
the result of the digestive processes, the phosphorus is absorbed in inor- 
" game form. Too high a ratio of calcium to phosphorus in the diet, how- 
ever, is unfavorable to phosphorus absorption. A diet high in beryllium or 
strontium also hinders phosphorus absorption and gives rise to a form of 
rickets. 

MAGNESIUM 

Magnesium is an indispensable constituent of all living cells. The daily 
requirement for magnesium has been estimated to be about 0 43 g for 
adults. Magnesium is present in such amount in plant foods and in meat 
that there is little possibility of the diet being inadequate with regard to 
this element. 

About 71 per cent of the magnesium of the body is present in the bones. 
In muscle magnesium exceeds calcium in amount. In blood, where the 
reverse is true, the magnesium content is very constant. This is true also 
of the body as a whole, the concentration of magnesium remaining con- 
stant at about 0 045 per cent during growth, whereas calcium and phos- 
phorus tend to increase in percentage. Excessive intake of magnesium 
gives rise to an increased excretion of calcium in the urine, and vice versa 

Like calcium, magnesium depresses nervous irritability, but to a greater 
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extent A levet of magnesium in the Wood of 

anesthe-ia, apparently by action on , the ^ u m ions are 
injections of calcium salts have a wake 6 rtnrticularly those con- 
necessary for the action of many enzyme systems, particula J 
eerned in carbohydrate and fat metabohsm m musd. and other ^ 
The mode of action of the magnesium ion in these instances 1 ^^^ the 
Magnesium ions inhibit the activity o a c , ^ted that this 

enzyme which splits phosphate from ATP. It lias been sugg 

may he related to magnesium anesthesia. , h ave been fed 

Diets extremely low in magnesium (1.8 parts per m hon) 
to young rats; under these conditions serum magnesium drops to 
per cent and there is marked vasodilation and h>Tjej Uh,M 5 l^ I 
to tetany and death. There is a nse of cholesterol of the blooa ^ 
corresponding decrease in free fatty acids, perhaps ^ f the 

turbed metabolism of fat. There is also a marked de < ta c dcatio 
skeleton which recalls the fact that gra-s tetany of cattle l- 


with a low magnesium content of the blood nutritional 

Intestinal absorption of magnesium salts does not pre ent a 
problem because of the relative solubility of the magnesium sa , j n 

abundance in the diet The excretion of magnesium has been di . 
Chapter 28. The action of magnesium sulfate in the duodenum ^ 
about emptying of the gallbladder is employed in clinical diagn - 
therapy. 

IRON 


Iron exists in the body chiefly in the heme portion of the hemoglobin 
the red blood cells It is also found, however, in plasma in com'""" _ 

with f-erum globulin and as an indispensable constituent of various 
tion-reduction enzymes essential for the life of cells in general. Among ^ 
heme-containing enzymes are catalase, peroxidase, the cytochrom * ^ 
cytochrome oxidase, and probably others. The action of these enzj 
inliibHcd by cyanide, which apparently combines with the ^ r . on '— * t j n 
also found in the liv er in the form of a compound called ferritin. * j ar 

is an iron-containing protein, the protein portion of w hich has a mo 
weight of about .">00,000, and the iron is considered to be present m ■ 
form of colloidal Fe(OH)j interspaced m the crystal lattice of the pm 
The full significance of femtm in nutrition remains to be elucuiat 
Young animals (of all species so far studied) placed on a pure 
diet at the time of weaning develop a severe anemia. Addition of P ur ^ -£ 
iron salts alone to the diet does not cure the condition, but 
supplemented with very small amounts of copper salts It is well 
lished that the animal organism cannot con\ ert the iron of the d*e ^ 
hemoglobin unless very small amounts of copper are also present. 
are a few instances in the literature where this has also been demon- 
in the case of human nutritional anemia In the majority ot i fte 
nutritional anemias, flow ever, a copper deficiency does not exist an 
anemia is due simply to iron deficiency These nutritional anemias are ^ 
to lie confused with the anemia of folir ai id deficiency (see Chapter • J ' ^ 

with pernicious anemia or other anemias due to increased blood des 
lion or disturbances of the blood-forming orirans 


Chip. 34 


Inorganic Metabomsu 


1093 


Iron Requirement. The recommended daily allowance of iron as 
given by the National Research Council is 12 mg. per day for adults (15 
mg. per da}” in pregnancy), and 6 to 13 mg per day for children, depend- 
ing upon age. It has been estimated that for infants 0.5 mg. per kg. body 
weight per day is nccessarj' to insure retention of iron. The form of the 
iron in the diet must also be considered. Anemia due to iron deficiency is 
not uncommon in women and preschool children. Hence general adequacy 
of this clement in the diet cannot be assumed. Infants are bom with a 
high level of hemoglobin iron and with an additional iron reserve in their 
livers which is later used for hemoglobin formation to supplement the low 
iron content of their milk diet. If continued beyond the normal lactation 
period such a diet leads to the development of a nutritional anemia. 
Children ordinarily require supplementary iron-containing foods by the 
time they are one 3'ear old. There is some evidence that the administration 
of iron to normal children and young adults, or increasing the iron intake 
above the usual levels by other means, will consistently produce a slight 
but significant (about 10 per cent) increase in the blood hemoglobin 
content. 

Milk contains from 0 07 to 0.1 mg. iron per 100 g. This small amount 
of iron appears to exist in a readily assimilable form. Most foods appear to 
contain two forms of iron: heme iron which is not utilizable and nonheme 
forms which are available. Metallic iron or any of the ordinary iron salts 
may be used to supply iron. It has been shown 7 that under certain con- 
ditions ferrous compounds are somewhat better utilized than ferric com- 
pounds. Eggs contain 3 mg. iron per 100 g. of food, all of the iron being 
available. Lean muscle meats contain about the same amount, 50 per cent 
of which is available. Beef liver or heart contain about S mg. per cent of 
iron, about 60 per cent of which is available. Spinach contains about 3 G 
mg. iron but like the iron of blood, alfalfa, and oysters this appears to be 
less than 25 per cent available. The minimum amount of iron which must 
be added to milk for maximum hemoglobin regeneration is said to be 
0 0007 per cent. 

The absorption and excretion of iron have been the object of much 
study. Relatively little is known about the mechanism of iron absorption, 
but it is known for example that the action of copper in promoting iron 
utilization is not related to iron absorption. There is some indication that 
the absorption of iron may be influenced by the state of the body iron 
stores Studies with radioactive iron have shown that iron may be ab- 
sorbed very rapidly, appearing in the red blood cells in about four hours. 
However it takes about a week for the complete conversion of absorbed 
won into hemoglobin. 

Very little iron is ever excreted Only 1 to 3 mg. per day is found in the 
urine, with more in the feces, but this latter probably represents for the 
most part unabsorbed iron of the diet. Iron split off from the hemoglobin 
of the red cells after their destruction appears to be retained within the 
body and used over again. The chief need for iron appears to arise in 
infants on a milk diet, or in others after blood loss as by hemorrhage or 
during m enstruation. 

1 Moore, Dubach, Minnich. and Roberta: J. Cl\n. Intesl , 23. 755 (1944). 
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COPPER 

was in connection with the conttmon of d.etap iron to nem ^ ^ 
tlcHTlbed on p 1092 Since that time copper and ascorbic 
essential component of certain enzymes such as lyrosma . e an ^ 
acid oxidase and a copper containing protein (hemocup ) diet 

csolated from animal Mood Animals placed on a copper-dctici 

soon lo-e weight and die but death is not due to the concomitant a 

since an equally intense anemia due to simple lr °" de^c ienty. , 5 ^ 
maintained for a long time Thus copper is an essential elem ha ,e 

animal bodj but the precise role still if oTcertlm omda 

demonstrated that copper is associated with the actmtj of certain 
tion reduction enzy mes m tissues , n f or an 

The amounts of copper required per day are extremely small, > 
adult onlj about 1 to 2 mg whereas a child requires only 0 Oo g 

kg of body weight The adult human body contains about 0 lg ; of ^PP ^ 

Capper appears generally to 1 e present in the ordinary ro ™ “ , s 
adequate amounts so that the possibility of a copper defici 
limited Perhaps because of thus fact there ha\e been relative y 
demonstrations of copper deficient in man 


IODINE of 

The adult human bod} contains about 2o mg iodine about 
which is in the thyroid The daily allowance recommended by tn 
tional Research Council ls about 0 003 mg per kg body weigh 
needed for the production of thyroxine and a deficiency leads t 
condition of simple goiter Ocean water is relatively nch in * u 
as is al«o the dust formed in the atmosphere from the drying oi ia 
spray which dust is carried inland by the winds where the rams i d!S« 
it and carry it into the soil which thus becomes enriched with i 
\\ bere the distances from the sea are greater or mountain barriers 1 ^ 

\enc this does not occur at the same time iodine is being leached o ^ 
the soil which thus becomes low in iodine In such regions including ^ 
Great Lakes region and the Mpine regions of Furope the vegetable 
grown in the iodine poor soil are poor in iodine as is also the dnn 
water and goiter is precalent In Japan goiter is very rare m 
because of the use in the diet of seaweed which is very high in 100 ^ ^ 
Sea foods such as f sh and oysters are nch in iodine Good sources are ® ^ 
\cgctal les from sea coast distnets Fair amounts are also found m 
fat of milk In goiter regions howev er such foods should not be depe ^ 
upon but should lie supplemented with potassium iodide A few drop 
10 per cent iodide solution given every two weeks would £?' cr mOF t 
requirement s nee some storage of ingested iodine occurs The 

*f Itm Copprr JfrfuWun Balt more Join* Hoplaiu Ln »fn ty Ptms 19-zO M» r - 
/A y*uJ fim « tf (19 •>) 
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satisfactor) r method for insuring an adequate intake of iodine without 
danger of overdosage is to use table salt to which has been added one part 
per 100,000 of iodine as sodium iodide. Such salt is widely sold. Care must 
be taken in the administration of iodine to persons with hyperactive 
thyroids Studies with radioactive iodine indicate that this element is 
rapidly taken up from the blood by the thyroid gland, with significant 
differences in this respect between normal, hyperthyroid, and hypothy- 
roid individuals (see also p. 9S3). Iodides also appear to be selectively 
concentrated and excreted by the salivary glands in man. 

Variations in the iodine content of the blood show a relation to thyroid 
disease, but the results obtained are somewhat irregular. The normal 
range of serum iodine content is from 5 to 12 ^g. per 100 ml. About 85 
per cent of the serum iodine is bound to proteins, chiefly albumin. This 
constitutes the protein-bound iodine of the serum, the concentration of 
which, is of diagnostic value regarding the level of thyroid function. 9 
The normal level of serum protein-bound iodine is from 4 to 8 pg. per 
cent. A thyroid hyperplasia has been produced in rabbits by feeding 
cabbage. Various synthetic compounds arc known, such as thiouracil 
and thiourea (see pp. 771-2) which exert a specific depressing effect on 
thyroid secretion and have proved useful in the treatment, of thyroid 
disease. 

SULFUR 

Strictly speaking the metabolism of sulfur does not come under the 
head of inorganic metabolism, since only an insignificant part of the sulfur 
ingested is in inorganic form, by far the greatest proportion being com- 
bined in protein molecules as the amino acids cystine and methionine. 
Proteins of foods vary in sulfur content from 0 4 to 1.6 per cent, with an 
average of about 1 per cent. The sulfur-containing amino acids and their 
metabolism are discussed in Chapter 33. 

The end product of sulfur metabolism is taurine or sulfuric acid; the 
latter is either immediately neutralized and excreted as inorganic sulfate in 
the urine or may be first conjugated with phenol, glucuronic acid, or 
indoxyl. On the average, about 1.0 g. sulfur is excreted daily in the urine. 

Certain sulfur compounds have important biological interest, e.g., thio- 
cyanate in saliva and other fluids, taurocholic acid in bile, ergothioneine 
of the blood corpuscles, and glutathione present in all cells and con- 
cerned with oxidation processes These substances are discussed elsewhere 
in this book, as are also the properties and metabolism of the sulfur- 
containing amino acids and the various forms of urinary sulfur. 

MANGANESE 

There is considerable evidence that manganese in small amounts is a 
dietary essential. Rats placed on a manganese-deficient diet show a retar- 
dation of growth and reproductive failure in both male and female. The 
arginase activity of the liver of the manganese-deficient rat is loner than 
normal; in vitro addition of manganese ions restores the enzymatic ac- 

» Salter, Bassett, ant* Sappmgtou. Am J. 3 fed .Set , 202, 527 (1041). 
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tlUt} other .sowed enr>me ,j stems ..re kmmn to Ik ^ « ct ‘'“ , " 1 k ' ,5 a 

gested that the dad} diet of children should proude from 0 2 to 0 
manganese per kg of bodj weight 
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Fluonne Huonne » found u.delj d.str.tmtcd ... an.mol . and pl#»‘ 
tissues m \cr} email concentration When added to the diet i 
amount it is excreted m proportion to the intake Imh\ idin ^ m an nn 
diet containing no added fluorine excrete about 0 3 to 0 . mg per > 
this prcsumablj represents the amount ordmardj pre-cnt in t « q 
I n certain parts of the world the soil contains Miffiucnt frohiblc flu0 . 
that the dnnking water, and food grown on the soil contain cn han 
amounts of fluonne relative to other localities Individuals ‘ » 

communities are prone to dec el op “mottled enamel (dental Hi 0 » 

an unsiglitlj condition of the teeth At the same time the incidence 
dental canes in thc*>e communities is in general much lower than 
where The concentration of fluonne m water claimed to be effect i\ 
the prevention of caries approximate!} I p p m is said to he below 
level which will cause dental fluorosis \ fluonne lc\ el of 0 p p m nPP 
ently has no harmful effects on the hones 1 he fluoride ion in Mgnilic 
concentration (0 01 M) is an enz} matic poison for tissues and won i 
gaits are used commercial!} as ingredients of animal poisons (lor a * 


ther discussion of fluorine see Chapter 9 ) . 

Cobalt Cobalt is present in plant and animal tissues m small amoun » 
and there is conclusive evidence that it is an essential element in anim 
nutrition It is present in \itamm B,i (see p 1209) Certain disca s cs o 
cattle and Bheep ha\e been attributed to a cobalt deficienc} , and respon 
to cobalt therapy In cattle cobalt dietary dcficienc} is accompanie y 
a microcytic hypochromic anemia rapid loss of weight absence of 
abortion, and low milk yield In the case of sheep disease the coba 
effective orally but not when injected It has been shown that co a 
increases the synthesis of vitamins Bg and B» in the rumen of 8 
The administration of cobalt salts to rats and rabbits produces a mar e 
polycythemia the reason is not known Studies with radioactive coba 
indicate that absorption and elimination take place rapidly, with t 
kidney the mam channel of excretion n 

Zinc There is definite evidence that zinc is an essential element i^ 
animal nutrition Rats on a diet low in zinc show a marked delaj * ^ 
intestinal absorption and a retarded grow th rate Zinc is a constituent 
highly purified carbonic anhydrase the enzyme important in the forma 
tion and decomposition of carbonic acid (see pp 3G2 and G8o) The zi 
content of carbonic anhydrase is about 0 2 to 0 3 per cent l e \ ery simi a 
to the iron content of hemoglobin (0 34 per cent) Zinc is also a constituen 
of crystalline (but not of amorphous) insulin 3\ bother zinc plaj s an} sig 
nificant role in connection with the action of insulin or carbonic anhydra 
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is not known, nor has any specific function been ascribed to zinc in animal 
nutrition. Hon ever, zinc is said to enhance the action of the follicle- 
stimulating hormone (FSII) and of the luteinizing hormone (LH) of the 
anterior pituitary. 

Truce Elements. Various other elements found in traces in biological 
material are of uncertain significance. Aluminum has a wide distribution 
in animals and plants but is not known to be essential, nor does any 
aluminum added to food during cooking in aluminum utensils have any 
demonstrable effect on nutrition. However, it has been demonstrated 10 
that female albino rats fed biscuits made with a tartrate baking pow'der 
gave evidence of a distinct nutritional advantage over rats from the same 
litter which were fed biscuits made with an alum baking powder. This 
advantage was apparent from the standpoint of reproduction as well as 
from that of growth. 

Boron is essential for plants but apparently has no significance in ani- 
mal nutrition. The position of arsenic as a trace element is debatable. 
Silicon is found in plant and animal tissues but its function is unknown. 
Bromine has no normal or pathological significance aside from its known 
pharmacological effects. Selenium may be taken up by plants and thus 
become transferred to animals where it has a to vie effect which is counter- 
acted by methionine. Molybdenum is an essential component of the 
enzyme xanthine oxidase. 

Acid-forming and Base-forming Foods. Certain foods, such as 
vegetables and fruits, on burning outside or inside the body leave an ash 
or residue in w’hich the basic elements (sodium, potassium, calcium, and 
magnesium) predominate; whereas cereals, meat, and fish foods leave an 
ash in which the acid-forming elements (chlorine, phosphorus, and sulfur) 
predominate. Such foods are spoken of as base-forming and acid-forming 
foods, respectively, and w'ifl influence the acid-base balance of the body 
and the acidity of the urine. Sulfur, w’hile present in foods chiefly in neu- 
tral form in the sulfurized amino acids, is oxidized in the body to yield 
sulfuric acid and is hence an acid-forming element. High-protein foods 
are hence generally acid-forming. On the other hand, the citrus fruits 
contain citric acid and acid potassium citrate, the citrate radicals of which 
are completely metabolized in the body like carbohydrate, leaving behind 
potassium, which is one of the bases of the body (see p 10S4). Hence many 
“acid” fruits are base-forming Grape juice is much less effective than 
orange juice in reducing urine acidity because the tartaric acid it contains 
is not completely oxidized but is eliminated to a certain extent in the 
Urine as such Prunes, plums, and cranberries contain quinic acid. This is 
excreted in the urine chiefly in the form of hippuric acid (a conjugate of 
benzoic acid and glycine) which increases the acidity of the urine. With 
the exception of foods containing incompletely oxidizable organic acids, 
the acid-forming or base-forming value of foods may be calculated by 
obtaining the differences between the equivalents of normal acid, calcu- 
lated from the content of sulfur, chlorine, and phosphorus (considering 


“Hawk. H al - Unpublished For abstract eeo Philip B Hawk and Collaborators: 
Researches and Writings Published privately. I£M2. 
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phosphoric acid as divalent) “"d °f non™' table of the 

content of sodium, potassium, calcium, and S olmJ in Appendix IV. 
add- or base-forming value o various food, " ' * ^her t ego- 
Through the use of considerable amounts of Ppjatoc . dit 0 f 

tables or of fruits such as oranges, i is ‘ P°*’** 1 1 ® nturally reduction in the 
the urine markedly or even to make it alkalin . s > ^ o{ ur ; nary 

amount of acid-forming foods lias a similar tend _ >• , Kcduction in 
acidity above the usual levels ,s therein 

the acidity of tlic unne by increasing the solubil ty ol nnc 
may reduce a tendency to formation o nnc acid ealcullintheurm^ 
bladder. A certain balance between ac.d-form.ng and ^™”® undo 
may be otherwise desirable, since too much aeld-fom.ng fowl « 
certain circumstances be a dram upon the fixed base ol t he body. 1 
nately, however, the body has ordinarily a marked a b. lit >‘° P d 

itself from excess acid formation, through ammonia production a 

other ways It is not clear, therefore, that a harmful effect us lj™ 5 d 

a preponderance of acid-forming foods provided mineral, Mtam 
other dietary rectuircmcnts arc met 

experiments on inorganic metabolism 

I. Salt-tree Diet. The ctlcct ul a unit-deficient diet upon the mctaliotio pron*^ 
h reflected in the composition of the urine as shown by the following c p 

Procedure. Ingest an ordinary mixed diet containing an ample " a,t ^°"ych 
for a period of two days. Follow this period by the ingestion of a diet ^ 

has had Its salt content reduced to a very low value Sugar and oil ^ 

nonsalted butter may supply the bulk of the calorific part of t 
dialyzed egg white or casein or commercial protein preparations, e.*., v* 
mon, gluten, or glidme may supply the protein. Ingest such a die for 

days. (This is an acid-forming diet, p. 1097.) Collect the urine and analy 
chloride, titratable acidity, ammonia, and total nitrogen. Compa was 
data from the normal days with those obtained when the salt-free at 
Ingested, 

2. Salt-rich Diet. On an ordinary mixed diet a normal adult will daily ^ 
10-15 g of chloride, expressed as sodium chlonde, in the unne On a salt-free 
excretion decreases, whereas if the diet contains an excessive quantity of 80 
chlonde thi 3 excess w ill be promptly excreted in the unne N ormal feces contain ^ 
little sodium chlonde even after excessive sodium chloride ingestion (see -*P 
below) 


Experiment. Ingest an ordinary mixed diet for two days. On each o 
following two days take a similar diet plus a weighed amount j n 

of sodium chloride In divided doses. Collect the urine for the four aj ge 
24-hr. samples, preserve and analyze for sodium chloride (for methods 
955). What proportion of the added chloride was recovered? 

3. Inorganic Elements in the Feces. The salts of sodium and potassium * re a ^ 
most completely absorbed from the intestine Hence the alkali metals and chlon 
excreted mainly in the unne and are found only in \ ery small amounts in e . 
even when large amounts are ingested With calcium, magnesium, iron, an P^j 
phate, conditions are different Ordinarily about 90 per cent of ingested ca ciu 
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ov er half of the magnesium are eliminated by way of the feces From 20 to 30 per cent 
of the phosphorus ingested is usually found m the feces 

Experiment (a) Ingest for a period of three days on ordinary mixed diet 
without added salt and containing no milk Separate the feces for the period 
(see p 1046) and retain a portion of the well-mixed feces for analysis 

(b) Proceed as above with the exception that there is added to the mixed 
diet 10 g of common salt and a quart of milk (containing about 1 1 g Ca, 
0 1 g Mg, 1 4 g chloride expressed as sodium chloride, and 1 0 g P) Mix 
the feces well and reseme part for analysis 

AhhlOg samples of the feces from the above diets Dissolve with the aid of a 
little dilute nitric acid, filter, and make up to 100 ml Determine In aliquot 
portions of this solution (1) Chlorides (2) Calcium and magnesium (3) 
Phosphorus (For details of analytical methods see Chapter 31 ) Calculate 
the percentages of the added Ca, Mg, P, and Cl which are recovered from the 
feces 

For a more detailed study of chloride excretion combine this experiment 
and Exp 2, above 

4 “ Alkaline Tide ” For a time after a meal the normal acid reaction of the urine 
may be changed to neutral or alkaline This has been explained as due to the produc 
tion of a temporary alkalosis because of the secretion of the acid gastric juice The 
presence of an alkaline tide has been used as an indication of the secretion of hydro- 
chloric acid in the stomach in cases w here it w as desirable to a\ oid passing the stomach 
tube The urinary ammonia excretion may also sene a similar purpose 

Experiment Ingest an ordinary mixed diet Urinate just before dinner and 
note the reaction of the urine to litmus If acid, determine the hydrogen ion 
concentration by the method given on p 871 (If alkaline, discard the urine 
and make the test on another day ) After eating a heavy dinner (meats) 
collect the urine at intervals of half an hour and take the reaction to litmus 
and determine the hydrogen-ion concentration as before Did your urine 
change In reaction after the meal and if so how long a period elapsed between 
the meal and the occurrence of the maximum change in reaction ? , 

5 Hydrogen-ion Concentration of the Urine as Influenced by the Ingestion 
of Acid forming and Base formtng Foods It has been demonstrated that vege- 
tables and fruits, on burning leave an ash m w hich the basic elements (sodium, potas 
smm, calcium, and magnesium) predominate whereas cereals meats, and fish foods 
leave an ash in which the acid forming elements (chlorine, sulfur, and phosphorus) 
predominate 

The acid or base-forming potentialities of various foods are given in the Appen 
dix Potatoes, oranges, raisms, apples bananas, and cantaloupes are important ba re- 
forming foods Among the most important acid forming foods are found nee, whole- 
wheat bread, oatmeal meats, and eggs Certain fruits, e g , cranberries, primes and 
plums, y leld a baric ash but are acid forming foods For further discursion ree p 1097 

On a mixed diet the hydrogen ion concentration of the unne has been found to 
average about pH GO Base-forming foods decrease the acidity and the ammonia 
content of the urine, while acid forming foods have the reverse effect 

Experiment Ingest a uniform diet consisting of milk, crackers, butter, pea- 
nut butter, and water in desired quantities for a period of three days Follow 
this by a period of six days during the first three of which considerable quan- 
tities of acid-forming foods (see Appendix) are added to the diet. During the 



1100 


Practical Physiological Chemistry 


Chap 3i 


_.i of the period (days four to six) add an abundance of base forming 
foods to the diet Distilled water should be used for drinking purposes 
uniform volume should be Ingested daily Collect the H. 
periods preserve, and analyze for hydrogen ion concentration, til an 
acidity, and ammonia (for methods see Chapter 31) Compare y 
with those tabulated In the table below 


Reaction or Urine as Influenced by Diet 11 
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Basal 

1 

S 

. 


5 

6 









Batal Diet . 

No t Flat 





Bat'll Dirt No 1 riut 



Determi- ' 


Baked 


Cranberry 

Bread * 


Cant alow * 


5 

5 

[>ot aloes 
(7o0 E- 
per day) 
i (6 daya) 

<210 % 
per day) 

(4 day.) 

sauce 

(300-600 e. 
per day) 

(6 daya) 

(whole 

wheat) 

450 e 
(1 day) 

(330-5..0 £ 
per day) 

(3 days) 

(260K 
per day) 

(5 days) 


■ 

m 


| 7 48-6 00 

6 30-5 70 

6 80 

6 30-4 80 ' 

5 30-7 38 


1 

■ 


mm 

6 19 | 

day 6 90) 

5 07 

6 70 

TtratsHi 
■td ty 
(ml. 01 N 

275 

) 

474 

196-216 

160-297 

391-488 

350 

(Previous 
day 297) 

570-540-578 

466-250 

203 

233 

407 

563 

328 

Am non s 



0 221-0 24! 

i 0 166-0 251 

0 219-0 391 

0 280 
(Previous 

day 0 251) 

0 602-0 729 

0 513-0 220 


'1 1 

0 238 

0 108 

0 30o 

0 654 

0 31 


6 Hydrogen ion Concentration of the Urine as Influenced by Alkali Inge 
don The ingestion of certain organic salts of the alkalies e g , sodium citrate an ^ 
sodium bicarl onate causes an increase in the pH of the unne The ingestion of aci 
(cither organic or inorganic) or acid salts e g sodium dihydrogen phosphate decreases 
the pH of the unne The alkalies arc much more effective m producing changes i in 
reaction than are the acids The influence of ingested alkali (sodium bicarbonate; 
shown in the table on p 1 101 containing data submitted by Henderson and Palme ^ 
IMatherw lek reported a decrease m ammonia nitrogen output from 0 2o6 E 
0 072 g and accompanying decreased acidity under the influence of bicarbona 
ingestion (2o g in two days) 
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iNFLUFNCt OF InCESTFD SoDICM BICARBONATE ON HfDROGEWOY 

Concentration of Urine 


Experiment 

Number 

Sodium 

Bicar- 

bonate, 

Grams 

pH before 
Bicar- 
bonate 
Ingestion 

7 tme of Collection of Specimen of XJnne and pH 

1100 

a sr 

12 00 
Noon 

1 00 

P3I 

2 00 
pst 

3 00 

P SL 

1 

4 

7 40 

8 30 

7 48 

7 48 

7 40 

5 85 

2 

8 

5 40 

8 50 

8 30 

6 50 

G 50 

7 40 

3 

12 

5 30 

8 70 

8 70 

8 70 

8 70 

8 70 

4 

8 

7 40 

8 50 

8 70 

8 50 

8 50 

8 50 

5 

8 

5 85 



8 70 

S 70 

8 30 

G 

8 

6 70 

7 48 

8 70 

8 50 

8 70 

8 50 


periods and analyze it for titratable acidltj , hj drogen-ion concentration, and 
ammonia Compare your results with those shown in table above 

If desired, the bicarbonate maj be given In one dose of 8 to 12 g. and the 
urine collected in hourlj specimens for the next 5 hours and each specimen 
analyzed. Data from such experiments are shown In table above 

7. Influence of Calcium Deficiency. A demonstration of the harmful effect fol- 
lowing the elimination of calcium from the diet maj readilj be made if the diets listed 
below be fed to young white rats 

Procedure. Place two young white rats (40 60 g.) in separate cages and feed 
the diets given In the following table. Make frequent body-weight deter- 
minations The rat receiving Diet 2 will show normal growth. The rat re- 
ceiving Diet 1 will fail to show normal gains m weight. This diet is deficient In 
calcium See Figs 269 and 270 



Diet 1 

Diet 2 

Beef Iner (steamed and dried) 

Per Cent 
20 0 

Per Cent 
20 0 

Casein 

10 0 

10 0 

NaCl 

1 0 

1 0 

KC1 

1 0 

1 0 

CaCO, 

0 0 

1 5 

Dextrin or starch 

65 0 

63 5 

Butter fat 

3 0 

3 0 


8 Influence of Ultraviolet Radiation on Inorganic Metabolism. Ultra\ lolet 
radiation has calcium -depositing properties See p 124S 

Procedure Place three young white rats (litter mates) weighing 50-60 g , in 
individual cages, and supply ad lib a rachitogenic diet such as described In 
Chapter 35. Keep the rats in a dark or dimly lit room, but subject one to an 
hour’s exposure to direct sunlight at about noon each day, and expose an- 
other to 1 minute’s irradiation at a distance of 2 feet from an ultraviolet 
lamp After 4 weeks examine the leg bones roentgenographlcally or by the 
line test (see p. 1265), and perform bone ash analyses on the dried, fat-free 
bones. 
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9. Influence of Iron and Copper Deficiency." The anemia caused by the inges- 
tion of milk as the sole article of diet may be cured by the addition of an iron (and 
copper) supplement 

Procedure. Place three young white rats (litter mates) on a milk diet and 
perform hemoglobin determinations weekly on blood obtained by clipping 
off the tips of the tails. After the hemoglobin has dropped to half its original 
value, feed one rat a dally supplement of 0 25 mg. of Fe (as ferric chloride) 
and another rat 0.25 mg. of Fe (as ferric chloride) and 0.05 mg. of Cu (as 
copper sulfate). Continue the third animal on the original milk diet without 
Fe or Cu supplement. Continue weekly determinations and compare the 
condition of the three animals, noting especially the color of the tails, ears, 
and eyes. 
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In 1881 Lunin, a pupil of Bunge, recognized that a diet consisting J 
of punfied protein, carbohydrate, fat, and minerals Mould not sustain 
When such diets were supplemented with certain natural foods, 
milk, normal growth and well-being of the experimental animals were r 
stored These findings were in accord with earlier demonstrations oi 
curatnc -value of citrus fruit juices in scurvy, a disease contracted t>y » 
ors, soldiers prisoners, and others who subsisted on limited tare n J 
also coincided with observations by the Dutch physician Eijkmann 
1897 that beriberi or polyneuritis, a disease resulting from the P ro ' on V , 
consumption of polished ncc, could be cured by supplementing t c 
with nee polishings or extracts thereof These and similar studies sugg 
mg the presence of indispensable substances in natural foods were brougni 
to a head by Hopkins (1912) who called them “accessory food factors 
The work of Osborne and Mendel and of McCollum (1913) estabusne 
beyond doubt the presence of these factors in milk Funk (1912) intro- 
duced the term mlamine in the belief that he had isolated one of the 
factors and established that it possessed the properties of an amine 
final e has since been dropped inasmuch as these substances as a class 


arc not related to amines 

A vitamin is a potent organic compound, occurring in minute propor- 
tions in natural foods, which must be available to the animal organism 
from the diet or other sources in order that a specific metabolic process 
or reaction may proceed normally The “other sources” referred to in tni- 
definition arc, for example, ultraviolet irradiation of precursors of vitamin 
D in the 8km or bacterial synthesis of certain vitamins of the B group m 
the intestinal tract iinlike ammo acids vitamins do not enter into tn 
tissue structure Vitamins are exogenous, hormones endogenous Com- 
pounds which may be vitamins for some species may be synthesized J 
others and hence behave in effect as hormones 

With the rapid advancement of our knowledge of the chemical consti 
tution of the vitamins, it is not surprising that structurally related chem- 
ical denvatives, both natural and synthetic, should be discovered whic 
exhibit typical physiological activity, though perhaps in varying degree 
For these, the term r ttamern lias been suggested Isaturally occurring 


1 Tl e raj id strides bring made in tl is f rid require that special attention tie paid to ^ 
date of pul liration of material on tl in sut ject Impr rtant books an 1 review articles on 
general subject of vitamins are cited in tl e Bitli grapliy at tl e end of tl w ct apter 
1104 
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vitamin D exists in \anous chemical forms, and u hat was previously 
regarded as vitamin A m plant sources is non know n to consist of various 
carotenoids, principally 0-carotcnc, which function as precursors of the 
vitamin Hence a distinction should be made between t itannn activity , 
which indicates certain specific biological properties, and the utamms 
; per sc, which refer to definite chemical entities, of which there may be 
several exhibiting similar biological activity 

Some Mtamins are characterized by species specificity, le, they are 
required by certain species of animals and not by others Tor example, 
vitamin C is necessary in the diet of man, guinea pigs, and monkeys, but 
dogs, rats, and other species are able to synthesize it Hence for these 
species vitamin C may be regarded as a hormone To a certain extent the 
physiological requirement of various species of animals for vitamins may 
be met by bacterial synthesis in the rumen or intestinal tract This 
process, however, does not signify that these species do not require the 
nutnent in question 

The v ltamms are recognized biologically by their absence rather than 
by their presence, that is, the characteristic symptoms of each vitamin 
deficiency must be produced m order that the effect of the vitamin in ques- 
tion can be demonstrated In addition to (and probably secondary to) 
their role m the prevention of specific deficiency symptoms, each of the 
vitamins participates to a greater or less degree in the promotion of 
growth Our knowledge of the physiological modus operandi of the known 
vitamins is not far advanced It is known, however, that most of the 
vitamins participate in enzymic reactions of a highly complex nature 
Vitamins may be precursors of enzymes, as thiamine is of cocarboxy- 
lase or niacin of coenzymes I and II, or they may be substrates, as vitamin 
A is of rhodopsm 

The condition induced by the absence of a single vitamin from the diet 
is called an avitaminosis , e g , avitaminosis B l? if the deficiency is mul- 
tiple, the term polyavitaminosis is applied Many obser\ ations, particu 
larly on the effect of deficiency or dosage of one vitamin on the storage 
or excretion ol another, suggest the need for balanced proportions of 
certain dietary essentials Until more is known about the specific mecha- 
nism of the action of individual vitamins, however, it will be difficult to 
establish the significance of such interrelationships 

The present list of \ itamins cannot be regarded as complete, but it is 
probable that from the standpoint of human nutrition all the major 
vitamins have been identified The table ^on p 1106 summarizes the 
common names of the v itamins, and their principle t itamers — i e , 
structurally related compounds possessing qualitatively similar activity 
Some question has been raised as to the justification for including choline 
or inositol among v itamins, since such compounds are present m the 
foods in more than trace quantities Nevertheless, they do not form a 
material part of body’ tissue, and functionally they conform to the defini- 
tion of vitamins stated above 

Concurrent with the advances in isolation and identification of the 
vitamins, chemical and physical analytical procedures have been evolved 
for determining the content of almost every vitamin More recently, 
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Vitamin 

Principal Vi 

tamers 

Common A ante P: 

nncipal Synonym * 

Natural 

Synthetic 

\ itatnin A A 

f 

A 

jcerophthol o 

intiophthalmic fac- < 
tor 

» ltainin Ai 

p-, and y Carotene V 
2ryptoxanthinc V 

Vitamin A esters \ 

Pitamin Aj 

Neo-\ itarain A 

itamm A acid 
itamm A ketone 
r itamin A esters 

Thiamine 

V'ltamin Bi 

Ancurtn 

Antmcuntic factor 
Antiberiben factor 

Tlnamine pyrophos A 
pliatc (cocarboxjl- J 
asc) 

Thiamine orthophos- 
phate 

Vitamin Bi disulfide 
Analog with methyl 
group in position 
instead of 2 in p> 
rimidinc ring 

Ribnflav in 

Vitamin B* 

Vitamin G 
i Eacto-, o\ o*, \ erdo-, 
1 or hepatoflavin 

Riboflavin mononu- ’ 
clcotide 

1 Riboflavin dinucleo 
tide 

r-Methyl 9 (d-1'- 

nbityl)-isoalloxa 

zinc 

ft-Mcthyl-9- (d-1'- 

rib ityl)-isoalloxa 

zme 

G-Eth>l-7 methyl 9- 
(0-1' nbityl) isoal 
loxazine 

Niacin 

Nicotinic acid 

1M* factor 
Antipcllagra factor 
Anti hlack tongue 
factor 

1 Niacinamide 

Coenzyme I (DPN) 
Coenzyme II (TPN) ! 
1 N^mcthylmcotin 
i amide 

Coramme 

Esters of niacin 

\itamm 11* 

Pi ridoxine 

I Anti acrodjnia fac 
| tor 

1 Ailcrmin 

Pyridoxal 
- l’yridoxaminc 

Pyridoxal phosphate 


Pantothenic 

acid 

* Cluck antidcrmat 
tii factor 
' I lit rate factor 

l 

Esters 

Ihotm \ itamm II 

1 Skin factor 

' \nti-cRK »lut« i 

j«r> factor 
Urn* II 

Di thiohiotin 

I 

Sulfoxide of biotin 
Inters 

Detlnoluotin 

l*trroilKhit&r 

ftClll 

■ . 1 

me 1 Folic acid Fermentation L case 

1 Anti-anemia factor factor 

| \ itamm It, | I i\cr 1 casei factor 

i Pteroic acid 
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Vtfamm | 

Principal Vitamers 

Common A time 

Principal Synonyms 

Natural 

Synthetic 

p*Atmnobcnzoic 

aeid 

Chromotnchn fac- 
tor 

Vitamin B, 

Anti grnj -hair 
factor 



Vitamin Bi* 

Cobalarain 

Cj anocobalamm 

Vitamin Bjj* 

(= B,. b ) - 
Hydroxocob3 lam in 


Choline 

Smkaiin 

Bdraeunne 

Fagin 

Amamtin 

Methionine -f- cth- 
anolammc 

Betaine -f ethmol- 
amine 

Analog containing 
phosphonis instead 
of nitrogen 
Arsenocholme 

Methj l-<liethv 1 hom 
olog 

Tncthj 1 homologs 

Inositol 

, Bios I 

' Mouse anti alopecia 
factor 

Rat antispectacled 
ej e factor 

Ph> tin 

Soybean cephahn 

Methj 1 inositol 

Inositol hexa acetate 

Ascorbic acid 

Vitamin C 
Antiscorbutic vita 
mm 

Dehj droascorbic acid 

6-Deoxj ascorbic acid 

Tsoascorbic acid 
E-Fucoascorbic acid 

Vitamin D 

\ntirachitic vita- 
min 

Vitamin Ds (Calci 
ferol) 

Vitamin I)j 

"\ losterol (irradiated 
ergostcrol) 

Irradiated 7-dehjdro 
cholesterol 

Irradiated 22-dihj dro 
ergostcrol (D«) 
Irradiated 7-delijdro- 
sitosterol (D») 

«-Tocopherol 

\ itamin E 
Antisterility vita 
min 

Fertility vitamin 

0 and t Tocopherols 
Esters 

Esters 

Analogs ti ith ethj 1 
substituents in 
place of methv ] 

Analog tilth Ml* in 
place of OH 

Vitamin K 

Vitamin Kj 

Phj lloqumone 
Antihemorrhagic v 1 
tamm 

Coagulation v ita 
mm 

Vitamin Kj 

Menadione 

Menadione sodium bi- 
sulfite 

Esters of the h^dro- 
quinone farms 
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J110 1 , R\CTK-AL Pi IYMO UK. I CA! Cm lllSTRT 3 P 

microbiologictl procedures lmxc boon dm eloped (pirtinilarij for the 
TammV rf the B group) bxsed on the propngnt.on of tnnou, baotena, 
j easts, or molds m special media in which one of these iitnm.ns => 

'“The Conditions cmplojed in the nonbiologieal n««nt P r "“hj™’. c ^ 
cmllj in the preliminan extraction or hj droll sis of tl.c ramplw, 
course not necessarilj cquiialent to the conditions to which sue ^ 
maj be subjected in the gastrointestinal tract Therefore l itamm " n 
as determined by chemical analv «-is maj not nlw ay s coincide 
potency as measured by feeding tests Correlation of animal assaj^ 
foods with nonbiological assays suggests that the full contcn , j 

is usually , but not always, biologically active under the . 

conditions employ ed The assessment of v itnmins in foods in terms oiii 
physiological availability for man is a field of investigation which 
more intensive exploration _ 

It is important when using tables of the distribution of ' ,tamu \ t 
foods, such as that presented in Appendix III, to bear in mind that 
of these data are based on assays for total vitamin content rather 
for available xatamin content in the physiological sense For examp l , 
tables spinach, whose “vitamin A” is due to the activity of carot » 
or butterfat, whose “vitamin A” is due to a mixture of carotenes a 
preformed vitamin A, are usually presumed to have been | 

biologically, and whenever possible the interpretation of nonbiologi 
assays is made in the light of existing animal assay data , 

When referring to food-composition tables it must be recognized 1 1 ^ 
uniformity is the exception rather than the rule Such factors as soi » 
climate, season varietal differences and period of harvesting (which an 
plant foods) or composition of the feed, age at slaughter, and duration o 
lactation (which affect animal foods), as well as storage, transportation 
processing “refining,” and culinary losses, account for a several fo 
range of variation in the vitamin content of natural foods Hence t 
values gn en in tables must be regarded as mdicativ c of expected orders 


magnitude rather than absolute vitamin contents i 

Under the provisions of the Food, Drug and Cosmetic Act, the booa 
and Drug Administration established standards of minimum daily require 
ment for certain of the major vitamins (and minerals) to serve as a has 
for proper labeling of foods intended for special dietary u«es These v aloe 
are presented as a guide to the interpretation of such labeling but are 
not to be confused with the table of recommended daily allowances pre- 
pared by the Food and Nutrition Board of the National Research 
reproduced in its latest (1953) revision on p 1108 The latter is intende 
to furnish “desirable goals toward which to strive in planning diets a 
food supplies ’ It provides for v ariations m requirements due to sex, 
age, activity , and the physiological demands of pregnancy and lactation 
Individual needs may deviate significantly from these allov ances ovvi n & 
to differences in body weight, glandular activity, gastrointestinal dis- 
turbances and many other conditioning factors , 

The term “major vitamins” is sometimes applied to thiamine, n 
flavin niacin ascorbic acid and vitamins A and D, for which fa 1 *” 5 
reliable knowledge exists as to human requirements, it is generally he- 
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lievcd that if diets are devised to supply adequate amounts of these 
vitamins, sufficient quantities of all other vitamins (somewhat presumptu- 
ously called “minor”) an ill be present. This view is questionable and 
merely reflects current ignorance as to the essentiality and quantitative 
requirements for such vitamins which, it is hoped, future research will 
correct. 

Whether a given food, as prepared for consumption, is a poor, fair, 
good, or excellent source of the vitamins or of other dietary essentials 
must be judged by the size of the usual portion and the frequency with 
which it is consumed. The Council on Foods of the American Medical 
Association 5 tentatively adopted the following standards for determin- 
ing the significance of a source of a dietary essential: 

1. In general, when one-tenth of the da} ’s requirement for an average man is 
furnished in a portion which can be easily eaten in one day, the food may be regarded 
as a "fair” source 

2 Wien one-tentli of the da} ’s requirement is contributed by an amount of the 
food which at the same time furnishes not more than 200 calories, the food may be 
classed as a “good” source. 

3. When one-tenth of the day’s requirement is furnished by a food w hich appears 
in the diet practically every day, and in which the portion contributing one-tentli 
of the essential furnishes not more than 100 calories, the food may be classed as 
“excellent ” 

4. When a food is not one which can be easily eaten in amounts to furnish one- 
tenth of the day's requirement, or is one eaten infrequently, or both, and the amount 
required for one-tenth of the day’s allowance of the essential furnishes more than 200 
calories, the food is a negligible or poor source. 

VITAMIN A 

Physiological and Clinical Aspects of Vitamin A. Vitamin A was 
first recognized by the failure of rats to groiv on diets lacking in natural 
fats and oils At about the time of cessation of growth the eyes become 
hemorrhagic, keratinized, and later infected This condition, known as 
xerophthalmia, is associated specifically with deficiency of vitamin A, 
hence the name antiophthalmic (or antixerophthalmic ) vitamin (Fig. 271). 
Interruption of growth (Fig 272) and lowered resistance to bacterial 
infection are secondary results of a specific disturbance in the metabolism 
of epithelial membranes resulting from vitamin A deficiency. This is 
deduced from the fact that keratinization is observed in the sublingual 
and submaxillary glands, and in the respiratory, alimentary, and genito- 
urinary tracts, as well as in the cornea and conjunctiva. Similar involve- 
ment of the oral and pharyngeal mucosa is responsible, at least in part, 
for the diminution of food consumption and consequent loss in weight. 
The formation of urinary and renal calculi observed after vitamin A deple- 
tion is probably also a sequel to the metaplastic changes in the epithelial 
membranes. Similar alterations in mucosal epithelium are followed by 
bacterial invasion and consequent infections of the sinuses, middle ear, 
and other areas. However, vitamin A has no specific nr immunologic 

. _ Id. A form of dryness of the skm 

(xerosis) and a iollicular hyperkeratosis (phrynoderma) are among the 


value in the treatment ol the common c 


» J. Mtd A»*oc., 108, 1S90 (1037). 
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symptoms of avitaminosis A found in man as w ell as in animals A variety 
of skin diseases characterized by these symptoms have responded to 
vitamin A therapy (see p 1290) Suggestions have been made to name 
\ itamm A “ anti-infective” 6 or “ antikcratimc,” 7 but these terms have not 
been adopted because their implications are too broad Inanition accom- 
pany mg severe vitamin A depletion may contribute in no smalt degree 
to the lowered resistance to bacterial invasion The primary specific 
effect of lack of vitamin A, however, is the “substitution of stratified 
keratinizing epithelium for normal epithelium in various parts of the 
respiratory tract, alimentary' tract, eyes and paraocular glands, and the 
gemto-urmary tract” (Wolbach) 

There is evidence that lack of vitamin A may' produce degenerative 
changes m the myehn sheath Since the lack of vitamin A interferes with 
the process of ovulation, an adequate dietary supply of this vitamin is 
necessary for normal fertility It has been demonstrated m rats that a 
liberal allowance of this vitamin is conducive to longevity 

In addition to its role in maintaining the normal epithelium of the eye 
and paraocular glands, ntimin A nlnvs n critical pirt in the process o f 
jvision. The characteristic pigments of the retinal rods and cones are 
conjugated carotenoid proteins known respectively as rhodopsin and 
lodopsin According to Wald 8 they differ only in respect to their opsin or 
protein moieties (called scotopsin and photopsin, respectively) The 
specific carotenoid common to both is a as isomer of retmene The range 
and degree of sensitivity of the rods to light (scotopic vision) is deter- 
mined by the absorption spectrum of rhodopsin, whereas that of the 
cones (photopic vision) is determined by the absorption spectrum of 
lodopsin 

The chemical changes in the visual cy clc involving rhodopsin arc shown 
in the following diagram 


3-cis-Vitamin A : 


= All (rans - Vitamin A 


jl^ jAlcohoi Dehy drogennse 4- DPA 
Opsin 4- Neorctinenc B ^ — AH trims Retmene -f Opsin 



Rhodopsin 


In the pigment epithelium of the rods a as isomer of vitamin A alcohol 
is oxidized to the corresponding vitamin A aldehyde, retmene This 
reaction is reversible and is mediated by alcohol dehydrogenase in the 
presence of cozymnse (DPN) The protein opsin, acting as an aldehyde 
trapping agent, combines stoiclnometrically and spontaneously with 
retmene in the dark to form rhodopsin or visual purple This is the basis of 


1 Green and Mcllanbj Dnl Mr d J 7 TOl (tO'»S) 

T V odder Porto Rum J Ptb Health an t Trop Med 5 2S3 (1930) 
* VV aid Jlarrey I^eeturta 41 117 (1015-0 Science 113 2S7 (1051) 
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dark adaptation Light induces a senes of i*otocheimrf 
rhodoil - .il, in g inning a.th 1, leaching of the purple p.gmen ontherel^ 
of the M'-ual impulse, and ending mth the formation of al| - , J a " s - rc ‘' 1 ' , fhv 
and its isomerization Tor each molecule of ret, none ormedtiio sulfhy 
drj 1 group-, are liberated, and m the rci erse reaction t» o free Mb gr P 
arc provided by op«m „„ lcnrae 

The resy nthe*is of rhodop«in is isomer-specific, requiring a as 
of retinene (probahlj 3-cis or neorctincne B) for the fomiation of 
the corresponding a» isomer of i itamin A is « ithdraivn from th - 

tion Equilibrium reactions involving the i>omenzation of /ranc-reii 
or vitamin A to as forms take place elsewhere in the body , pro a } 

the liter , , "irrtb 

The ret er«ible synthesis of rhodop c m has been reproduced in 
Hubbard and \\ aid* u«nng the four-component sy stem v itamin A (natur 
or cis isomers), cozymiasc, alcohol dehydrogenase, and op^in 

Since gome vitamin A is lo^l m Ihmaaifll deficiency o 

\ itamin results in a diminution of visual acuity , l e pthc ability to ^ 
subdued light This condition is known as ny ctalopia 10 or mght 
and is the earliest sign of v itamin A deficiency in man, though 1 i 
result from other causes park_adantatinn is the ter m annhi’d.^g**” 

jillll liniiiil nf I 1 r~ i 1 1 , il threshold to darkness after exjtQg nre of the e^ -- 

to lnrht„ Quantitative measurement of the visual threshold — 1 e , 
light intensity required to elicit a visual sensation — is made by P b0 
metric instruments which measure the rate of restoration of visual acui > 
following stimulation by a light source of standard intensity 11 . 

Sev ere outbreaks of vitamin A deficiency in humans are rare and 
limited geographic distribution The incidence of ophthalmia is relate e 
high for example m China, Labrador, and India An acute epidenn 
among Danish children during W orld War I was attributed to the su 
stitution of margarine for butter, which was largely exported J- 
fortification of margarine with vitamin A is now a common practice m 
mo a t countries where it is sold 

Twenty to 25 units of vitamin A per kg body weight suffice to main- 
tain a normal v isual threshold in most species studied This amount wiu 
also maintain _f he normal estnts in th» ra t although storage m tde 
liter does not occur until approximately four times this level is reacnec- 
Liberal allowances of vitamin A, among other factors, tend toward op 1 
mum, as distinguished from adequate, nutrition (see p 1074) In expc* 1 
ments on the rat Sherman and his associates hav e shown that by feeding 
several times the do=e of vitamin A sufficient to prevent deficiency svmp" 
toms, the reproductiv e period of females as well as the longevity of ^bot^ 
sexc a could he nrolonc^L 1 — 

4 he efficiency of absorption of vitamin A in different species is influ 
enced by the nature and quantity of the diluent and by the state of tne 



Chip 15 Vitamins and Deficiency Diseases 1115 


1 rroujv A and D Content of Oils from Fishery Sources Having Commercial 
Importance in the United States and Vlaski* 


Ft h 

Area 

Source of Oil 

r«amm A USP 
Untta per g of Oil 

1 ila mi i 

Common 

A am* 

Scientific 

A a me 

Organ* 

Per 
Cent of 
Body 

11 njU 

Oil in 
Organs 
Per 
Cent 


Acer 

age 

a 

IV per o 
of Oil 

Soupfin shark 

Gatcorlunu* iyop- 

Pacific 

Liter 

10 

55-6S 

45 000- 

120 000 

5-2o 


fern* 





200 000 



‘-oupfin shark 

Gateorfimus zyop- 

Pacific 

Liter 

10 

65-72 

15 000- 

3 -1 000 

5-25 

female 

tcrus 





40 000 



GravT-sh (dog 

Sijuaiu* surlleyi 

Pacific- 

Liter 

10 

07-72 

2 000- 

5 000 

5 25 



Alaska 




20 000 



Grai fish (dog 

Syualut tuefile, j/i 

Pacific 

Liter 

10 

50-70 

8 000- 

14 000 

5 2o 

fish> 


US 




25 000 



Halibut 

Btppoglosaus 

Pacific 

Liter 

1-3 

8-27 

20 000- 

GO 000 

I OOO-oOQO 


hippoglotsus 





160 000 



Hal V ut 

tltppoglosaus 

Pacific 

Vis 

° 5-5 

2-5 

70 000- 

200 000 

100-500 


hippoglos3ut 


ccra 



700 000 



S a t lefish 

Anoplnpoma fim 

Pacific 

Liter 

2 2 5 


oO 000- 

90 000 

600-1000 


bna 





190 000 



Bablefish 

Anoplopoma fim 

Pacific 

Vis- 

3-4 

5-12 

90 000- 

1°5 00C 

100 


bna 


cera 



250 000 



L ngeod 

Ophiodon (long- 

Pacific 

Liter 

1 1 5 

8 •'O 

40 000- 

175 000 

1000-6000 


alui 





5o0 000 



Lingcod 

Ophiodon tlong 

Pacific 

Vis 

l 8-3 

4-15 

10 ooo- 

40 000 

100-200 


o /us 


ccra 



175 000 



Union erhead 

Sphyrna tggaena 

Pacific 

Liver 


30-40 

30 000- 

50 000 


shark 


Atlantic 




120 000 



Vlbacore lunn 

Cermo alalunga 

Pacific 

Liter 

1 5-2 

7-"0 

10 000- 

25 000 

25 000 - 







60 000 


250 000 

Bluefin tuna 

Tbunnua tbgnnus 

Pacific 

Liver 


4-6 

2a OOO- 

75 000 

20 000 - 







100 ooo 


70 000 

Bow to 

Sarda cAiTentu 

Pacific 

Liver 


4-12 

15 003- 

35 000 

50 000 







60 000 



Swordfish 

Xyphiai glad iu« 

Pacific 

Liver 

1 4-2 C 

8-35 

20 000- 

■M0 000 

°000- 



Atlant c 




400 000 


25 000 

Cod 

Cadiz* caUartl* 

Atlantic 

Liter 

3-5 

2O-C0 

1000-6000 

2000 

100-600 

Hal but 

lltppoglonus 

Atlantic 


1 5-2 5 

35-2;, 


40 000 

000-5000 


hippoQloteut 








Herring 

j Clupea pallant 

Pacific 

Body 


o-2a 

53-300 

90 

25-160 

Menhaden 

1 Brevoorlta fyran 

Atlantic 

Bodj 


5 *>0 


500 



* Butler Commercial Fisheries Hen April 1946 p 13 


vitamin, le, whether carotene, preformed, free, or csterified 1U The 
recommended daily allowances of vitamin A for various sev and age 
groups are incorporated m the table on p 1108 These values are based 
on a consensus obtained under the sponsorship of the National Research 
Council An outline of the clinical symptoms of vitamin A deficiency is 
given m the American Medical Association svllabus on p 1290 

Storage of Vitamin A- When young animals, previously fed a diet 
containing vitamin A, are depm ed of this \ itamin, they continue to grow 


114 VTcok and Sevlgne J Nutrition 39 % 233 251 (1949) 40 563(1050) 



me 


1 RACTICAU 1 IITSIOLO ICAI CllFMlVntT 


Cl ap 


[or a period dependent upon the amount of t.tamm A uluch « > J 
stored 1 lie Morigt < ipn.tj for tins Miami., nnh. ') ■ k" ‘ r J tored 
animals ,c at the igc of most r.p.d groutl. 1 e „ 

prim ip dlj m ester form in the In i r and k.<l..c> » and <° cx ,,„ r 
the limp At high lee eh of mtnk< rata store more Mtnmm A in he 
than in the hidneja l.ut at loa intake lesela the reterse .a true Incr 

storage is the basis of a hioassa} for aitamm \ . onlt l" 

Distribution of Vitamin A ' Preformed utamin A occurs on J 
lipides of animal on K ,n nil, reas carotenoid precursor, occur in ■ the 
tat le kingdom alien. the> arc sj ntbeaired The fat of m,lk ™* 5 . on 
both carotenoids and utamin \ in lanablc proportions d<! P” n "*** , hc 
the animal s ration and the extent of com era. on of the former in 
latter The duet natural foods of vitamin k value arc butterfat 1 
milk cream cheese etc) egg > oik liver and pigmented ant 1 icj 
vegetables (c g carrots tomatoes pimientos spinach lettuce 
Vegetable oils as a class arc dcricicnt in vitamin V although rc P a ^ 
may contain as much as 0 2 per cent of carotenoids the liver o 
certain species of fish including the sh irk (notablj the soupfin sp 
swordfish halibut mackerel etc arc cxtremcl} lugh in utamin \ s 
oils l cing several hundred times as nch as codliver oil °nc of tlm ®a 
known and most abundant sources of both vitamins V and D I her 
great variations within Bpecies due to storage with age sex and r c P 
ductive phase marine nutrition temperature etc Natural fish hver 
are refined or concentrated and blended to standard potencies for tn 
pcutic or food use ♦ . 

Certain unicellular marine organisms are able to synthesize vitami 
These provide food for marine plankton which are consumed bj 
and other small fsli which in turn are consumed bj the larger h P l : CI *V 
The vitamin is also present to a smaller extent in the v isccral and t>( ) 
oils of the cod salmon and certain other fish . 

In the plant world vitamin \ activity being due to carotenoids ^ 
closely associated with pigmentation the green outer leaves of * ct,tu 
are richer than the white center leaves green tips of asparagus 
richer than bleached tips sweet potatoes arc richer than white po 
toes yellow com than white palm oil (red) than coconut oil The mu 
cows on green pasturage is higher in vitamin A than is the milk of s 
fed animals No direct quantitative relationship exists between the co 
of butter or of fish liver oils and vitamin A potency since in animal 
such activity is due principally to the colorless preformed vitamin (t- , ° 
mercial butter is often artificially colored ) The yellow pigment carote 
possesses the physiological activity of vitamin A by virtue of its c^^ 


version into tl e vitamin in the intestinal wall Hence carotene or -- 
certain carotenoids are provitamins or precursors of vitamin A In a 
dition to the carotene isomers (see below) other carotenoids which P oss ^ 
vitamin A activity in animals are crj ptoxanthm of yellow corn a 
papnka myxoxantlnn and apl amn of algae . 

The s> nthes s of prov itamins A in plants has been show n to be accc 
ated by ligl t radiations especially of short wavelength although 


* For vitam n A values of foods sec Append x III 
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ultimate amount of vitamin formed is not increased. There is no evidence 
that the animal body can produce vitamin A dc novo, evcept in the case of 
the pigeon. 1 * Although synthesis of carotenes seems to parallel chloro- 
phyll formation, the latter pigment does not possess vitamin activity. 

The rate of intestinal absorption of vitamin A and its precursors varies 
in different species of animals and is influenced by the nature and content 
of fat in tlie diet Excessive quantities of mineral oil inhibit absorption. 
The efficiency of converting carotenoids into vitamin A likewise varies 
With the particular compound as well as with the species; in general, 
rodents are most efficient, pigs and cattle less, and cats least, while the 
relative capacity of the human infant or adult in this respect remains to 
be determined 

Chemistry of Vitamin A, /3-Carotenc has been shown by Kuhn and 
Karrer to have the following structural formula: 



In the animal organism cleavage occurs at the central double bond with 
the formation of the alcohol, vitamin A 



11 Kon nnd Drummond Biochem J„ 21, 632 (1927). 
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Hunter end Williams" claim to have effected 
vith hydrogen peroxide to Rive vitamin A a'del.jdc nnd ™ «q 
di.ct.on to the alcohol. In the liver and other atnmge depots of the a 
organism vitamin A exists ... the form of fatty acid estem The paU^, 
and acetate are produced commercially from either natural o } 

Tt“llbe noted that the Carotene molecule i S aymmctncrf,conta.ni"8 
tuo /S-ionona rings, designated 0< and p respectively, bndgedhya CM 
cd four isoprene fcH^C-CH=CII.) units. The » and 7 isomers differ 

CH 

in respect to the configuration of only one of the rings, the molecutafm^ 
inula of all of these isomers being CmHit. In place of the n g . t0 

above for 0-carotcne, certain other carotenoids differ only 1 P 
the rings as shown in the following tabulation. 


0-Carotene 

CioHn 


0 1 ring 


0 1 ring 


.-Carotene 

C 4 .IU, 


as above 


7-Carotene 

CtoH.t 


Cryptoxanthin 

CtolIi.OH 


Lycopene 

C.oH« 


Xanthophyll (Lutein) 
C»lI u (OH)t 



At least one intact 0-ionone nng is essential for vitamin A activity » 
since isomers or derivatives in which the only change is in both rings ( e * 

14 Hunter and Williams. J. Chem Soc , 554 (1945), Hunter Nature, 158. 257 (19J®) 
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lycopene or xanthophyll) arc inactive The conjugated double bonds in 
the side chain (or in the carotenoid bridge) make possible a large number 
of cis tratis isomers 16 Hon ever not all of these stereoisomers exist m 
nature or have been produced synthetically, owing to stenc hindrances 
Twentv cis irons isomers of 0 carotene are possible and even larger 
numbers in the case of the asymmetrical compounds like a- or 7-carotene 
The stereoisomers are differentiated by their spectral absorption charac- 
teristics in both the visible and ultraviolet wavelengths and by their 
chrom'Vtographv;, adsorption affinity pg. 

It has beTn postil fated that because of stenc interference, only two of 
the four double bonds in the side chain of vitamin A assume cis trans 
configuration, yielding four stereoisomenc forms viz all-frans , 3-cis-, 
5-cis-, and 3, 5-di-as- vitamin A The isomers found in liver oils are 
principally all trans (Fig 273) associated with a czs isomer (probably 
5-cts) which has been crystallized 16 and designated “neovitamin A” 
(Fig 274) Despite the functional differences between these isomers in 
the visual cycle (see p 1113) the growth-promoting activity of neovitamin 
A for the rat appears to be approximately 80 per cent of that of crystal- 
line all trans-vitaium A 17 

The approximate vitamin A activity for rats of certain important 
natural carotenoids relative to 0 carotene is as follows 


/3-Carotene (all-frans) 

100 

a Carotene (all Irons ) 

53 

7 Carotene (all trans) 

27 

Cry ptovanthm (all trans) 

57 

Neo-/3 carotene U(mono-cts) 

38 

Neo-0 carotene B (di-cts) 

53 

Lycopene 

0 

Xanthophyll 

0 


0 Carotene is approximately twice as notent biologir nlb 
occurring, isomers It w as behev ed that fission of the carotenoid molecules 
occurs at the central double bond yielding two molecules of vitamin A 
there is evidence, however, that asymmetrical breakdown to the active 
0 lonone fragment of the molecule can also occur 

Since intestinal absorption, stability , and efficiency of com ersion affect 
the biological activity of carotenoids the estimation of v itamm A potency 
of plant foods from the relatne content and activity of the individual pig 
ments is not alway s rebable 

The previous international standard of vitamin A activity, 0 carotene 
has been replaced by cry stalhne v itamm \ acetate The International or 
TJSP unit is now defined as 0 30 /ig of vitamin l alcohol equivalent to 
0 344 /ig of the acetate For the estimation of carotene the former stand 
ard has been retained, 0 6 /ig of pure /3-carotene is considered to have the 


For reviews of stereoisomerism of the carotenoids and vitamin A see Zechmeistet 
1 ifamin* and 7/ormone-? 7 57(1949) Karrer and Junker Carotenoids New York Fl«evier 
Press Inc 19o0 

** Robeson and Baxter V aiure 155 300 (1945) 

17 Harris Ames and Brinkman J Am Chem. Soe 73 125° (1051) 
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Fio 273 Crystallise Vitamin A Alcohol (High 
Melting) 

Courte«> Distillation Products Inc Rochester. V Y. 



Fig 274 Crtbtalline Neomtamin A. 
Courtesy Distillation Products Inc Rochester N Y 
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activity of one unit of vitamin A. It has been found however that the 
“crude carotene" of many plant foods (i.c., the pigment in the petroleum 
ether extract which absorbs light at 420 m/x) has a vitamin A activity of 
about 1 DSP unit per gg. 

Vitamin A alcohol forms pale yellow crystals melting at 63-64° C. 
when deposited from ethyl formate solution or at 7-8° C. when me fchj’l 
alcohol is the solvent. It forms esters but is not precipitated by digitonin, 
providing a means of separation from cholesterol which likewise occurs in 
the nonsaponifiable fraction of animal fats. The vitamin is distillable in 
vacuo , thus forming the basis for a process of concentration from fish 
liver oils; viz., Hickman's method of molecular distillation. Vitamin A 
forms colored compounds with certain condensing agents, one of which, 
antimony trichloride, produces an evanescent blue color (Carr-Price 
reaction) of sufficient intensity to afford a measure of its concentration. 
This color absorbs light maximally at 620 mg, in contrast with the more 
stable greenish-blue color produced with carotene, which shows an absorp- 
tion maximum at 590 mg. For the analysis of foods or animal tissue con- 
taining both factors, the SbCla reaction necessitates either correction for 
the differences in rate of color development and fading, or preferably, pre- 
liminary separation of the carotenes from preformed vitamin A. 

Vitamin A is characterized by an absorption band in the ultraviolet 
with a maximum at 328 mp. This forms the basis of the speetrophoto- 
metric method of estimating (preformed) vitamin A content. 

In the absence of air, vitamin A is quite stable at high temperatures, 
but when exposed- iQ air or oxygen it is readily desfrovpd Aeration of cod- 
y-gpf tnr 12 h ours at 160° (J, oxidizes the vitamin A, leaving the a nti- 
rachitic p oteneyitjilmnairrd Yitam m^A appears to be more resistant to 
oxidation in its natural environment, probably because of the presence of 
protective antioxid ants such as tocopnerols, phospholipides. ami possibly 
other agents, DcHam )jhcjjuhc~substances. like tvdroniiinone and pvro- 
gallol, are even more effective antioxidants, but their use is not permitted 

on toxicplorienl grnimds- Light, especially in the ultraviolet ranee, exerts 

a destructive influence upoTiTnamin A; h e nce the practlre of dispensi ng 
hsh liver oils in dark bottles ami ol conducting analytical operations in 

amber or red glassware. 

DETERMINATION OF VITAMIN A 

In estimating vitamin A in natural products a distinction must be 
drawn between vitamin content and vitamin potency. Vitamin A activity 
is derived principally from the physiologically available amounts of pre- 
formed vitamin A, which may be present as free alcohol or as esters, and of 
the carotenoids, which vary in their individual potencies. Furthermore 
activity is influenced by the nature and content of fat in the diet and by 
the physical state of the carrier; for example, fine dispersions of vitamin A 
in aqueous media are absorbed more rapidly than is the vitamin in oily 
media. 

Because of this distinction between vitamin A content, in the chemical 
sense, and biological activity of true vitamin A and related compounds, 
the bioassay continues to play an important function, especially in the 
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evaluation of foods whose vitamin activity is of mnltiplo onpmta 
products whose vitamin A activity is denved from less 
such as the cryntaU.no alcohol or ita esters, h.gh-potcncj fish 1. . c 
S-earotenc preparations, it is only necessary to establish 
between values for vitamin content obtained by physical 0 , 

methods and the bioassay values to justify the use o the , nonb opcsl 
procedures Because of the small size of sample available, theona^ 
blood and tissues for v itamin A is limited to the nonbiological method 

CHEMICAL METHODS 

Colorimetric Methods for Preformed Vitamin A and 
A. The carotenes are determined eolonmctncally- preferably a 
tion by saponification, extraction, adsorption, and elution Predict 
biological potency from the content of carotenoids is complicated b^ 
individual differences in activity and absorbability. ChromatograP 
separation of the carotenoids and their identification and ° 

spcctrophotometric absorption data afford a more accurate b 
basis for estimating the vitamin A actnity of plant carotenoids. 

Various color reactions have been proposed for the estimation p 
formed vitamin A, especially in liver oils ** The most widely use . . . , n 
is that of Carr and Price 19 When a solution of antimony tnchionw 
chloroform is added to a dilute solution of a vitamin A-bcanng 01 > 
color appears which soon reaches a maximum intensity and *kcn n( jj„ 
fades or changes to reddish-brown or other colors, varying with tn . ts 
\idual oils Under carefully controlled conditions the blue color p ^ 
long enough to make accurate readings possible Glycerol 1,3-dic . 

hydrin actuated by distillation over antimony trichloride js also 
as a colorimetric reagent for vitamin A, greater color stability 
claimed for the reaction product 

Antimony Trichloride (Carr-Price) Reaction * Into a dry test tube j 

0 2 ml. of a 20 per cent solution of codllver oil In chloroform.* 1 Add r*V ^ 
ml. of a saturated solution of antimony trichloride In chloroform, 
the color changes. 

Determination of Carotene ( Provitamin A). 0-Carotene occurs m certain Pj* 
sources (eg, carrots, alfalfa) relatively free from other carotenoids such 89 ^ 
toxanthm or lycopene In these cases it may be determined by methods wv ^ 
selective solvent extraction (phasic separation) Mixtures of hexane and ^ 
methanol, or diacetone alcohol are widely used, since they permit partition ^ 
carotenes from xantbophyll, chlorophyll, or other m active pigments When p 
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with other cirotenoids, 0-enrotcne is preferably separated by clirom itography of a 
hexane solution 

Extraction. In the case of animal or dairy products containing fat, saponifi- 
cation and extraction is necessary. For this purpose the isolation of the 
unsaponlfiable extract as described for vitamin A on p.U24 may be employed, 
but the residue after evaporating the ethyl ether should be taken up in an 
appropriate volume of hexane. Dried plant products or feed mixtures may 
simply be extracted for one hour under reflux with a mixture of acetone and 
hexane (3 + 7), using about 30 ml. per 2 g. of sample. After cooling, the 
extract Is filtered through anhydrous sodium sulfate into a 100-ml. volu- 
metric flask and made up to volume with hexane rinsings. 

Other extraction methods have been described for special cases, e.g., those 
requiring cold extraction to avoid isomerization.* 1 

Chromatography. In view of the predominance of ^-carotene in most ani- 
mal tissues or foods intended for human use, the method to be described, 
which actually measures total or “crude" carotenes, will generally be found 
satisfactory. For procedures effecting more complete resolution of the 
carotenes and their isomers the reader is referred to the literature.” 

Insert a chromatographic adsorption tube (22 X 175 mm.) into a suction 
flask and plug the outlet orifice with a bit of glass wool. Introduce a mixture 
of equal parts of activated magnesia” and Hyflo Supercel* s to a depth of 15 
cm. with the aid of suction and a flat-surfaced tamping device; gently press 
the adsorbent down to a depth of 10 cm. Cover with a 1 -cm. layer of anhydrous 
sodium sulfate. 

Under continuous suction pour the extract into the adsorption column. 
(Always keep the top of the column covered with a layer of solvent.) Follow 
through with 50 ml. of acetone-hexane (1 + 9) to develop the chromatogram. 
Collect the eluate, which contains all the carotene, leaving the xanthophy Hs, 
chlorophyll, and oxidation products In the column. Transfer the partially 
evaporated eluate to a 100 ml. volumetric flask and make up to volume with 
acetone-hexane. 

Spectrophotometry. The solution should have an absorbancy' correspond- 
ing to 1-4 >ig. of carotene per ml. Read the optical density in a spectrophotom- 
eter at 436 mfi. Convert to “total carotenes" by r means of a calibration chart 
prepared from graded concentrations of a standard solution of crystalline 
0-carotene;** or calculate from the following equation: 

(- log T) X v X 100 

1 96 X L X C ** carotene 100 S sample 

where (— log T) is the optical density, i> the final volume of eluate (100 ral ), L the 
cell depth m cm , and C the « eight of the original sample 

** Beadle and Zscheile J Biol Chem , 144, 21 (1942), Zeehmeiater and Polgar J Am 
Chem Soc , 64. 1856 (1942) 

*> Bickoff, et al J Attoc Official Agr Chemist* 31, 633 (1948) 32, 766 (1949) These 
authors employ h> d rated lime as an adsorbent to separate the carotene isomers 

** Micron Brand No 2642 Vi estvaco Chlorine Products Co , Newark, Col 

“* Johns-Manville Co , Chicago IU 

** The International Standard obtainable from TJSP Reference Standards, 46 Park 
Aie, N Y 16 Pure 0-carotene or a mixture (90 per cent 0, 10 per cent a) as supplied by 
General Biochemical 3 Inc., Chagrin Falls Ohio may be used 0-carotene may be purified 
as follows Dissolve 100 mg 0-carotene in 2 ml chloroform, and reprecipitate with 20 ml 
methanol Filter, wash with a few drops of methanol, and dry in a vacuum desiccator. 
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Determination ci/ Prejartm d Vitamin S (Otlnrirnelrlc Metlmdo/ Oifr. 
Mctnkk, and Fader):’ Principle. Tl,- I l.w color r r,rl..ccl <rl.cn ' A , 

w ith antimony tncl.lornlc ,n rl.I „„t„nn .ol.lt.™ .< mcn-.irpl pV»™ „ 

internal standard (increment) ii incl ulM to compensate for th« cfT«*ct of in 
accelerators on the color d* \cloptm nt 


Procedure- Preparation of the UntoponIJioMc Fraction. Perform 
tlons In amber Claim arc. Into an Frlenmrjer fla*V. transfer «' ■*« 

pie, containlnft preferably at least 50 L'SP unit, of Tltamln A. The *ampr ^ 

be weighed by difference from a weighing bottle furnished with a ^ 

stopper. Saponify by refluxing on a boiling water bath for 0 5 hr. w m 0 | 
prepared 0 5 N alcoholic potassium hydroxide, using 15 ml. for eac £ j 
sample solids. Cool, and transfer to a separatory funnel, oddlnft ^ 

volume of water as a wash. Fitract four times with 75 ml. of freshly re ^ 

ether, and discard the aqueous phase. Wash the combined ether ex 
once with 50 ml. of water, once with 25 ml. of 0 5 N aqueous potass u ^ 
droxide, and then with 50* ml. portions of water till the last washing £ 
color with phenolphthaleln. Dry the ether extract with anhydrous • 
sulfate and evaporate to dryness on a water hath, removing the a* 
milliliters at room temperature with a stream of nitrogen. Disso ,e 
residue Immediately In sufficient purified” chloroform to produce * 
centration of from 5 to 15 USP units of vitamin A per ml. A turhld c 
form solution may be clarified with anhydrous sodium sulfate. 


Colorimetric Procedure. A direct-reading photoelectric colorimeter w ' 
620-mji filter Is used for the measurements. Set the Instrument at I j 
cent transmittance with a solution containing 1 ml. of chloroform and ^ 
of antimony trichloride reagent.” To another tube add 1 ml of the test so ^ 
tlon and 9 ml. of chloroform, and read (A) To a tube containing 1 111 
chloroform extract of the sample, add 9 ml. of antimony trichloride reaft 
rapidly from a blow-out plpet and measure the maximal blue color as 
cated by the full swing of the galvanometer usually attained within 4 ,ec °” f 
(B). To another tube containing a 1 ml. aliquot of the test solution, w t 
micropipet add 0 1 ml of a vitamin A standard” containing 10 U^P unit* 

3 »ig.) of vitamin A followed by 9 ml of the antimony trichloride reagen 
Measure the maximal color (C) . 

Calculations Convert galvanometer readings, G, expressed in per ri nt tr* n 
tancc, to photometric densities, PI), as follows 


Then, 


P D = 2 - log G 


j g X 10 USP units (or 3 /ig ) X dilution factor 

= LSP units (or *ig ) of vitamin A per 6 of sainpl 


” Oser Melniclc and Pader Ind Ena Chem Anal Ed 15 724 (1943). Oser Melniek. 
Pader Roth and Oser Had 17 559 (194a) . 

” Wash reagent grade chloroform three times with an equal volume of water an 
over anhydrous sodium sulfate Redistil on the day used ,j 

t 2 ° PCr CCnt ft °' Utl0n ° f antunon > trichloride in dry chloroform Filter if *«W 

** The USP Reference Standard Solution of cry stalhne vitamin A acetate roaj he 
ployed as the standard the results are expressed m terms of vitamin A alcohol 
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Spectrophotometric Method. 31 Since vitamin A is characterized by 
selective absorption in the ultraviolet, the intensity of absorption at the 
maximum (Fig. 275) serves as a measure of vitamin A content. Inasmuch 
as this region of the spectrum is beyond the visible range, spectrophoto- 
metric equipment is necessary. Adaptations of this method have been 
particularly useful in the assay of fish liver oils where the vitamin A 



Fro 275 Advantage of Plotting Extinction Ratios Rather Than Ex- 
tinction Coefficients in Presenting Ultra violet-absorption Cur\es of 
Vitamin A Soi utions 

1. Vitamin A acetate in ethyl laurate 2 Oxidation of (1) by air. 3 Dilution 
of (1) 1*5 with ethyl laurate 

activity is due entirely to the vitamin per se. Greater accuracy is obtain- 
able by the removal of interfering substances present in the saponifiable 
fraction, particularly in oils containing less than 15,000 units of vitamin A 
per gram. 

The method involves the comparison of the absorption of ultraviolet 
radiation through the test solution containing vitamin A, with that ab- 
sorbed by the solvent alone. Results are usually expressed in terms of the 
extinction coefficient 35 derived as follows’ 

Eli log,, | 

in which is the extinction coefficient, c is the concentration (in per 
cent), d the thickness of the cell (in cm.), and / and T the intensity of the 

’* For treatments of this subject, see Chapter 23, also Morton* The Application of Ab- 
sorption Spectra to the Study of Vitamins, Hormones and Coenzymes 2d ed. London, IlUger, 
1942, Chapter 4 in tVokes Applied Biochemistry, Baltimore. Wro Wood and Co (The 
Williams A- Wil kins Co ), 1937, and U.S Pharmacopeia XIV, 1950, pp 750-S 
" "Specific sbsorbanc> " ui the terminology of modem optical phj-ucs 
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“incidental” and transmitted light, respectively. For a discussion of the 
derivation of this equation sec p. 512 el seq. absorption 

To be valid as a basis for estimating vitamin A content, the a 
curve from which the extinction coefficient at the peak (3.0 ton) c]e _ 
should he characteristic of the pure vitamin A »bsorjpt.on cun ^ 
vant absorption due to oxidation products of the '-tan™ * ^ A 
inactive substances may be evidenced by distortion of tl “ h(mt 
curve. This is more readily recognized when the curve » plotted ^ ^ 
regard to concentration of the vitamin, i e , on the assumption th ^^ 
extinction coefficient at the maximum is equal to unity. The i value ^ 

other wavelength thus becomes an extinction ratio, i.c., the ra 
extinction coefficient at that wavelength to that at the maximum (Fig 

TTie con\ersion of the extinction coefficient (or “E ' ■value/ a 3 it has 
been abbreviated) to vitamin A units is ciTected by multiplying bj £ 
version factor derived from observed ratios of biological poten > 
value in fish liver oils. In practice such conversion factors have been ^ 
to vary over a wide range in different laboratories, owing to diuer 
the oils themselves, as well as to the errors inherent in both the bi j 
and instrumental methods employed. On the basis of improved an * 
techniques as well as theoretical considerations, it is now com ® . _ t 
practice to regard the factor 1900 multiplied by the extinction coet 
at the maximum for the typical vitamin A curve as giving the 
estimate of vitamin A unitage. 


Determination of Preformed Vitamin A (Spectrophotometnc M t 

Principle. Vitamin A may be determined by measurement of the extinction coe ' ^ 
of the characteristic absorption band in tire ultra\ lolct region of the spectrum, w 
maximum is in the region 325-328 mji 
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SpFCTROrHOTOMETRIC DETERMINATION AND CALCULATION Using quartz CUVCttCS, 

read the absorbancy of the isopropanol solution at 310 325 and 334 m/t The median 
wavelength is the absorption maximum of pure vitamin A alcohol in isopropanol 
whereas the higher and lower are the wavelengths at which the absorbancj is ^7 0 e 
0 857) of the maximum The absorbancj ratios lm/t<s and Am/m arc frcquentlj 
found to dev late bj more than 1 per cent from 0 857 due to the presence of non 
vitamin V -absorbing materials Assuming that such irrelevant absorption is linear 
within narrow wavelength limits (c g above and below the peak) the correction 
procedure devised bj Morton and Stubbs tnaj be applied * 4 In simplified form” this 
has been adopted into official USP and AO VC v itamm A a^saj s 

A (corrected) = 7 Aj« — 2 G25A jio - 4 375A jj» 
m which A is the absorbancj at the indicated w av elength 

-l fcorrected )^ ^ g - «. vitamin A (per g or other sample unit) in which L is the 

length of the absorption cell in cm , and C the fraction of the sample unit per nil of 
solution read 

*ig "\ itamm A X 3 33 = International (USP) units 

Comment This method is applicable chief!} to fish li\er oils where 
the a itamm is present in comparatn el} high concentrations Though a 
more accurate v alue is obtained b} conducting the determination on the 
unsapomfiable fraction, oils of high potency maj often be assayed with 
little error b} dissolving them directly m isopropauol For the anal} sis of 
foods that have been enriched with vitamin A, a blank test of an un 
fortified sample or of a sample in which the a itamm A has been destrojed 
b} selecti\e ultraviolet irradiation* 6 is advised 

Agreement between the basically unrelated spectrophotometnc and 
colorimetric procedures raa} be regarded as highlv presumptive of the 
accurac} of the nonbiological determination In fact the official nssa}s 
for v itamm A-bearing materials m the U S Pharmacopeia and the 
Association of Official Agricultural Chemists specif} that for the spectro- 
photometnc assa} to be valid the colorimetric test must agree Avithin a 
ratio of I 00 to 1 30 

Determination of Vitamin A and Carotene in Blood Serum ( Colorimetric 
Method of Dann and Eie/jn) 57 Principle \ itamm A and carotene are extracted 
from serum with ethyl ether after saponification with alcoholic potassium hydroxide 
Carotene is determined colonmetneally in the extract by photometric measurement 
of the light absorption of a choloroform solution at 440 nifi and preformed \ itamm A 
bj measurement of the light absorption at G20 m|i of the blue color produced bj 
reaction of the i itamm n ith antimonj trichloride 


»< Vlorton and Stubbs Biochem J 41 525 (1947) 42 195 (1948) 

*» Oscr Anal Chcm 21 529 (1949) 

"Little I nd Ena Chem Anal Ed 16 2SS (1944) 

** Dann and Evelyn Bwchcm J 32 100$ (193S) Vitamin V tna> also he determined m 
plasma or serum b> the following procedure which avoids saponification Add to the plasma 
slowly while si alung an equal volume of 95 per cent ethanol followed by 2 volumes of 
petroleum etl er (b pt 40-90° C) Stopper tigl tlj and shake for 10 minutes Centrifuge 
one minute at low speed Evaporate an aliquot of the petroleum etl er la>er on a water 
bath (10° C ) in a stream of Vs 1 eating f nally at "0° C for a few seenn Is Tl e residue is 
taken up in etl anol free chloroform for colorjroetrir deternu intion (Jumble J Lab CUn 
Med 21 1055 (1939) \ udkin Biochem J 35 551 (1941) ) 
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Procedure. To .0 ml. of ..rum In a .moll Hash add at. ' 
cent ethyl alcohol and 2 ml. of a 60 pet cent aqueou .olutlon of po.a > 
hydroxide. Boll for 3 minute,. Pour the mixture nto 10 ml. of wat 
separatory funnel, and wash the flask "‘‘V’™,,! ”.' h “h, .epata- 

followed by two 25-mt. portion, of ether, addlngthevrashlng.tt ^ 

tory funnel. Shake the funnel vigorously for 1 minute, then alio P 
to^eparate. Discard the aqueous (lower) layer. Wash the ether phase 1 
shaking vigorously with 10 ml. of water, then twice gent > 
water. Filter the ether solution through a layer of ® n ^ droU * . COTD 
fate on a sintered-glass filter. Wash the residue with 20 ml. of ether ’ 
tuning the wash with the filtrate. With the aid of a stream 
evaporate the ether solution to dryness on a hot water bath, la » 
residue in 10 ml. of chloroform In the absorption ceil of a ptiotoe 
colorimeter. . Ir ,, tru . 

Measure the light absorption of the solution at 440 mu, setting 
ment at 100 per cent transmittance with pure chloroform. Calibra ^ ^ 
instrument bj measuring the absorption of standard solutions o ^ 
0-carotene in chloroform containing 0.2, 0.4, 0.6, 0.9, 1.2, 1.5, 1- * • » J 
and 3.0 pg. per ml. Plot photometric densities against concentrat o 
carotene. From the graph, determine the concentration of caroteno * ^ 

ml. In the chloroform extract of the unknown, and multiply this value y 
to obtain the concentration per 100 ml. of serum. . c 

Place the cell in a hot water bath and evaporate off the chloroform w t ^ 
aid of a stream of nitrogen. The latter provides an Inert atmosphere an P 
vents oxidation of vitamin A. Take up the residue in 1.7 ml. of chloro ® * 

Place the cell in the photoelectric colorimeter equipped with a 620 oil ’ 
set at 100 per cent transmittance with 10 ml. of a solution containing *• 
of chloroform and 8.3 ml. of antimony trichloride reagent (see p. ’ 
Rapidly add 8.3 ml. of antimony trichloride reagent to the unknown 
determine the maximal extinction. Calibrate the instrument by conduc ^ ^ 
the test on pure solutions of vitamin A in chloroform** containing 0.5, 

1.5, 2 0, 3 0, 4 0, 6 0, 8 0, and 10 0 wg. per 1.7 ml. j - 

Calculation Plot photometric density against concentration of vitamin A P er , 
ml Determine the concentration in the chloroform extract of the unknown, ^ 
multiply this \ aluc by 10 to obtain the concentration of apparent vitamin A P** ^ 

ml of serum This value must be corrected for the interference of carotenoids w 1 
react with antimonj tnchlonde to produce a blue pigment The color produc 
1 fig of preformed vitamin A ls approximate I j equal to that of 20 jig of 0-caro 
Determine the true concentration of vitamin A by means of the formula 


A — ”• W? vitamin A per 100 ml of serum 

where A is the concentration of apparent vitamin A and C that of carotene, both 
expressed per 100 ml of serum 

Interpretation. The normal vitamin A level for blood gemm is l5t° 
GO ne (approximately ,>u to ^int [ units) per 100 ml i he p rim-ip^ 1 ca 
rutenoms in blood serum ar e, carotene and xanthophvlL which are P re5 *" 0 f 
in a relativ ely fixed proportion Under these conditions, measurement 
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total carotenoids, winch is necessary for the determination of total \ita- 
mm A activity, would be a good practical index of carotene content 
Chromatographic analysis, however, has demonstrated that the true car- 
otene content vanes from 10 to 50 per cent of the total carotenoid 40 
The normal total carotenoid range in blood serum is 100 to 300 pg ex- 
pressed as 0 carotene 

BIOLOGICAL METHODS 

Since no single chemical or physical method for estimating \itamm 
A actn lty is sufficiently specific for all compounds and mixtures possessing 
\ itamin A activity , the biological assay remains fundamentally' the most 
reliable means for determining \ itamin A potency and is the basis against 
which the more precise nonbiological procedures must be ei aluated Many 
of the limitations of bioassays are remo\ed when they are planned to 
measure not only the response of animals to dosage of the test material but 
to known dosage of some standard of reference By balancing the distribu- 
tion of test animals among assay and control groups with respect to 
strain, litter origin, sex, age, and body weight, and standardizing the 
environmental factors, diet, feeding, dosing conditions, etc , it is possible 
to reduce the error of biological assay to a minimum The assay can be set 
up according to a statistical design to permit control of these variables, 
and also to provide a measure of the limits of precision of the estimate 
and the extent to which individual factors such as sex, litter, etc con- 
tribute to the total vanance An essential feature of bioassays m which 
responses are quantitatively graded to dosage is that the slope of the 
dose response cun e (plotted logarithmically) must be reasonably parallel 
to that of the reference cun e Otherwise the standard and unknown prepa 
rations are likely to be qualitatively different, e g , the unknown may be 
contaminated with a substance that is toxic or inhibits absorption The 
effect of departure from parallelism may be measured in an assay designed 
to permit factorial analysis of \ anance 

The curative method for assaying vitamin A is based on depleting 
young rats of their reserves of this vitamin and determining the relative 
growth responses of groups of these animals receiving daily supplements 
of the test material or of the vitamin A standard The basal diet fed 
throughout the depletion and assay periods should be complete with 
respect to all nutrients required by the rat except vitamin A Serious 
error may be caused by failure to include in the basal vitamin-A-free 
diet a sufficient amount of vitamin E (tocopherol), since the responses of 
the animals may be influenced by differences in the antioxidant content of 
the assay and reference materials 

The US Pharmacopeia 41 method for vitamin A is a "rat-curative" 
assay and is most generally employ ed for the e\ aluation of food and phar- 
maceutical products As described, however, it is a minimal-potency 
assay (i e , it provides for one assay and one reference group), and there- 
fore permits only the statement that the assay material contains "less 


** WoM Ihetotherapu Clinical Application of Wodern \ i tntion Philadelphia W B 
launders Co 1945 p 225 
41 X.IV th Be\ lsion 
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the unitage of \itamin corresponding to the 


than” or 44 not le^s than — • . . 

administered dosage level. The method may be adapted to q-antltMlte 
estimation of actual potency by feeding two or more dosa^ 1 “ 

the assay material and a similar number of dosage levels of the stanaa 
reference (USP Reference Vitamin A Standard). The dosage mten 

he , the ratio of each dose to the next lower dose — is constant in 

assay and reference groups. The resulting data may be computed acc ° 
ing to the analysis of variance, as illustrated by the example in Appe 
VI/* to give an estimate of potency, the standard error of this estima , 
and, most important of all, an objective indication of whether the assay 
is a valid basis for such estimation. ^ 

Biological methods ha\c been described for vitamin A based on P r 
vention rather than cure of the deficiency in rats, on keratinization 0 
vaginal epithelium (which occurs at about the twenty-third day of dep 
tion in young rats), and on the colorimetric determination of the vitamin 
A stored in the livers after controlled feeding periods. 41 The latter pro* 
cedure is less adaptable than the curathe rat-growth method to quantita- 
tive study since it requires the administration of massne doses of t * 
vitamin , n 

The U.S. Pharmacopeia biological assays for xitamins A and i 
are given in full on pp. 1261 and 1264, respectively. 

THE VITAMIN B COMPLEX 

Since the \ itamin concept w as first postulated, the initial group of three 
vitamins has expanded to more than 20 bj virtue of the disco\ ery of the 
multiple nature of previously known \xtamins or the recognition, fro® 
biological experiments, that as yet unknown nutrients must exist. 
outstanding in this regard has been the branching out of the vitamin B 
complex, a group of water-soluble factors usually associated in nature 
with thiamine (the original vitamin B), rich sources being liver, yeasts, 
and brans The possibility that the “ antiberiberi vita mine” of Funk (ak° 
known as the antineuntic factor or water-soluble B) might be a complex 
was suggested by the work of Emmett and Luros 44 on the basis of differ- 
ences in susceptibility to heat destruction Smith and Hendrick 4 ' showed 
that autocla\ed yeast, m which the antineuntic vitamin was destroyed. 
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still possessed supplementary \alue for rats receiving adequate amounts 
of vitamin B from oats or m the form of a vitamin B picrate Goldberger, 46 
m 192G, recognized that rats required not only the antmeuntic vitamin 
(“B sensu stnclo”) but also another factor which he called P-P (pellagra- 
preventive) In 1927 the Accessory Tactors Committee of the British 
Medical Research Council recommended the symbols Bj and B 2 for the 
heat-labile (antmeuntic) and the heat-stable components, respecti\ely 
(For a time vitamin B 2 was called G in the United States ) The erroneous 
belief that the latter was identical with the pellagra-preventive factor was 
corrected when distinction was drawn between human pellagra and ca- 
nine blacktongue, on the one hand, and so-called rat pellagra on the other 
Between the time that Jansen and Donath, 47 in 1927, isolated the crystal- 
line antibenben vitamin from nee bran and R R Williams 48 synthesized 
it and gave it the name thiamine in 193G, evidence accumulated for the in- 
creasing complexity of the vitamin B group 

Kuhn, Gyorgy, and Wagner- Jauregg 49 isolated the fluorescent com 
pound ovoflavin from egg white, designating it vitamin B 2 Their demon- 
stration that this biologically active substance and similar flavins from 
milk and liver (lactoflavin and hepatoflavin) were identical, containing a 
nbose group attached to an isoalloxazine ring, caused them to adopt the 
common name riboflavin for vitamin B 2 

Evidence for the existence of additional growth and antidermatitis fac- 
tors for rats, pigeons, and chicks prompted the continued search for new 
vitamins m the B group, which m the years since 1927 has culminated in 
the identification and synthesis of at least ten additional vitamins From 
the standpoint of human nutrition, one of the most significant is nico- 
tinic acid (now called niacin), which was identified by Elvehjem, Madden 
Strong, and Woolley, 50 m 1937 as the canine blacktongue factor This 
compound had been known for many years and was actually isolated from 
rice polishings by Punk 51 in his effort to isolate “vitamine B ” The 
therapeutic trial of nicotinic acid in human pellagra was rewarded with 
prompt and dramatic success 

Clinical experience with beriben or pellagra has emphasized that these 
diseases are often associated with deficiencies of other nutrients than 
thiamine or niacin alone Therapeutic administration of individual crys 
talline vitamins often reveals the presence of underlying deficiencies which 
respond to supplementary dosage with other vitamins of the B group 
or with rich sources of the vitamin B complex such as yeast or liver In 
this connection it is significant that the relative proportions of the various 
members of the vitamin B group as found in natural sources, both plant 
and animal, are quite vanable, for example, seeds and legumes are rela- 
tively higher in thiamine than in riboflavin, whereas m milk and leafy 


4S Goldberger Wheeler Lillie and Rogers US Pub Health Repta 41 297 (1920) Gold 
berger and Lillis Ibid 41 1025 (1926) 

47 Jansen and Donath Mededeel Dxenat I olktgezondhexd »n V ederland Indit 16 180 
(1927) 

« Will ams J Am Chem Soe 58 1063 (1936) 
n Kuhn Gj Orgy and W agner-Jaurogg Ber 66 317 576 (1933) 

M FK ehjem Madden Strong andWoollej J Am Chem Soe 59 1767 (1937) 

11 Funk / .PAyjioI 43 395 (1911) 46 173 (1013) 
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vegetables the reverse is true Processing by hcat cxposiire to light oi 
other destructxv e influences effect still further un it.ous in the nuantita 
relationship of the B vitamins < i R . u 

Bacteria present in the mammalian intestinal tract are “||“ thcm being 

the*, zing vanous vitamins of the B group, noteiiorthj among thcm M J 

biotin, folic acid, and pantothenic acid ractors vh.ch 
hactenal growth— e g , nutrients in the diet of the hostort ’ s . n thesis 
medication (like the sulfonamides)— may depress intestinal 5 
sufficiently to induce secondary deficiencies „,tenally » 

The use of microbiological assay procedures has aided matena .v 
the discovery of additional factors in the vitamin B group ’ " h '" maU 
essential for the nutntion of certain microorganisms or 'aboratory a 
but i\ hose role as vitamins for man is not yet established Among t^^ 
factors are p-aminobenzoic acid, thioctic (lipoic) acid, L ^ 

factor, 'L bnlgancus factor, and vitamin B T (the latter required 5 are 
mealworm Trnebno molitor ) Examples of microbiological ass y 
given under IliboflaMn, Pantothenic Acid, Niacin, \itamin ill, 
Pteroylglutamic Acid In pnnciplc these methods are identical J rate d 
procedures for ammo acid assay descnlied in Chapter 33 and ll 
on P toot A table outlining the conditions for extraction, hydroiy , 
optimal concentration for microbiological vitamin assays by sci 
methods is gn en on p 1131 


THIAMINE 

The term “deficiency disease” was first applied to a condition 
benben, which was common in southeastern Asia and the islands o 
Pacific Ocean The similarity in pathology between this disease and p ^ 
neuntis observed in fowls restricted to a diet of polished nee, botn % 
which could be cured by feeding the “silvcrskm” (i e , pencarp and g cr 
of the grain, prompted Eijkman in the Dutch East Indies, to m'es n 
the subject from the nutritional standpoint Eijkman produced h® n 
m fowls on a diet of polished nee and prevented the syndrome by die a ^ 
means His classic studies, reported in 1890-1807, paved the way ^ 
host of other investigations which culminated in the formulation ^ 
vitamin hypothesis Besides those Onental countries where polished ^ 
is the mam article of diet, other places in which benben has been of 

are pnsons or asylums localities where the diet is apt to be restrict 
faulty, and w ar-stneken countncs . _ 

After numerous attempts to isolate the vitamin by methods invo 
silver or lead precipitation crystallization of a picrate, adsorption, 
the vitamin was finally crystallized from nee polishings by Jan c en 
Donath m 1920 in the very laboratones in which the onginal studies 
conducted by Eijkman, who was able after thirty years to confirm 
antincuntic activity of the crystalline vitamin hydrochlonde A dec ^ 
later the structure and synthesis of the vitamin were announced by 1 
\\ tlliams and his co-w orkere re 

Clinical rases of tlnamme deficiency in the W estem Hemisphere a 
rare today Subclmical ea^es of deficiency are probabh more preva 
nrwing from a limited intake of the vitamin or from increased rcqui 


1 



Chap. 35 


Vitamins and Deficiency Diseases 


1135 


merits such as are observed in pregnancy or lactation. The neuritis ob- 
served in cases of chronic alcoholism has been claimed to result from 
diminished intake of food as well as insufficient thiamine to metabolize 
the alcohol consumed. 

Physiological and Clinical Aspects of Thiamine * 52 Thiamine is es- 
sential for the growth and metabolism of all animals as well as of many 
plants and microorganisms. Deficiencies are characterized by a variety of 



Fig. 276. Effect of Tiiiamine Deficiency and Subsequent Change to 
an Adequate Diet. 

The spastic paralysis shown in the upper figure was cured (beloic) about 
24 hours after addition of thiamine. 

Smith and Mansell; U.S. Dept. Apr. Ci'rc. Ko. Si, 1929. Courtesy, The Bureau o( Home 
Economics, U.S. Department of Agriculture. 

symptoms and clinically are often complicated by the effects of lack of 
other nutrients. 

In thiamine deficiency (avitaminosis Bi) a form of peripheral neuritis 
is manifested affecting both the sensory and motor nerves. During the 
early stages neuralgia and cramps of the calf muscles are common; as the 
condition advances the thigh muscles become weak and toe- and foot- 
drop develop along with hypesthesia. The acute disease, beriberi, may be 
of the dry type, in which cachexia, numbness, and paralysis are the pri- 
mary symptoms, or of the wet type, associated with marked ("pitting") 
edema and paresthesia of the extremities. In animals the symptoms are 

** Cowgill: ‘'The Physiology of Vitamin Bi,“ in The Vitamin*. Chicago, American 
Medical Association, 10.19; Veddcr: “The Pathology of Beriberi,” ibui.- f*trau«s: “The 
Therapeutic U«e of Vitamin Bj In Polyneuritis and Cardio\ a«eutar Conditions,” ibid 
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loss of muscular coordination, spastic O ^™trom’thc , »>'m^ 

(opisthotonos), and paralysis (see n K . J ™. ^, mini , tcrc d, ' K pc- 
toms of polyneuritis is very rapid alien thiamine is administer 

^DeWhtj^nml'progrev-iv e decline in weight arc obscri'cd 

IS, deficiency as a result of anorexia (loss of nPP ctltt '>- on ; „hich 

striking symptoms of this deficiency disease. I hc oss of appet.h , 

is the main cause of growth failure lias been attnhnted to a fi ^ 

systemic disturbance rather than to diminished aeeretoiy function 

digestiv e glands or to reduced gastric motility, although d, min 1 mine 

function of the gastrointestinal tract is observed clinically m 

dC Thc n ra J pid restoration of appetite following thiamine supplementation 
of avitaminotic subjects has been regarded as indicating “ b l*j r ' P £_ 
titc-stimulating fumtioi. of the vitamin. The anorexia of thiamme 
ficiency, however, is more probably explained by the impaired a c 
hydrate metabolism of cellular tissue in general. Attempts to cxpl 
loss of appetite on the basis of lowered secretory or motor lunett 
diminished basal metabolic rate ha\c not succeeded. tbc 

In polyneuritis pathological changes in the tissues and organs 
body include cardiovascular and neural disturbances and atrophy 
endocrine glands and other \ital organs, but hypertrophy of the a( |J’. c 0 j 
Prolonged deficiency results in cardiac failure and death An outu 
the clinical symptoms of thiamine deficiency is given in the Amc 
Medical Association syllabus on p 1289 . tbc 

Degeneration of the myelin sheaths of peripheral nerves and also o 
ganglion cells of the brain and spinal cord is produced in expenrae 
polyneuritis, but since similar findings are obsened in starvation c ^ 
when the supply of thiamine is adequate, it is preferable to regard 
primary neurological effect of the a\itaminosis as a functional defect c 
cerned with the physiology of the neurons “ The rapid recover}' 
neurological symptoms which follows thiamine therapy supports 

In 1937 Lohmann and Schuster* 4 isolated from yeast a cry' sta ^j^ 
coenzyme, cocarboxylase, the pyrophosphate ester of thiamine. When ^ 
compound is bound to a specific protein (apoenzyme) from yeast, a ” ^ 
magnesium ion, an acti\e enzyme (carboxylase) is formed w hich cata . 
the decomposition of pyruvic acid to acetaldehyde and carbon dioxi 
Dnpbosphorylated thiamine has no cocarboxylase activity, althoug 
can stimulate the action of cocarboxylase in alkali-washed yeast prepa 
tions The pyrimidine portion of the vitamin with an intact amino S r ° 
has similar properties Substitution of the magnesium by other tin a 
ions or combination of the cocarboxylase w ith different specific apoenzy 
may result in more than one form of the enzyme and in somewhat di 
ished biological activity , 

Free thiamine is phosphorylated in mo to cocarboxyriase (or dip 


Wolbach J Am Sled Aesoc , 10*. 7 (1937). 

1 Lohmann and Schuster Salurmetenechaften, 25, 26 (1937) 
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phothiamme) by In er and kidney tissue and to some extent by muscle and 
brain The phosphorylating agent appears to be adenosine-5 -tnphos 
phate (ATP) 

In animal tissues, cocarboxylase plays a role in various reactions 
involving principal!} the decarboxylation of pyruvic and other keto 
acids In the brain, cocarboxylase participates in the anaerobic dismuto- 
tion of pyruvate to lactate and acetate, and their subsequent oxidation to 
carbon dioxide and water In liver and other tissue cells, cocarboxylase is 
involved in the conversion of pyruvate to oxalacetate winch combines 
oxidatively and irrev ersibly with another molecule of py ruv ate to enter 
the tricarboxylic acid cycle The oxidative decarboxylation of ketoglu- 
tarate to succinate and of py ruvate to acetoacetate, and the conv ersion 
of pyruvate to the acetyl group of acetyl-coenzyme A (see p 1188), are 
additional examples of reactions found to be mediated by cocarboxylase 
It is not an exaggeration therefore to say that thiamine occupies a 
key position in at least the terminal stages of carbohydrate metabolism 
In advanced thiamine deficiency both py ruvate and lactate accumulate in 
the blood w hereas gly cogen increases in the In er and heart muscle Hats 
subsisting on diets of glucose or casein alone survive twice as long when 
thiamine is added 

Diphospho thiamine may be involved in the synthesis of acetylcholine 
and in the control of its hydrolysis tn two The activ lty of cholme esterase 
of serum is strongly inhibited by cocarboxylase 

The av erage American diet has been estimated to contain 1 3 mg of 
thiamine per day Poor to bread and flour enrichment, the value was 
0 8 mg Moderate thiamine deficiency may be the root of many ill defined 
nutritional disturbances, especially when anorexia is a symptom Such 
cases respond readily to the therapeutic test, i e , supplementation of the 
diet The thiamine requirement is a function of sex body w eight, muscular 
activity, and other conditions Diet, especially the intake of nonfat 
calories is an important factor The recommended daily allowances of 
thiamine are shown in the table on p 1108 The remarkable tolerance for 
thiamine is indicated by the fact that 500 mg hav e been taken daily for 
a month by normal people, without any objective sy mptoms It is of in- 
terest in this connection that peripheral neuritis in chronic alcoholism has 
been attacked therapeutically on the hypothesis that the condition is due 
partly to a disturbance of the vitamin Bi nonfat calorie ratio 

It has been shown that lactatmg rats require an additional quota of 
antmeuntic vitamin, in the absence of which the mother will neglect or 
destroy the litter The vitamin may be supplied directly to the young or 
indirectly through the mother’s milk 65 

Thiamine and its compounds are the on]} natural]} occurring sub- 
stances having vitamin Bi activit} for the higher species Certain syn 
thetic analogs have less biological potency , e g the compound having a 
methyl group m the G-, rather than in the 2 position m the pyrimidine 
nucleus, the 2-ethyl, instead of the 2 methyl, compound is active for 


“ Sure J Biol Chem, 76 6S5 (I92S) Sure and Walker J Biol Chem 91 GO ( 
Macy Outhou«e Graham and Long J Biol Chem 73 189 (1927) 
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rhycomyces; thtamine of lias full activity 

4-methyl-5-liydroxyethylthiazole. tUo tn .e pyridine 

"CM 

t rations being present m the heart, liver, and hidnejs tna by 

and brain. It is possible to increase tbc thiamine content of th j cvcn 
dietary' means; honover, their storage capacity is so limited It 

under these circumstances only a (civ necks reserve cani) c( 

is thus important that the daily diet include an adequate PI 

th Whereas certain microorganisms can synthesize the vitamin, fl" 
require an external souree; some utilize the thiazole and pynmrfmc : po^ 
tions — e.g , Pkycomycet biolezleontu— nhcrcas others can syntlie 
moiety and combine it nith the other ol, tamed from an external sourc^ 
Thiamine is synthesized by all higher plants, though to only 

extent in the dark. . , , ... An not nec d an 

Though all animals require thiamine, sheep and cattle do nor n 
external supply since the vitamin is synthesized in sufficient amo 
bacteria in the rumen. Though thiamine is known to be synthes ^ 
intestinal flora in rats and humans, the nutritional importance 
contribution is not known Difficulties encountered in the procluc . r 
experimental thiamine deficiency in humans subsisting on a aiet 
thiamine have been attributed to the intestinal synthesis f or 

Thiamine and cocarboxylasc have the same biological activi y ^ 
higher animals Thiamine can be phosphor* lated by live yeast, y ^ 
yeast, or by a phosphatase obtainable in the presence of hexoseuu 
phate, adenosinetriphosphatc, and a specific protein The vitamin m ^ 
also be phospborylated by certain bacteria Liver and kidney, ana t 
extent muscle and brain, can perform the same function 

Distribution of Thiamine. 56 This vitamin is essentially of plan 
gin There is no proof of its synthesis by the animal body proper alt >° ^ 
it is synthesized to some extent hy bacteria in the intestinal trac 
presence in such products as milk, eggs, and liver depends on the d *f 
supply of the animal Of the various meats used for human consump 
pork muscle is the richest in thiamine The ability to synthesize thia 
is possessed by plants and by lower forms of life, e g , bacteria, mo s »^ 
yeasts The latter are a potent natural source of this factor, as v<c 
other components of the vitamin B complex. 


Tor tin 


Talon in foods sec Appendix III. 
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Thiamine is widely distributed in the plant world, seeds, Jeav es, roots, 
stems, and fruits being recognized sources In cereal grains as a class, 
thiamine is found in highest concentration m the germ or embry o, less in 
the bran, and least in the endosperm The amount of thiamine in a milled 
gram such as flour depends on the proportion of each part of the gram 
present Lea\ es and grasses (e g , spinach, alfalfa, timothy hay, etc ) are 
nch sources of thiamine as are also beans, nuts, fruits, milk and egg > oik 

Vitamin Bi maj occur in natural materials as free thiamine, as a protein 
complex, as pyrophosphonc acid complex (cocarboxylase), and as a 
phosphorus-protein complex In milk, the vitamin is present both as free 
thiamine and as the vitamin protein complex In brain and liver, it is 
found as cocirboxy lase and as its protein complex In wheat, thiamine 
occurs m the free form In blood, it is present as the pyrophosphate in the 
cells and as free vitamin in the serum Thiamine is excreted in the free 
form in the urine 

Chemistry of Thiamine. The efforts of many m\ estigators to isolate 
pure crystalline thiamine from natural sources culminated in the work of 
Jansen and Donath (foe at ) They adsorbed an acid extract of nee polish- 
ings on clay', eluted with Ba(OH)s, and alternately' precipitated (first with 
silver nitrate, then with phosphotungstic or silicotungstic acid) and de- 
composed with acid, finally obtaining a platmic chlonde precipitate from 
which a crystalline thiamine hydrochlonde was prepared The procedure 
yielded about 1 part of the vitamin from 3,000,00 0 parts of nee polishings 

Analy sis of the cry stnlhne vitamin led to its synthesis by' Williams and 
his co-workers in 1936, 47 which was soon followed by large-scale com- 
mercial production Thiamine chlonde is 3-(4'-amino-2'-methylpy nmidyl- 
5'-methy l)-5-/3-hy droxv ctli\ 1-4-methy Ithiazohum chlonde Its hydro- 
chlonde, commonly called thiamme chlonde, is 


N=C— NH* Ha 


CH 3 


CH; 




0=C— CH 2 CH,OH 

„ , ^CH— l 

CH Cl 

Thiamine chloride hydrochloride 
(C„H„\.S0C1 HC1) 


Thmmine hydrochlonde is a white crystalline solid The crystals are 
stable at 100° C for 24 hours but decompose when heated to the melting 
point of 249° C The compound is hygroscopic and dissolves in water to 
form an acid solution which is optically inactive One gram dissolves in 
1 ml of water, in IS ml of glycerol, in 100 ml of 95 per cent alcohol, or 
m 315 ml of absolute alcohol It is insoluble in ether, acetone, chloro- 
form, and benzene The vitamin has a charactenstic yeasty odor and 
taste 


w Williams J l»i Clem Soc 5S 1003 (1036) Cline WiUi*uii« and I inkeMcm J Am 
Chem S or N9, 10o2 (1937) W ilhinis Ind Eng Chem 29 930 (1*13“) Tho h\ nthriLi of 
thiamine w is also accomplished at about the same time bj Todd and Dergel (/ Chem 
Soc , p 30-1 (1937)) and by Ander^ag and Westphnl (Ber "0 2035 (1937)) 
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assay of unne by the thioehrome method In the anal} sis of matenals 
that yield clear solutions and low blanks, preliminary tests may J«sW) 
omission of the adsorption-elution step (in both the standard and un- 
known) Examples of such matenals are certain pharmaceutical prepara- 
tions, enriched flour, meat extracts, and milk , 

In the eolonmetne procedure, the eluate from the zeolite is first ad e 
to a solution of phenol in alcohol to increase the sensitiv lty of the test 
The solution is then made alkaline and diazotized p-ammoacetophenone 
is added The mixture is allowed to stand while the red dye develops Ine 
latter is then extracted selectively by xylene w hich leaves behind m t e 
aqueous phase dy es produced by the coupling of the reagent w ith pheno , 
phosphorylated thiamine (if present), acid base indicators, and other in- 
terfering compounds Results obtained by the eolonmetne procedure 
agree well with those obtained by biological assay 

Since manj microorganisms require an external supply of thiamine tor 
growth, microbiological methods may be employed for the determination 
of this v ltamin Caution should be exercised in the choice of microorgan- 
isms, however, since some can utilize portions of the thiamine molecule, 
or degradation products of the vitamin which are not biologicall} active 
for higher organisms Successful microbiological assays have been con 
ducted employing Lactobacillus fermenlum 3G, the growth of which, under 
the conditions of the test, is not stimulated by the pyrimidine or thiazolc 
portions of the thiamine molecule, cither alone or together Results ob- 
tained by yeast fermentation methods are erroneous if the pyrimidine 
portion is present, since it stimulates yeast fermentation Correction for 
this interference may be made by conducting a test on a sulfite-treated 
sample in which the thiamine is inactivated 62 63 

Cocarboxylasc may be determined specifically and directly by meas- 
urement of the carbon dioxide produced by decarboxylation of pyruvic 
acid by yeast cells previously washed free of cocarboxy lasc 84 

Human thiamine deficiency, both clinical and subchnical, may b° 
diagnosed by several biochemical procedures These mv olve measurement 
of the concentration of thiamine, cocarboxy lasc or pyruvic acid in th® 
blood or unne Since the levels of the<*c compounds may fluctuate widely 
depending on the dietary intake for sexeral days immediately preceding 
the test, a more reliable diagnosis is made when the response to a test do cc 
of the vitamin is measured A simple and reliable diagnostic test"" »«' 
volves eolonmetne measurement (sec p 1144) of the urinary excretion of 
thiamine in the 4-hour period following intramuscular injection of Q3 j 
mg of the \ itamrn per square meter of body surface, 12 hours after the 
last meal \ ormal indiv iduals excrete more and dc ficient subjects lc^s than 
"Aig of thiamine during tin 4-hour penod 
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CHEMICAL METHODS 

1. Modification of the Fluorometric Method of Hennessy and Cerecedo: 11 
Principle. The thiochrome method for tlie determination of thiamine imohes ex- 
traction of the vitamin, dephosphorjlation, purification bj adsorption-elution, and 
oxidation The fluorescent thiochrome is extracted with lsobutanol and determined 
fluorometncally For a general discussion of fiuorometrj sec Chapter 23 

Procedure: Preparation of Sample. Extract a sample containing not more 
than 2 g. of solids by refluxing for 0.5 hour with 75 ml. of 0.1 N sulfuric acid. 
Cool to -10° C. If the material is rich in protein, add 0.5 g. of 
pepsin and incubate oxer night at 37° C. Bring to 100° C. and 
then cool. Add 10 ml. of 1.8 M sodium acetate and adjust the 
pH to 4.5 If necessary. Add 0.5 g. of “Taka-Diastase” and 
incubate overnight at 37° G,, or 3 hours at 45-50° C. Cool. Dilute 
to 100 ml. with distilled water, and filter. 

Pass an aliquot of the filtrate containing approximately 3 5 
pg. of thiamine through a base-exchange tube** containing a 
column of activated zeolite.** Wash the column twice with 
20 -ml. portions of distilled water. Elute the vitamin with 25 
ml. of 25 per cent potassium chloride in 0.1 N hydrochloric acid. 

Mix the eiuate. 

Pass a standard solution containing 5 pg. of thiamine in 
acidulated water (pH 4 5) through a separate column, and elute 
as above. 

Fluorometric Procedure. Pipet a 5-ml. aliquot of the eiuate 
into each of two 30-ml. separatory funnels. Specially prepared 
separator} centrifuge tubes, (see Fig. 277) are particular!} valu- 
able for this purpose. To one, the test (T), add 3 ml. of potas- 
sium ferricyanide solution. 70 Add 16 5 ml. of isobutanol to both, 
then 3 ml of 15 per cent sodium hydroxide to the other, the blank ( B ). Shake 
the funnels for 1.5 minutes, centrifuge, and discard the aqueous phases. 
Clarif} the Isobutanol layers by shaking with approximately 1 g. of anhydrous 
sodium sulfate, transfer to curettes, and read in a Suorometer equipped trlth 
appropriate filters. 71 Use an aqueous solution of quinine sulfate containing 
0.2 per ml. in 0.1 N sulfuric acid to check the setting of the instrument. 



Fig 277 
Sepxrvtort- 
Centrifdge 
Tube 

Courtesy, 
Scientific Gloss 
Apparatus Co 
Bloomfield, 
N J 


* 7 Hennessy and Cerecedo J Am Chtm Soc ,61. 179 (1939), Hennessy Ind Ena Chem , 
Anal Ed , 13, 216 (1941) 

** The base-exchange tube contains a reservoir at the upper end having a capacity of 
approximate!! 30 ml , followed bj a tube of 5 to 6 ram internal diameter approximately 
14 cm long At the lower end 13 a capillarj of such diameter that when the tube is charged, 
the rate of flow will be approximately 1 ml per minute 

*’ Approximately 50 mesh '* Decal «o " Act i\ ate the zeolite bj stirring with four 10-volume 
portions of 3 per cent acetic acid for 10 minutes each Between the second and third acid 
wash treat for 15 minutes with 5 volumes of 25 per cent potassium chloride solution Wash 
the leolito with water till free of chloride then with alcohol, and ether Drj in air and store 
in a sealed bottle riaee a pledget of glass wool oxer the upper end of the capillary , and pour 
a water suspension of 2 g of the activated zeolite into the tube 

70 Dissolve 30 mg of potassium fernev amde In 100 ml of 15 per cent sodium hydroxide 

71 The fluorometer should be equipped with an ultraviolet light source and a filter with a 
transmission peak at 3700 A Between the glass cuvette and the photocell insert a secondary 
filter with a transmission peak at 4G00 A Since thiochrome is unstable to light, make the 
measurements rapidly and in a semidark room 
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Calcclatiov Calculate the thiamine content of the sample employing the formula 


T.-B. 5 


X 


25 100 

A X G 


= mS thiamine per g of sample 


TV equals the gaUanometer reading obtained with the isobutanol extract of the 
unknown treated with ferricyanide, T, ls the corresponding \alue obtained with the 


standard B„ and B t are the gaUanometer readings obtained in the blank tests con 
ducted on tlie unknown and standard respectively , A is the \ olume of the unknown 
solution passed through the column and G is the weight of sample taken for anal} sis 


2 Colorimetric Method of Hochberg, Melnick, and Oser 77 Principle The 
red pigment formed in the reaction between thiamine and diazotized p-aminoaceto- 
phenone is measured in a photoelectric colorimeter The method 1 m olves the prepare 
tion of a clear extract of the free s Mamin, adsorption on and elution Irom a zeolite 
column reaction with diazotized p-aminoacetophenonc extraction of the Ted pigment 
with xylene and comparison with a standard similarly treated The method is appb 
cable to the determination of thiamine m urine Here the extraction and en zym fC 
hydrolysis are omitted and the urine samples after adjustment of the pH to 4 5 are 
passed dircctlj through the zeolite column 
The use of large samples for analysis makes the colorimetric method sufficient 
sensitn e for the determination of thiamine in roost products However, it & not 
recommended for the assay of materials rich in protein but low in thiamine Because 
large samples are taken for analysis high concentrations of adsorbablc anuno acid* 
are Teleascd which interfere with the retention of thiamine on the zeolite column 
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through the outside jacket, and pour 30 mt of water on the column Allow 
to heat for one-half minute, then draw through with full suction to wash 
and heat the zeolite adsorbate Elute the thiamine immediately by passing 
10 ml of 25 per cent potassium chloride solution in 0 1 N hydrochloric acid 
down the wall of the hot condenser Collect at the rate of approximately 
1 drop per 2 seconds, drawing through the final few drops by suction Wash 
the zeolite column with 200 ml of distilled water under full suction and 
with the steam on Cool the column by running the last 50 ml of wash 
through with the steam turned off The apparatus is then ready for the next 
extract 

Pass a standard solution containing 30 Mg of thiamine in 50 ml of acidu 
lated water at pH 4 5 through the column in the same manner as the test 
extract 

Coloritnetrtc Procedure Transfer the eluate to a 100-ml centrifuge tube 
Add 10 ml of alcohol phenol reagent, 7 * previously poured Into the receiving 
tube as a wash, then 2 drops of a 1 per cent alcoholic solution of thymol blue 
Bring all samples to this point before proceeding Handling one tube at a 
time, add 2 N sodium hydroxide dropwise, with constant stirring, till the 
first distinct blue color Is produced, then immediately add 25 ml of freshly 
prepared thiamine reagent 74 Allow to stand at least 2 hours, or preferably 
overnight, at room temperature Add 5 to 15 ml of xylene and shake vigor- 
ously for 3 minutes Centrifuge Transfer the xylene layer by means of a 
U tipped pipet to a Nessler tube, a visual colorimeter cup, or the absorption 
cell of a photoelectric colorimeter (520 m/i filter), and evaluate versus the 
standard solution 

Calculation The color intensity is linear in the range recommended Calculate the 
thinmine content of the sample using the formula 

X 30 X ^ = Mg thiamine per g of sample 

U/S is the ratio of the concentration of red pigment in the unknown to that in the 
standard (the ratio of the photometric densities when a photoelectric colorimeter is 
employed) G is the weight of the sample in grams 

BIOLOGICAL METHODS 

The symptoms of thiamine deficiency which have been adapted to 
biological assay are polyneuritis and anorexia Pigeons, 77 chicks, 78 and 


71 Dissolv e 3 9 g of phenol in 500 ml of 95 per cent alcohol Store in an amber glass bottle 
7 * Dissolve 0 635 g of p-armnoaeetophenone in 9 ml of concentrated hydrochloric acid 
and dilute to 100 ml with distilled water Dissolve 22 5 g of sodium mtnte in distilled 
water and dilute to 500 ml Dissolve 20 g of sod um h> dronde and 28 8 g of sodium bicar 
bonate in d stilled water and dilute to 1000 ml 

Diorotuum Salt Solution Pipet 5 ml of p-armnoncetopbenone solution into a 50-ml 
cylinder surrounded with chopped ice and water and provided with a stirrer Add 5 ml of 
sod um nitrite solution slowly and stir for 10 minutes Add an additional 20 ml of nitrite 
solution slowlj with stirring and keep in the ice bath for 30 minutea longer Store at a tem 
perature below 5 8 C and use the solution on the same daj it is prepared 

rAwmine Reagent Add 10 m! of the diazomum salt solution to 137 ml of sodium hydrox 
ide-bicarbonatc solution with vigorous stirring Allow to stand till the initial pink coloration 
changes to pale jellow (5-20 minutes) then u*e iramediatelj 

77 Kinnerslej Peters and Header Bioehem J 22 270 (102S) Coward Burn Ling and 
Morgan ibid 17 l" 19 (1933) Waterman and Ammerman J Nutrition 10 161 (1935) 
Carter and O Brien BiocAem J 31 2‘ > 64 (1937) 

7 * Arnold and Eh ehjem J A ulnlion 15 403 (193") 
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rats” are employed in the methods based on cure or P re '““°" ' 
neuritis, uhich hare the advantage of specificity but arc not as a , pt ^ 
to quantitative treatment as are growth methods Curatil e m 
based on the duration of the cure of head retraction in birds or of p > 
convulsions in rats, resulting from feeding graded do'es of tne 
matenal The difficulty arises in determining precisely when tne b, e 
toms have advanced sufficient!} to administer the test dose a 
“cure" is effected, the question being one of hours rather than da> . * 
subject to considerable personal judgment The pigeon-curauv* s ^ 

has strong defenders, particularlj among English workers Be 
differentiation of vitamin B was established, most of the studies 0 
antineuntic properties of the vitamin B complex were conducte 0 
geons, because rats rarely exhibit tj pical s} mptoms of polj neun is 
though the} cease to grow when deprived of this complex 
can be produced in rats by maintaining a state of partial deficien ^ 
order that the rats survive long enough for the s} mptoms to app c ^_ _ 
method based on the growth response of rats to graded doses of thia 
has been adopted b> the Association of Official Agricultural Chemis ^ 
In the complete absence of thiamine, weanling rats show » 8 aI 
weight for the first week or so, followed by a rapid decline and dea , ja 
25-40 da}s If life is prolonged on a submaintenance allowance of ^ 
mine, the characteristic picture of pol}neuntis appears, including la *\ 
appetite, torpidity, spastic mov ements of the head and legs, and, in 
severe cases, head retraction and paral}sis of the hind legs Lack of 
cular coordination and a tcndcnc} to hold the head to one side and wa 


circles are frequently manifested (Sec Fig 270, p 1135) , 

After 4-7 weeks, evidences of pol} neuritis are seen, including incoor^ 
nation, spasticity, and rolling movements Spinning the rat b} its tail ' 
usually evoke convulsive seizures When these become distinctive a 
consistent, the test foods or extracts are fed or injected in sufficient do & 
to effect cure, the quantitative criterion being the minimum dose « 
will prev ent a return of the symptoms for at least fiv c da> s This met > 

as adapted by the U S Pharmacopeia, is described in full on p 114° , 

The rat-grow th method of Sherman and Chase* 11 has been the basis 
many evaluations of the vitamin Bi content of foods and, except for , 
composition of the basal diet is substantially the biological assay met 
for thiamine tentatn elj adopted by the A O A C (see below) c 

Coprophag} must be prevented in assaj s for the B vitamins sin 
bacterial synthesis in the intestinal tract maj produce significant concc n 
trations of vitamins Thus rats maj grow on a B-free diet, this conditio 
being known as “refection Partial digestion (dextnmzation or gelati ^ 
zation) of the starch in the diet by boding has been recommended to a' 0 
refection 
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Rat Grout h Assa$ for Thtamme 81 Principle Rats depleted of their thiamine 
resenes by means of a vitamin Bi free basal diet are fed graded supplements of 
thiamine in the form of the standard or test materials The relativ c grow th responses 
<o the doses of assaj material and of pare thiamine constitute the basis [or evaluation 

Procedure Health} rats not exceeding 28 days of age and weighing between 
40 and 50 g are placed In Individual cages with raised wire mesh floors (not 
less than 8 X Smm mesh) Water and basal diet are fed ad libitum 


Basil Thiamine deficient Diets 


Sfertnan and Chase 


AO AC 


Casein (thiaminc-free) 88 

IS 

Casein (thiamine-free) 81 

18 

Starch 88 

53 

Sucrose 

60 

Salt mixture 45 

4 

Salt mixture 8 * 

4 

Butterfat 8 * 

S 

Lit er extract 

1 

Codln er oil 88 

2 

Codln er oil 

2 

Autoclav ed baker s j east 87 

15 

Autoclav ed yeast 87 
Autoclaved peanuts 88 

Pj ndovme 

5 

10 

0 0002 


The rats are weighed at Intervals not exceeding 3 days After 10 (but before 
30) days the rats are depleted, as evidenced by stationar} or declining weight 
over any 5 day period They are then assembled Into groups of 8 or more, one 
group being maintained on the basal diet as the negative control, the re- 
mainder receiving either graded doses of USP thiamine hydrochloride 
(0 l ml = 3 0 ng thiamine) fed directly mto the mouth by means of a syringe 
with a blunt edged 18 gauge needle or measured doses of the assay material 
corresponding in expected thiamine content to the amounts of standard fed 
to the reference groups The intervals between doses should be constant for 
both reference and assay groups each dose Is computed by multiplying the 
next lower dose by a constant factor (e g , 1 5 or 2) 

Calculation During the 4-weck assay period w e glits are recorded at weekly m 
tenals The average net gams of the reference groups are plotted and the average 
gains of the assaj groups interpolated on this curve in terms of thiamine content for 
each dose lei el of the assaj material 


81 Cited by Sherman and Srmth The l tlamins *>d ed New \ ork Reinhold Publish 
IngCorp 1931 Association of Offic al Agricultural Chemists Off exat and Tentative Methods 
of Analysis of the Association "th ed Washington DC 1950 

** Tbian me-free casein maj be prepared as follows St r 400 g of case n with 2 liters of 
CO per cent (bj rreigl t) alcohol for }-£ hoar let stand hours filter mth suction and wash 
with 1 liter of 60 per cent alcohol Repeat letting stand 18 hours and adding a final wash 
■with 1 1 ter of 90 per cent (b> we ghtj alcohol Spread on tra>s to dr\ m air \itan in free 
casein is suppl ed bj the Borden Co Bambridge N \ and bj General B ochemicals 
Chagrin Falls Ol m 
*'Seep 1146 

M See USP salt m xture p 126° 

** In place of butterfat and codln er o 1 10 per cent hj drogenated \ egetable od may be 
used togetl ern tl °000 UJ3 P units of vitamin A and 200 units of i itam n D per 100 g of 
basal d et added in the form of high potency fish liver oil or concentrate 
*> «ec footnote 93 p 1150 
** rice footnote 94 p 1150 
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It toured the deta ma> be treated ataljat.eaUy aecord.ag to the a„al> 
illustrated for vitamin A in Appendix \ I e , mg of thiamine per 100 

, vt TT °^ - - *• — - 

0 OOT me P aK 1 of er> etallmc thiamine hydrochloride 

ASS ATS FOR THIAMINE*’ 

Biological Method ot the U S Pharmacopeia XIV. ^ tbroug! , 

The biological aanay, comprising the recording M d.etaiy KP- 

out specified period, of their lnea, vrhile being ma nta.ned on sped 

1 ... . ..I A /Into 18 4Q fill OWfl . .1 


mens, and the interpretation of such data, ism 

Preliminaby "Pebiod *'~" t 4V- “ *'”* , "’ ,n,,rv n 


under the immediate supervision o. f v. «vv.u,.* # *- -- - t inet i 0 n a dietary 
assay er Throughout the prehm.nary period the rata riullte ” « ce pt that the 

regimen ahich shall provide tor normal deyclopment in all reaper , 
thiamine hydrochloride intake may be restricted „ r ,„d n ben the age ■>' 

Depletio, Pefiod A rat shall be suitable tor the depletion pi rioi ^ 450 , 

the cat does not eaeeed 30 day., and it the body weight ot the :T,U doe. n t 
and it the animal manifest. no cl .dence ot miuryor penod each 


lion oi Bucn uaia, w a* . . me* 0 

Throughout the preliminary period each rat the 

ipemsion of, or according to directions 8p ^‘ _ n - dietary 


which might hinder growth and development Throughout the d P (U SF) 

rat shall be provided with the thiamme hydrochloride test diet an 
ad liUlam, and during this penod no other dietary supplement .» » • 
the animal Throughout the depletion penod and until the assay shall h ne . h ol 
pleted, the rats shall be kept in cages prov ided with a w ire cloth bottom, 
winch shall be not less than 8 mm , , . hat t he depfe" 

Assay Period V rat shall be suitable for the assay penod, provident manifest 
a penod shall not have exceeded 7o days, and provided that the rat , .^tlS- 
iiuomina Via < 1 mehlnnde dpfieipnev characterized by acute p° j _ 


evidence of tluamme hydrochloride deficiency characterized by acute pwJ -j 
Throughout the assay penod each rat shall be kept in an individual cage a ^ ^ 
wdh the thiamme hydrochlonde test diet, compounded from the same period 
gredients and water (U S P ) ad libtlum On the day beginning the »■*> r ^ 
there shall be administered to each rat a single dose of the reference stan g 
size that it will produce in individual animals a curative penod of not leas ^ 
and not more than 15 days All of the rats used in an> one assay shall W** 1 * of 

quantity of the reference standard Each rat shall then be observed lor gtag e 

and recurrence of polyneuntis and when polyncuntis reaches the same a ^ #gg3 v 
observed when the reference standard was administered, a single dose o . ermin e «f 
product shall be administered The animals shall then be observ ed to ^ the 
polyneuntis is cured, and if so observation shall be made of the dura i 


penod Each assay shall inciuue successive au ministration ui **•*- — mister* 0 

and assay product to not less than eight rats The assay product may be * 
orally or parenterally, but in any one assay the reference standard shall pTO duct 
tered in the same manner as the assay product, and the quantity of the assay 
administered to each rat shall be the same mterr** 3 

Recording of Data. On the day beginning the depletion penod and a ^ t j, e 
of not more than 7 days dunng the depletion penod a record shall be m3 ^ f 0 r 
body weight of each rat On about the twenty fifth day and each day t ierea toCJ3 of 
the remainder of the depletion period each rat shall be observed for sy P 
poly neuritis. The following dates shall be recorded 

1 The day on which tl e reference standard is administered. 


** Grateful acknowledgment for permission to reproduce tbe*« methods 
i« made to Dr Lloyd C Miller and the Board of Trustees of the U-S B 
Convention Inc. 
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2 The day on which cure of poh neuritis is observed following the administra- 
tion of the reference standard 

3 The day on which acute polymcuntis recurs and the assay product is fed 

4 The da* on which cure of polvneuntis is oWn ed following the administration of 
the assay product 

5 The day on which acute poh neuritis recurs after the administration of the 
assn* product 

Thiamine Hydrochloride or \ it a min Bi Potency or the 4^ ay Product In 
leteronmng the thiamine hydrochloride potency of the assay product, the duration of 
the curative penod following the administration of the reference standard and the 
assay product shall be considered The dose of the assav product administered contains 
an amount of the thiamine hydrochloride equal to or greater than that contained in 
the derm of the reference standard administered if that quantity promotes in the 
assay animals a totai curative period (the sum of the number of days of the curative 
penod of each of the animals) equal to or greater than the total curativ e penod pro- 
duced bv administration o f the reference standard. 

Definitions \s used herein, unless the context otherwise indicate*, the term acute 
polyneuritis means that 'tage of thiamine hydroehlonde deficiency m which the animal 
regains control of the voluntan muscles, as evidenced by standing or walking a few 
seconds after extreme muscular contraction, which has been induced by twirling the 
rat by its tail (the onset of acute polyneuritis is invariably accompanied by loss m 
bodv weight) The term assay penod means the inter* al in the life of a rat between the 
last day of the depletion penod and the final observation following the administration 
of the assay product, the term assay product means a product under examination for 
its thiamine hydrochloride potenev , the term curative penod is the interval of time 
between the administration of thiamine hydroehlonde and the subsequent recurrence 
of acute polyneuritis after a complete disappearance of polyneuritis symptoms, and 
the duration of the curatire penod is expressed as the number of days in that interval, 
the term cure of polynevnhs means the complete disappearance of polyneuritic «ymp- 
toms and is invariable accompanied by increase m body weight, the term depletion 
penod means the interval in the life of a rat during which its food intake is only the 
thiamine hydroehlonde te*t diet and water (U-SP), the term preliminary penod 
means the interval m the life of a rat pnor to the depletion period, the term reference 
standard means the U-SP Thiamine Hydroehlonde Reference Standard,*® the term 
thiamine hydroehlonde test diet means a uniform mixture, which has not been com- 
pounded for more than 7 dav s, of the following food materials and in the proportions 
designated 


11 Suggestions for L sing the U SJ* Thiamine B jdrochlonde Ptference Standard. 

Before preparing a “olation of the Reference Standard dry it to constant weight in a 
desiccator over phosphorus pentoxide 

Precaution* to be Taken in the Preparation of Solutions Because of the hygroscopic nature 
of the completed desiccated UJS P Thiamine H\ drochlonde Reference Standard it is 
preferable to transfer the quantitj required for a test to a small glass-stop pered weighing 
bottle m which it can then be weighed on a microbalanee or an ordinary balance according 
to the number of tests fo' which it is to be used Even without such precautions however 
<*xpo*ure to air during weighing will not cause an increase in weight of more than about 0 6 
per cent if the operations are completed within o mmates. 

"Neutral and alkaline «olutions of thiamine hy drochlonde are unstable and wate»- 
acid solutions are readily infected b\ molds which inactivate the vitamin Therefore stock 
solutions should be prepared using 2o per cent alcohol and containing sufficient hydro- 
chloric acid to make the solution approumsteh 0 002 \ \ convenient strength for a stock 
solution is 0.5 mg. of thiamine h% drochlonde to each ml Tfjc-e solutions are stable if stored 
at about 4° 

'kilutionsof suitable strength for animal dosage (20 to 100 /ig. per ml ) must be made at 
least twice weekly from tl e stock solution bv dilution with water Such dilutions must be 
kept at a low temperature and examined daily for mold 
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down all of the silicate from the wall- of the resen oir To keep air out of the adsorp- 
tion column, a layer of liquid must be kept abou the surface of the siln \te through- 
out the adsorption process and the tube mij be predated from draining by placing a 
rubber cap (filled with water to avoid inclusion of air) o\er the lower end of the 
eapdian 

Aectual Potassium Chloride Solution Dissolve 250 g of reagent potassium 
chloride m sufficient water to make 1000 ml 

Acid Potassium Chloridf Solution Vdd S 5 ml of reagent hydrochloric acid to 
1000 ml of the neutral potassium chloride solution 
Sodium Htdroxide Solution, 15 per cent Dissolve 15 g of sodium hvdroxide 
in sufficient water to make 100 ml 

Potassium Ferrxctamde Solution, 1 per cent Diasoh e 1 g of reagent potassium 
femey amde m sufficient water to make 100 ml This solution must be freshly pre- 
pared on the day it is used 

Oxidizing Reagent Prepare the solution by mixing 4 0 ml of the 1 per cent potas 
sium fernev amde solution with sufficient of the 15 per cent sodium hy droxide solution 
to make 100 ml This solution should be used w ithm 4 hours 

Quinine Sulfate Stock Solution Quinine sulfate solution is used to govern the 
reproducibility of the fluorophotometer A stock solution of quinine sulfate is pre- 
pared by dissolving 10 mg of quinine sulfate m sufficient 0 1 A sulfuric acid to make 
1000 ml Preserve this solution in light resistant containers 
Quinine Sulfate Standard Solution Dilute 1 volume of the quinine sulfate stock 
solution with 39 volumes of 0 1 X sulfuric acid This solution fluoresces to approxi- 
mately the same degree as the tliiochrome obtained from 1 fig of thiamine hy dro- 
chlonde Prcserv c this solution in light resistant containers 

TniAMiNE Hydrochloride Stock Solution A\ cigh accurately not less than 25 mg 
of U S P Thiamine Hy drocliloride Reference Standard which has been kept m a 
desiccator o\er phosphorus pentoxide for at least 1C hours Since the Reference 
Standard is hygroscopic, precautions roust be taken to avoid absorption of moisture 
I)i«sol\ e in 20 per cent alcohol adjusted to a pH of 3 5 to 4 3 w ith hy drochtoric acid 
and make up to a -volume of 1000 ml Store m a cool place in a well-closed, hght- 
resistant container 

Thiamine Hydrochloride Standard Solution From a portion of the stock solu- 
tion that has been warmed to room temperature, transfer to a 100-nd "volumetric 
flask an aliquot containing exactly 100 fig of thiamine hy drocliloride, and dilute to 
100 ml with water adjusted to a pH of 3 5 to 4 3 w ith hy drochlonc acid Each ml of 
this solution contains 1 fig of thiamine hy drocliloride 

Dilutions of this solution are treated in the same manner as that used in the Prcpara 
Don of Assay Solution with respect to acid digestion, enzyme treatment, adsorption, 
and elution from the base exchange silicate 

Preparation of Ms at Solution The amount of material taken for the assav 
should be such that the ratio of the volume of 0 1 A sulfune acid u«ed for the extrac- 
tion to the quantity of sample is at least 15 to 1, and the content of thiamine equiva- 
lent to 30 to 100 jig of thiamine hydrochloride Place the accurateh w eighed quantity 
of the material to be assay ed in 65 ml of 0 1 jS “ulfunc acid contained in a 100-ml 
centrifuge tube and digest it on a steam bath, w ith frequent mixing, for 30 minutes, or 
heat in an autoclave at 121° to 123° for 15 minutes. The liquid must remain acid 
during the digestion If it is not distinctly acid to the thy mol blue pH indicator, add 
"sufficient diluted sulfuric acid to make it acid Cool, and adjust the pH to between 4 
and 4 5 b\ the addition of 2 N sodium aeetate "solution, using bromocrcsol green pH 
indicator as an external indicator in conjunction with a spot plate Add 5 ml of the 
cnzvmc solution, mix, and incubate at 45° to 50° for 3 hours Cool, centrifuge the 
mixture until the supernatant liquid is clear or practically so, and quantitati\ el\ 
transfer the supernatant liquid to a lOO-m! volumetric flask V. ash the residue by 
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centiifuging w ,th 10 ml , then tenth 5 ml of 0 I k suhune acid Add the teashmg. « 
the jupcnMtant liquid and dilute to 100 ml with solution estimated 

Pass through the prepared ba«e exchange tube an ahq nor tions of boiling 

,0 contain 5 to 10 pg of thiamine tt ash the tube w ith hree ^ ' 

water tahmg care to prevent the surface of the liquid from falling below 

of the silicate -..^posively through 

Elute the thiamine from the lose exchange tihale by passing u ^ fot 

tl e tube small portions of hot and potassium chloride eolation ^ 

to no ml of the liquid (Slums) in a glass-stoppered, 2a-ml a otametn «, „,„M 

dilute to a aolume of 2o ml with acid potassium chloride solution 10 
the assay solution 


Oxidation of Thtamme to Thiochrome and Measurement of ri ng 

Determine the thiamine content of the oxidized assay solution y ultra 
the Intensity of fluorescence of an extract of this solution e *P os Th j a min e 
violet rays ranging from 350 to 400 mu with that of ox 1Z * 1S pr o 
Hjdrochlorlde Standard Solution The intensity of the fluoresce hthe 
portional to the quantity of thiamine present and may be measure 


aid of various instruments solution 

To oxidize thiamine to thiochrome add to quantities of the ass J c(jn 
and of the similarly treated Thiamine Hydrochloride Standard So u 
talnlng from 0 10 to2 of thiamine, sufficient acid potassium ch or In j 
tlon to produce a volume of 5 ml Then add, with mixing, 3 °. . T1 g 0 r 

solution Within 2 minutes add 13 ml of isobutyl alcohol and sna 
ously for at least 1 K minutes Centrifuge the mixture at a low spee ^ j Q 
clear supernatant solution is obtained Measure in a fluororneter ^jj 
tensltj of fluorescence of the isobutyl alcohol solution directly if c car^ 
cloudy, after shaking with 2 g of anhydrous sodium sulfate Cornpar 
this the Intensity of fluorescence produced after oxidation of the p *°,{ ate 
prepared Thiamine Hydrochloride Standard Solution Quinine 
Standard Solution is used to govern the reproducibility of the Instru t |, a n 
Correction must be made for fluorescence produced by substances o . 
thiamine b> determining the Intensity of fluorescence of Thiamine 
chloride Standard Solution, and assay solutions treated as describe 
but with 15 per cent sodium hydroxide solution replacing the ox 

reagent Thi 3 m iI ‘ e 

The Thiochrome Method Is applicable to substances such as » up on 
Hjdrochlorlde, and a number of other products, but cannot be rel e 
when certain Interfering substances are present, in the latter case, u 
Biological Method, p 1148 


RIBOFLAVIN 
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growth-promoting properties of the vitamin on rats Riboflavin was syn- 
thesized shortly thereafter 98 

The clinical syndrome of anbofinvmosis Mas first described m 1938 by 
Sebrell and Butler 99 Anboflavinosis occurs more frequently among in- 
fants and children 100 than among adults and since its prevention depends 
upon an adequate diet it occurs most often among low income groups 101 
It is one of the more common dietary deficiency diseases and is usually 
associated with lack of other vitamins, notably niacin It is characterized 
by the occurrence of cheilosis and glossitis 
The naturally occurring flavins — lactoflavm, ovoflavin, hepatofiavm, 
and verdoflavin — isolated respectn ely from milk, eggs, In er, and grass, 
are all chemically identical with nboflav in 

Physiological and Clinical Aspects of Riboflavin. Vitamin B s de- 
ficiency affects primarily the ectodermal tissues, producing lesions of the 
skin, eye, and nerv ous sy stem One of the earliest symptoms is cheilosis, 
manifested at first by transv erse fissures at the corners of the mouth, raw 
and scaly' Ups, and finally by r many vertical, deep fissures The tongue as- 
sumes a purplish or magenta tinge and glossitis (flattening of the papillae) 
is observed 4 seborrheic dermatitis occurs at the body folds, e g , at 
the alae nasi, and in the scrotal and vulvar regions The ocular manifesta- 
tions of riboflavin deficiency include dryness, burning and itching, 
photophobia and Jammaiion, and vascular invasion particularly at the 
scleral junction of the cornea Cataracts due to pigmentation and capillary 
invasion of the cornea are known to occur in ammals on a nboflavm- 
deficient diet, but it is uncertain to what extent human cataracts result 
from dietary causes Though these symptoms may not individually be 
specific, cheilosis, glossitis, seborrheic dermatitis, and corneal vasculariza- 
tion constitute a group of signs which separately or in combination are 
observed m anboflat inosis The sy mptomatology’ of clinical riboflavin 
deficiency is outlined m the syllabus on p 1291 

Clinical tests of the riboflavin content of blood and unne have been 
employed for the diagnosis of riboflavin deficiency Normal individuals 
have a blood level of 0 5 per ml and when subsisting on an adequate 
diet excrete 500 to 800 pg per day in the unne The excretion and blood 
levels show diurnal vanations depending upon the dietary intake A 
diagnostic procedure mvohes measurement of the unnary excretion for 
4 hours following the intravenous injection of 1 mg of nboflavin ,0 ‘’ 
Blood riboflavin may be determined by the microbiological procedure, 
employing Lactobacillus casct, or by the fluorometric method In addition 
to nboflavin, the latter measures uroflavin, a metabolite of the vitamin 
Riboflavin is required by all ammals and many microorganisms A 
deficiency’ of the v itamin in young ammals results in inhibition of growth 
terminated by death In rats, the syndrome includes early atrophy of the 


** Kuhn Rcinetmmd We\ Rand and Strobelo Ber 68. 1765 (1935) Karrer and associ 
otes 11 eh chitn acta 18 1435 (1935) 

»• Sebrell and Butler Pub Health Rep 53 22S2 (193S) 54 2121 (1939) 
llW Sp«e8 Bean Viller and Huff Am J Mel Set MO f97 (1940) 

Wl Goldsmith Southern Med J 34 10*5 (1943) 

168 Najjar and llolt U Johns llopku* llosp 68, 476 (19-11) 
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rh.s enzyme Mas shown to consist of a comb. , eotlc le, could he 

ptate and a prote.n The nboflas ... weak acid 

separated from the protein (apoenzyme) 3 3 g could 

Js Cither fraction alone possessed enzjm.c actiuU.but tn ^ ^ je i lo w 
recombined in neutral solution to produce the on P" a ' J of enzyme 
cmzyme of Warburg and Chnstian can part.cipatemaser.es ^ rf 

reactions .molted in the mctahol.sm of earbohyd coenzjme 

transporting hydrogen from reduced o^enayme II “ ™“ rating that 
which attacks hexo^emonophosphate, for exa p , fa re0 xidize<l 
enzyme of first attack The reduced scllon 
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phosphate The former transports hydrogen from reduced “1 a, 
cytochrome C at a rate which is sufficiently rapid to be P b >^ tlon 
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Riboflavin-adenine dinucleotide 


Riboflavin also participates in enzyme reactions as a dinucleotide pros- 
thetic group, consisting of riboflavin, two phosphoric acids, ribose, and 
adenine. This coenzyme is found in xanthine oxidase, diaphorase, D-amino 
acid oxidase, a synthetic enzyme of Warburg and Christian, fumaric 
hydrogenase, liver aldehyde oxidase, and the Haas enzyme. Xanthine 
oxidase 106 (Schardinger enzyme, aldehydrase) is found in liver and milk 
and catalyzes the oxidation of aliphatic and aromatic aldehydes, reduced 
coenzyme I (another niacin coenzyme) and of a number of purines (includ- 
ing xanthine and hypoxanthine). In the presence of air, the reduced 
enzyme transfers its hydrogen to oxygen, forming hydrogen peroxide 
which inhibits further action. The accumulation of hydrogen peroxide 
Is prevented by the presence of catalase, an iron-porphyrin-protein 
enzyme which catalyzes the decomposition of hj’drogen peroxide to water 
and oxygen. The hydrogens of xanthine oxidase, like those of numerous 
other reduced enzymes, can be accepted also by methylene blue and bj r 
other oxidizing dyes. Two different diaphorases 107 have been found in 
plants, animal tissues, and microorganisms. In the presence of suitable 
proteins, one of these oxidizes reduced coenzyme I and reduced coenzyme 
II. n-Amino acid oxidase 106 found in animal tissues, notably kidnej' and 
liver, converts n-a-amino acids to a-keto acids. Different n-amino acids 
are acted upon at different rates by this enzyme Fumaric hydrogenase, 
another enzyme which contains riboflavin dinucleotide, catalyzes the 
reduction of fumaric acid in the presence of certain reduced dyes* 09 to 


Wi Schardinger: Z Untersuch Xahr v Gentium . 5, 22 (1902). 

1#T Dew an and Green. Bioehem J , 31, 1009 (1937). Von Euler and Hellstrom: Z. physiol. 
Chem , 251. 31 (193S). 

,at Krebs. Z. physiol Chtm , 217, 191 (1933), Klin. TVoehschr., j|, 1744 (1932); Bioehem 
J., 29. 1620 (1933). 

w * Fischer and Ejsenbaeh: Ann. Chem , 530, 99 (1937). 
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Riboflavin plays an important ro e n maus enrj ^ ^ „ 

Warburg and Christian isolated a > ellou res P ,r “'°7. ri boflavin phos- 

separated from the protein (‘P^n*^ *» bu t the Uo could be 
Neither fraction alone possessed enzj-mic actmtj , The yellow 

recombined in neutral solution to produce the ongma vn^e. The 
enzyme of Warburg and Christian can F rt, ' , P ,t '“ It “ ca pable of 

reactions imoUed in the metabolism of carbohydrateslts^ 
transporting hydrogen from reduced coenzyme l , a ™ rat i n g that 
which attacks he\osemonophosphate, for exam P ’ g , reo xidized 
enzyme of first attack. The reduced yellow enzyme nm> be rw^^ 
it seif by molecular oxygen This senes of reactions 1 h on< « e , cnzym es, 
slow' and is probably of no physiological significance. riboflavin 

cytochrome C reductase- and gamine acd cendaae contain n ^ w 
phosphate Tiie former transports hydrogen from reduced cm i 3 ’ 
cytochrome C at a rate which is sufficiently rapid to be P“>“^t ion . 
important This suggests that riboflavin functions in the ^ 

re.luct.on metabolism of plant and animal tissues ^Am.n° «« 
catalyzes the oxidation of Icamino acids and of a-hjdroxj aci 
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Riboflavin-adenine dinucleotide 


Riboflavin also participates in enzyme reactions as a dinucleotide pros- 
thetic group, consisting of riboflavin, two phosphoric acids, ribose, and 
adenine. This coenzyme is found in xanthine oxidase, diaphorase, D-amino 
acid oxidase, a synthetic enzyme of Warburg and Christian, fumaric 
hydrogenase, liver aldehyde oxidase, and the Haas enzyme. Xanthine 
oxidase 106 (Schardinger enzyme, aldehydrase) is found in liver and milk 
and catalyzes the oxidation of aliphatic and aromatic aldehydes, reduced 
coenzyme I (another niacin coenzyme) and of a number of purines (includ- 
ing xanthine and hypoxanthine). In the presence of air, the reduced 
enzyme transfers its hydrogen to oxygen, forming hydrogen peroxide 
which inhibits further action. The accumulation of hydrogen peroxide 
is prevented by the presence of catalase, an iron-porphyrin-protein 
enzyme which catalyzes the decomposition of hydrogen peroxide to water 
and oxygen. The hydrogens of xanthine oxidase, like those of numerous 
other reduced enzymes, can be accepted also by methylene blue and b}’ 
other oxidizing dyes Two different diaphoreses 107 have been found in 
plants, animal tissues, and microorganisms. In the presence of suitable 
proteins, one of these oxidizes reduced coenzyme I and reduced coenzyme 
II. n-Amino acid oxidase 108 found in animal tissues, notably kidney and 
liver, converts D-a-amino acids to a-keto acids. Different D-amino acids 
are acted upon at different rates by this enzyme Fumaric hydrogenase, 
another enzyme which contains riboflavin dinucleotide, catalyzes the 
reduction of fumaric acid in the presence of certain reduced dyes 109 to 


Schardinger: Z. Unleraueh Xahr. u Genuasm . 5, 22 (1902). 

Dewan and Green Biochem J., 3t, 1009 (1937). Von Euler and Ilellstrfim: Z. physiol. 
Chcm . 252. 31 (1938) 

>« Krebs: Z. physiol Chem , 217, 191 (1933). Kim. Wochiehr., 11, 1744 (1932); Biochr 
J.» 29, 1620 (1935) 

w * Fischer and Ej senbach: Ann. Chem , 510, 99 (1937). 
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The riboflavin enzymes caUed flax oprotera, ma^ recombining the 
r lees easily and the onpnal The synthetic enzyme of 

r dinucleotide with the e-S 1 -?' P™ 4 " . . 'jj„] to the protei 


mono- or dinucleotide with the ongiim prc a dded to the protem 
W arburg and Christian-' conmste of the 1*"°“““® e dlffers from the 


Warburg ana onnane » new enzyme mums , 

of the old jellow respimtoo en^ne ^ ^ ^ conta ,„s the dimcleo- 

~ , iri-min. It na= 1 


natural enzyme obtamed from jem* only m lt has the 

tide m place of the mononucleotide as its P ros '‘ 1 = g enzyme 

ime properties as the old yellow respirator, J me The H». ^ 

consists of the dmudeot.de plus a protein from yeast ana 
activity as the old j ellow enzyme higher anim^ 

Free riboflavin is P ho fP ho ^‘^ accretion oMhe adrenal 


Free nboflavm is phosphorylated ,n the mU*™< . « mgu» . 

prohahU by « > " X : e t b ac .r(an Xbitor of mane 
plats an important part When loaoaceuc aci ' , rem0 \ed 

en^matic reactions) is administered or when the adre from 
phiphory lation does not take place and the “ ”"‘^ ble to sip- 

the intestinal tract Imder these condition, nbotovm is cells arc 

port growth, whereas the phosphate is effective Human D jn „„ 

capable of synthesizing the dmucleotide from free riboflavin 
and in nlro 111 ' 


let els ol either constituent Deficiency ol dietary nD01 “;“ . udne v 
decreased concentration of o-amino acid oxidase in liter ana ^ 

and o! xanthine oxidase m liter - Both of these 
preicnted or improted by feeding riboflavin The D ' anuD “ a lS orc d to 
activlti of lit er from animals on diets low in riboflavin mat ne ri- ^ 
the in nlro addition of the nucleotide to the excised tissue U ^ the 


hand rats on a low protein diet do not retain dietarj nW* 0 f 

liter a condition which ma> bo pretented bt the adminu ! b ] e 

methionine likewise, liter slices from riboflavin-deficient rats are ^ 
to inactit ate estradiol this abilitt is retained vhen methionin 
These ob«er\ ations illustrate the interrelationship of riboflavin 
tem metabolism and with endocrine function hormone 

Riboflavin is concerned with the regulator} function of tne e l0 

in\ oh ed in carboh\ dratc metabolism The administration of tnvr ^ 
rats causes the loss of li\ er gh cogen unles* nboflavm and thiamine ^ 

simultaneous The administration of insulin is effective 1 
crcatized dogs onH when these two \itamins are fed Riboflavin 
eraplo> ed successful^ m the treatment of dark adaptation 1 
cases where % itamin V was inefiecti\ e The retina contains free n 
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wliich is converted by light to a compound which is involved in stimula- 
tion of the optic nerve. 

Riboflavin and its two nucleotides are the only naturally occurring 
compounds which have vitamin B* activity. However, several synthetic 
compounds have been prepared having approximately one-half of the 
activity of riboflavin. These vitamers lack a methyl group in the six or 
seven position, or have this group substituted by an ethyl group. Re- 
moval of both methyl groups results in the formation of a highly toxic 
compound. Substitution of an alkyl group in the three position destroys 
the vitamin activity of riboflavin. 

The minimum requirement of riboflavin necessary to maintain tissue 
stores in man has been estimated as approximately 0 5 mg. per 1000 
calories 118 The recommended dietary allowances of the Food and Nutri- 
tion Board of the National Rescaich Council are about 0 G to 0.7 mg, per 
1000 calories as indicated in the table on p. 1108. These allowances are 
more liberal than minimal requirements in order to provide a margin of 
safety. Under normal conditions, with an adequate dietary supply of 
riboflavin, humans excrete approximately one-third of their intake. When 
larger amounts are ingested, approximately half is excreted in the urine. 
Very large doses of riboflavin have been fed to dogs and rats with no 
evidence of toxicity 

Of interest is the relation between riboflavin feeding and experimentally 
induced neoplasms Ingestion by rats of 2-acetylaminofluorene, a car- 
cinogen, has been shown to induce ariboflavinosis; 117 high intake of ribo- 
flavin (2 mg per 100 g. diet) inhibited the appearance of choline-induced 
tumors 118 

Storage and Synthesis of Riboflavin. Riboflavin is not stored to any 
considerable extent in animal organs, though higher concentrations are 
found in the liver and kidney than in other tissues In plants the younger 
parts are richer than the older. Broccoli leaves contain twice as much 
riboflavin as the flower buds; the latter contain more than the stems 
Ungerminated seeds, other than peas, contain little riboflavin but ap- 
preciable amounts are formed during germination. 

Riboflavin is synthesized by most higher plants, by yeasts, and b\ r 
some bacteria Though higher animals are unable to synthesize the vita- 
min themselves, it is produced to a variable extent by microorganisms in 
the intestinal tract. In the rat this process is influenced by the nature 
of the carbohydrate in the diet. The ingestion of dextrin and corn starch 
favors synthesis, whereas sucrose is ineffective. In ruminants, the con- 
tribution of riboflavin by bacteria in the rumen is so great that a dietary 
source of riboflavin is not necessary. 114 

Riboflavin is synthesized commercially and the product is employed 
on a large scale in bread and flour enrichment and for pharmaceutical 
purposes. Natural concentrates prepared from whey, yeast, and the 

m Williams, Ma'on, Cusick, and Wilder: J. Nutrition, 25. 361 (1943). 

1,7 Waso and Allison* Proe Soc. Exp Did. , 73. 147 (1950). 

111 Schaefer, Copeland, Salmon, and Hale* Cancer Research, 10, 7S6 (1950) 

m McElroy and Goss: J. Nutrition, 20, 527 (1940), 
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anaerobic bacterial fermentation of distillers' *=lops are employed la 
animal feeds 

Distribution of Riboflavin. 1 *® Riboflavin widely distributed m 
plant and animal tissues as free nbofhmn as the phosphate, or as the 
adenme-dmucleotide phosphate, the latter accounting for 70-90 per 
cent of the total riboflavin m tissues The free vitamin 1 * found, for ex- 
ample, in milk, unne, and retina Riboflavin nucleotides occur more or les= 
firmly bound to proteins Excellent dietary sources of riboflavin are 
heart, liver, kidney , muscle, eggs, nulk, green leaf\ vegetables, veast, and 
whole gram The nboflavm content of the average American diet before 
and after large-scale enrichment of bread and flour was practiced was 
I 4 and 1 G mg per dav , respectiv elv 
Chemistry of Riboflavin. Riboflann is GjI-dimetbyl-S-fD-l'-nbitvl) 
isoalloxazine It crystallizes in orange-yellow needles which melt at 
2S2° C with decomposition Riboflann is insoluble in acetone, benzene 
chloroform, and ether, and only slightlv soluble in water (12 mg per 100 
ml at room temperature), but very soluble in alkaline solution. Deuva 
tiv ea more soluble in water, such as the monosuecinate, borate, phosphate 
and acetate, hav e been prepared for pharmaceutical me The vitamin & 
ad-orlied by fuller’s earth m acid solution and b\ frankomt in neutral 
solution but not by talc, aluminum oxide, calcium carbonate kaolin o’ 
kic^eljruhr. it is eluted b\ SO ocr cent acetone nr h\ alkalies, such a= 
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Riboflavin may be converted to its mononucleotide, riboflavin phos- 
phate, by treatment with phosphorus oxychloride, or by suspending it in a 
phosphate buffer with intestinal epithelial pow der. 

Determination of Riboflavin. Chemical determinations of ribo- 
flavin are based upon colorimetric 155 and fluorometric 153 procedures In 
the analysis of food materials, colored and fluorescent compounds often 
interfere not only with the colorimetric determination of riboflavin but 
also with the fluorometric procedure in which the activating and fluor- 
escent light are quenched. Some interfering pigments may be destroyed in 
the chemical test by oxidation with potassium permanganate or by reduc- 
tion with stannous chloride. Fluorescence measurement before and after 
reduction of riboflavin by treatment with sodium hydrosulfite has been 
employed to correct for the fluorescence produced by interfering 
substances. Correction may be made for the quenching effect of foreign 
pigments or other factors by the internal standard procedure. One 
method for the chemical determination of riboflavin 154 involves the con- 
version of the vitamin by irradiation in alkaline solution to lumifiavin. 
The latter is extracted from acid solution by chloroform and then deter- 
mined colorimetrically or fluorometrically. 

The microbiological determination of riboflavin depending upon the 
growth stimulation of Lactobacillus casei is more generally applicable 
to the determination of the vitamin in foods than the chemical methods. 
The microbiological procedure is sensitive and specific, and has been 
adopted as an official method by the U S Pharmacopeia. It has been 
found that the growth of Lactobacillus casei in the presence of riboflavin is 
stimulated by suspended particles such as fat and starch. It is therefore 
essential to conduct the test on crystal-clear extracts. These are some- 

115 Warburg ami Christian Biochem Z , 257, 402 (1933). 

*** Hod-ion ami Norris J. Biol Chem , Ul, 021 (1930); Scott, Hill. Norris, and Ileu^cr* 
J. Biol Chem , 155, 05 (IMG), 

l **Kuhn, Wagner-Jauregg, and KaUarlimitt* Her., 67, 1452 (1934). 
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times difficult to obtain when starchy eampte are tested. Drgestion ruth 
“Mylase" or “Taka-Diastase" is often helpful 

Modified Microbiological Me, hod of Snell «• 

[Ur in is determined by measurement of the 1 ‘ tlon „ lth sodium 

The acid produced by the microorganism is determined by 
hydroxide 

Procedure: Preparation of Sample. C ° ndu “ “''^'/“^"Lun^nd'h-at 
Weigh out a sample containing approximate y m i nu tes at 15 

an autoclave with 400 ml. 0.1 N hydmehtork umM for 30 ^ 

r>« ^.r/m^TrouX «;.«.« 

clear. 

Prepare the following solutions: 

Yeurr Extract Solution. Heat a suspension of 500 g. frc *h’ 
baker 8 yeast In 5 ...era of dLt.I.ed water for 2 hours in Bowing steamy ^ 
autoclave for 40 minutes at 15 pounds pressure Allow the suap orc 

settle, filter, and evaporate the filtrate to 125 ml. under 
below 50° C. 

Yean Supplement Solution. Add 125 ml. of an aqueous “ , “ < ‘° n F " t " r 
talnlng 3» g. lead .ul, acetate to 125 ml. of yeast entrant »°' uti °; „ t0 
and adjust the filtrate to pll 10 with ammonia. Filter and ad J us * filter 
6.5 with glacial acetic acid. Treat the solution with hydrogen su . 
ofl the lead sulfide, and dilute the filtrate to 250 ml. with water. 
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Reference Standard Solution. Dissolve 50 mg. U.S.P. riboflavin reference 
standard in 500 ml. distilled water containing 1 ml. glacial acetic acid. Pre- 
serve this stock solution under toluene in an amber bottle in the refrigerator. 
For each set of assajs, dilute 1 ml. of this solution to 1000 ml. with distilled 
water. This solution contains 0.1 pg. riboflavin per ml. 

Basal Medium Stock Solution. Dissolve 15 g. anhydrous dextrose in a 
mixture of 50 ml. photolyzed peptone solution, 50 ml. cystine solution, 
5 ml. yeast supplement solution, 2.5 ml. salt solution A, and 2.5 ml. salt 
solution B. Adjust to pH 6.8 with 1 N sodium hydroxide and dilute to 250 ml. 

Preparation of the Stock Culture. Dilute 10 ml. yeast extract solution 
to 100 ml. with distilled water, and add 1 g. anhydrous dextrose and 1.5 g. 
agar. Heat on a steam bath to dissolve the agar. Add approximately 10 ml. 
portions of the hot solution to test tubes, plug with nonabsorbent cotton 
and sterilize in an autoclave at 15 pounds pressure for 20 minutes. Allow 
to cool in an upright position. Prepare several stab cultures of Lactobacillus 
casei (American Type Culture Collection No. 7469) and Incubate for 16 to 
24 hours at any constant temperature between 30° and 37° C. Finally store 
in a refrigerator. Prepare a fresh stab every week, and do not use for inocu- 
lum if more than two weeks old. 

Preparation of the Inoculum. To each of two tubes containing 5 ml. of 
the basal medium stock solution, add 5 ml. distilled water containing 1 pg. 
riboflavin. Autoclave at 15 pounds pressure for 20 minutes and cool. To one of 
the tubes make a transfer of cells from the stock culture of Lactobacillus 
casei and incubate for 16 to 24 hours at any constant temperature between 
30° and 37®. Transfer 1 drop of this culture to the second tube and incubate 
again for 16 to 24 hours. Centrifuge the culture under aseptic conditions and 
decant the supernatant liquid. Suspend the cells in 10 ml. sterile isotonic 
solution of sodium chloride. 

Assay. In duplicate^tubes, 16 by 150 mm. in size, place respectively 0.5, 
1.0, 1.5, and 2.0 ml. of the extract of the test material. To each add 5 ml. of 
the basal medium stock solution and sufficient distilled water to bring the 
volume in each tube to 10 ml. Prepare a similar set of duplicate tubes con- 
taining respectively 0.00, 0.05, 0.10, 0.15, 0.20, 0.30, and 0.50 i»g. standard 
riboflavin. Mix the solutions thoroughly, plug the tubes with nonabsorbent 
cotton, and autoclave at 15 pounds pressure for 20 minutes. Cool aseptically, 
add 1 drop of inoculum to each tube, and incubate for 72 hours at any con- 
stant temperature between 30° and 37° C. Keep all the tubes in darkness or 
semidarkness during their preparation and incubation, and protect against 
contamination by foreign microorganisms. Transfer the contents of each 
tube to a small Erlenmeyer flask, using a fixed volume of distilled water for 
rinsing. Titrate with 0.1 N sodium hydroxide using bromorhymol blue as 
the indicator. 

Calculation On ordinary graph paper, plot the avenge titrations in ml. of 0 1 N 
sodium hydroxide against us of riboflavin m the senes of standard tubes From this 
standard curve, estimate the riboflav m content of each ml of the test solution m each 
duplicate set of tubes Calculate the riboflav in content of the test material from the 
average values obtained from not less than three sets of these tubes which do not vary 
by more than ± 10 per cent from the average 

Comment. The microbiological method for the determination of ribo- 
flavin employ mg Laclobactllus casei is highly sensitive and shows a good 
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degree of hpeuru.it> for the utamin If desired, trirhidllj m place ^ 
Seine titration mar be mod to measure ^“-SolSS 
of turbid, t> follow the directions gnen "1 ' 'h under the 

for Vitamin B„, P 1210, beginnl.iR w ith ^ ™ For 

heading Procedure and substituting nboflar.n for ejanocohnlam 
this proredure it mar he „crc«snr> to reduce the lerel of nbollar 
in the standard and sample tubes 

Fluorometrtc Me, hod oj AruCd Principle The fluuromet™ 
the determination of riboflavin depends ngon the crtraet.on of th U 
dilute and filtration treat mint of the filtrate with > cc 

peroxide to dealros lat.rf.naK pigment., aad measurement of th e floores 
vitamin content of ttie extract la rt alualed by mean, of an internal standard 

Procedure Suapend a finely ground .ample containing approrlmaleb^^ 
riboflavin In 75 ml 0 1 b aulfurtc acid Heat In an autoclaTe for , 

15 pounds pressure, or in a ho, ling water bath for 45 mlnutM with ^ 
tent shaking Cool the suspension and adfu.t the pH to 4 3 with 2 , „r 

acetate Dilute to 100 ml , shake welt, and filter through It hatma h * 

No 40 fitter paper Discard the first 15 ml filtrate Treat 60 ml of tl 1 ^ 

with 2 ml 4 per cent potassium permanganate solution After .5 mi 
charge the permanganate color with freshly prepared 3 per cent » w 
peroxide solution Break the froth with a few drops of acetone, anfl bf 

65 ml with distilled water Mix and filter Pipet out two 15 ml porti 
filtrate To one, add 1 ml distilled water and measure the fluoresc 
(see p 1163) To the other, add 1 ml riboflavin standard solution con 
1 /ig of the vitamin, and measure the fluorescence ( B ) Obtain the b a 
after adding exactly 20 mg of sodium hydrosulfite 1 " to A or B 

CalccIsAtion Obtain the riboflavin content of the sample u«mg the formula, 


^ ^ x| 5 X^X ^ - Mg riboflawn per g of sample 

where G is the weight of the samjle taken and A, B and C are as indicated abov 

Comment. The fluorometne method may be employed for 
mination of the nboflatm content of yeast, white flour, bread, 
powder, and similar products Howctcr, for samples which jneld *8^ 
pigmented extracts, or for materials containing less than 1 Mg oi nbo a 
per g of solids the microbiological procedure is preferred 

Determination of Riboflavin in Urine ( Flurorometnc Method of 
Principle The nlioflavin is extracted with acetic acid pyridine-butanol mixture ^ ^ 
interfering unnary pigments are oxidized w ith permanganate The concentre 
nboflat in in the extract is measured fluorometneaUj 

Procedure Collect a 24 hour urine sample in a brown glass bottle 
lng 20 ml of 10 per cent sulfuric add Since riboflavin is destroyed ‘ ( 

conduct all of the following operations in semidarkness Measure the vo u 


Arnold Cereal Chem 22, 455 (19-15) re jo 

117 Sodium hydrosulfite (highest purity) si ould ire stored so as to avoid undue e*p*»*w 
eht or air 

»*• Najjar J Biol Chem 141 355 (1941) 
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Transfer an aliquot containing approximately 5 /«g riboflavin to a 100 ml 
centrifuge cup, and add sufficient water to make the volume 10 ml Add 2 ml 
glacial acetic acid and 4 ml colorless pyridine and mix For each ml of urine, 
add 2 drops 4 per cent KMnO, After exactly I minute, decolorize the excess 
permanganate with a few drops of fresh!} prepared 3 per cent hydrogen 
peroxide solution Add 10 g anhydrous sodium sulfate, then 20 ml n buta- 
nol Shake vigorously for 5 minutes Centrifuge 

Determine the fluorescence of the supernatant solution, that of a stand 
ard containing 5 *ig riboflavin, and of a water blank, the latter two likewise 
carried through the entire procedure 

For these measurements, a Pfaltz and Bauer fluorophotometer may be 
employed The source of light should be a mercury vapor lamp equipped 
with a dark blue filter (Jena, No BG12) and a yellow filter (Jena No GG3) 
An orange filter (Jena, No OG1) should be placed between the fluorescent 
solution and the photocell Set the diaphragm so that the galvanometer 
reads 50 when the extract of the 5 jig standard is in the instrument 

At the concentrations recommended in this procedure, the fluorescence 
of a riboflavin solution is directly proportional to Its concentration With 
most instruments, the galvanometer deflection is proportional to the fluor 
escence Establish the linearity of the instrument employed by measuring 
the fluorescence of standard aqueous solutions of riboflavin as follows 
Dissolve 50 0 mg riboflavin in 1000 ml of hot water in the dark Cool 
Prepare aqueous dilutions containing 0 00, 0 05, 0 10, 0 15, 0 20, 0 25, 0 30, 
and 0 40 pg riboflavin per ml Set the instrument at 100 with the most con- 
centrated standard and measure the fluorescence of the other solutions Plot 
the galvanometer readings against concentration of the vitamin on ordinary 
graph paper Check the setting of the instrument before each reading 

Caecueation If the relation is linear, calculate the nboflav in content of the 24-hour 
sample by means of the follow ing formula 

17 - C V 

_ q X 5 X =* riboflavin per 24-hour sample 

where U is the galvanometer reading of the unknown C is that of the reagent blank 
V is the v olume of the 24-hour sample in ml and A that of the aliquot taken for test 
If the curve obtained above is not linear standard solutions containing 0, 2 4 6 
and 8 iig riboflavin must be earned through the entire procedure and the concentra 
tion of riboflavin in the unknown determined from a standard curve This value 
V 

multiplied by gives the amount of riboflavin in the 24-hour urine sample 

Comment. The fluorometnc method for the determination of ribo- 
flavin in urine, as described above, measures in addition uroflavm, a 
fluorescent metabolite of the \ itamin For diagnostic purposes howeier, 
the total fluorescence following the ingestion of a test do«e of the \ itamin 
is a good mde\ of the nutritional state with respect to nboflav m 

BIOLOGICAL ASS YY OF RIBOFLAVIN 

The essential feature in the biological assay for riboflavin is to select a 
basal ration which includes all of the required factors of the vitamin B 
complex with the sole exception of riboflavin In the past the practice has 
been to supplement a basal ration otherwise free from all sources of the 
\ itamin B complex with alcoholic extracts of w heat germ or of rice polish 


I 
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i„ R s (so-called t.ki-tiki). However such diets 
in more respects than riboflavin alone Since co stall P P 
each of the known B vitamins are now the 

ment an other® i‘C adequate diet of purified components 
factors of the B complex except the one under n««ay Wo l„gical 

There is at present no officially '“ e 

assay of riboflavin Procedures employing both the rat mi - n the 
been described The curative rat assay is morewKlcljemplj ^ 
evaluation of foods or pharmaceutical products for '/““vl^diet at 
customary procedure is to place rats on the nb ° na '™*“ ,, j„, e na!s 
Meaning, making observations of vv eight changes at f ™'' Ce ^ dcp | ct ion, 

Cessation of growth is one of the earliest symptoms of nbodat in O jn 

and if the deprivation is complete, it is usually Mloned * 
vveight and death Mithout the appearance of charactcnet.c is imP . g „ ol 
ogy Tf the deficiency is prolonged (as may occur if .‘h° b ““ p „ e ar 
completely devoid of rihoflavin) the symptoms of anboflavino PP the 
These include bilaterally symmetneal patches of baldness the 

nose, neck, back, and abdomen, and corneal vascularization, a 
deficiency is particularly prolonged, cataracts are obscrvntf « 
esting to point out that nbofiavin-dcficent rats are particularly o( 

hie to pediculosis The occurrence of alopecia is noted m dene m 

other factors of the B complcx-e g , biotin W hether this phe ’ of 

has a common origin in deficiencies of various members ot ims b 


vitamins is not known. ... r 

After three to four weeks on the nboflavin-free diet, the i\eig ^ 
rat reaches a plateau or dechnc and at this point the matena 
assayed is fed as a supplement to the basal ration Comparable 
of animals receive graded dosages of crystalline riboflavin at »c\ei ^ 
result in a graded dose-response cur\ e For example, doses of 1,2, •*, ’ ‘ 

1G pg of crystalline nboflavin may be fed daily Together with a re 
tion of growth, restoration of the body hair occurs o\er the <lt ^' ^ 
areas Potency may be estimated by comapnson of the log dose i s - 5 1 . , 
response data for the test matenal with those for the standar 
calculation in vitamin A growth assay, Appendix VI) 


NIACIN (NICOTINIC ACID) 

The most common acute deficiency disease in this country is pellag^ 
Before the disco\ery of its relationship to niacin, this disease " occurs 
sponsible for thousands of deaths annually in the South Pellagra ° 
in endemic and epidemic form in many other countries ineluui 6 
Soviet Union, Egypt, Italy, Spain, and the Balkan countries Ep 1 __ 
pellagra follows any serious interruption of food supply or intake, 
ciallj after war, famine, disease, or economic depression _ early 
Pellagra has been known for many centuries and was described as ^ 
as 1735 by Casal of Spain That the disease was of dietary origin ^ 8 m0 n- 
recognized until 1912 when Goldberger, Wanng, and Willets* e ^ oU t 
strated that pellagra could be prc\ented by an adequate diet. At a 


Goldberger, Waring, and WiUeta UJ3 Pub Health Repte , 30, 3117 (HUS) 
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the same time, nicotinic acid, a compound synthesized as early as 1867, 130 
was isolated by Funk while attempting to purify the antiberiberi vitamin. 
He failed to recognize the relationship between nicotinic acid and pellagra 
but noted its beneficial effects when fed along with “vitamine B.” m 
Deficiency syndromes analogous to human pellagra were demonstrated in 
dogs 131 in 1917 and in albino rats 133 in 1926. It was soon recognized that 
those foods which were effective for the cure of canine blacktongue were 
also effective for the cure of pellagra. 134 Following the discovery in 1937 
of the importance of the amide of nicotinic acid (niacinamide) in the 
nutrition of certain unicellular organisms, 133 the therapeutic effects of 
nicotinic acid in the treatment of blacktongue 136 and of niacinamide in 
pellagra 137 were demonstrated. 

Physiological and Clinical Aspects of Niacin, In niacin deficiency, 
the demonstrable tissue lesions are preceded by functional disturbances 
which are characteristic of deficiencies of a number of the B vitamins. 
These include weakness, anorexia, indigestion, diarrhea, and mental and 
emotional disturbances. Though pellagra is generally complicated by de- 
ficiencies of other B vitamins, certain lesions of the skin, the digestive 
tract, and the nervous system (the “three D’s” — dermatitis, diarrhea, 
dementia) have been attributed specifically to deficiency of niacin. The 
skin lesion is an erythema, generally bilaterally symmetrical, which 
affects the back of the hands, the knees, elbows, dorsum of the feet, and 
ankles. Exposure to the sun increases the severity of the lesions. In 
chronic pellagra the affected areas become permanently pigmented and 
either atrophied or roughened and thickened. Epithelial lesions are also 
noted in the digestive tract, particularly on the tongue (glossitis) and in 
the rectum. The organic nerve lesions of pellagra include myelin degenera- 
tion of the spinal column fibers and degeneration of the axis cylinders of 
pyramidal cells of the cortex. Mild mental disturbances are common in 
pellagra, and acute delirium and dementia occur in severe cases. 

Though anemia is not generally recognized as a symptom of pellagra, 
it is frequently accompanied by a macrocytic anemia. Since this condition 
responds to pteroyfglutamic (folic) acid, its occurrence in pellagra may be 
due to the multiple nature of the clinically observed condition. Dogs with 
blacktongue also show anemia which responds to the administration of 
niacin. 118 

Dramatic cures of pellagra occur upon the administration of nia- 
cinamide. Therapeutic doses of 50 to 500 mg. of niacinamide per day cause 
the disappearance of glossitis in 24 hours and of lesions of the tongue and 


Huber: Liebig’s Ann. Chem., 141, 271 (1867). 
m Funk: J. Physiol., 46. 173 ;1013): Bril. Med. J., I, 814 (1913). Drummond Qn d Funk: 
Btochem. J., 8. 594 (1914). 

1,1 Chittenden and Underhill: Am. J. Physiol.. 44, 13 (1917), 
l " Goldberger and Lillie: £7.5. Pub. Health Repts., 41, 1025 (1926). 
m Aykroyd and Roscoe: Btochem. J„ 23. 4S3 (1929). 

,w Knight: Biochem. J., 31, 731 (1937). 

Muller: J. Biol. Chem., 120, 219 (1937). 

r.lvclijcm. Madden, Strong, and Woolley: J. Am. Chem. Soc., 50, 1767 (1937): J. Biol. 
Chem., 123, 137 (1938). 

In Touts, Ilelmer, Lepkovsky. and Jukes: Proc. Soc. Exp. Biol. Med., 37, 40s (1937). 
m Handler and Featheraton: J. Biol. Chem., isi, 395 (1943). 
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; and II, or eodehydrogcnases * antt . ^on. These cocn- 
number o! physiologically > m P° rt *"* ™ , , synthesized from niacin 

zymes occur in practically all cells and lintc lice ^ ( ^ o[ coen zyme 


zymes occur in practically all cells and have > > f coe nzyme 

and niacinamide in ulro by nucleated cells Tto *™ Mm; 

I and of its reduction product, reduced coenzyme 1, are stum 




n— c 
H— i 


% C-i— ’ ** 


i- 


ii — i- — I 
IIO-C— II l 

11— A J 

ill. O- 

M 

Coenzyme I (DPN) 


S=c— NII j 

ii — i i — nv 

u u r c-H 

H— C 1 

no-i-n \ o 
uo-b — ii T 

hO— J 

g u 
5 1* i 


II— C - 




N=C— NH. 


n— i 4—’ 


jM-N/' 


> C — H 


+211 


1 

II— C 1 

HO-i-'l i 

“J 

in. o- V 

4— t— »— t- 
A O 

Reduced coenzyme I (DPNH) 



The structure of reduced coenzyme I is based upon the ^ evid “ P lhe 
sented by Pullman el al »*■ that reduction involves ort ho 

carbon atom para to the nitrogen in the pyridine ring, rather t!on 

to it, as had been previously thought Note furthermore tha r 
involves the addition of only one hydrogen atom to a „ if 

zyme; the second hydrogen furnishes an electron to the ! qu .. n ; sa s 
and becomes a hydrogen ion Hence the stoichiometry ol tne rea 

folio" s X 5 PU+ -t- 2 Hvh DPNH + H + 

Coenzyme Reduced 

I Coenzyme I 

TPX differs from DPN in that it contains an extra phosphor^ a^ 
group probably linked to the T position of the nbose moiety oi ao ^ 
These coenzymes, in the presence of specific proteins, cataiy - n 

logical oxidation reactions Among the 35 different known re . . <je, 0 f 
which DPN participates are the oxidation of alcohol to accta ac jdto 
glucose to gluconic acid, of malic acid to oxalacetic acid, of lac - jnon g 
pyruvic acid, and of glycerophosphate to phosphoglyceraldehy ® . j son ’s 
the enzyme reactions catalyzed by TPN are the conversion o , utana ic 
ester (glucose-G-monophosphate) to phosphohexonic acid an<l o b 


Pullman, San Pietro and Colo wick J Biol Ckem , 206, 120 (1954) 
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acid to iminoglutamic acid. These enzymatic reactions are all reversible, 
and the reduced coenzymes may combine with their apoenzymes to 
catalyze physiological reductions. In practice there is a dynamic equi- 
librium which depends on the relative concentrations of the reduced and 
oxidized forms of the substrates and coenzymes and on other conditions. 
In vitro experiments indicate that reduced coenzymes I and II may be 
reoxidized by flavoprotein enzymes, and that coenzyme II may be con- 
verted to I by a phosphatase. 139 Both coenzymes are inactivated by 
enzymatic destruction when cells of brain, liver, kidney, or muscle are 
ruptured. In contrast to the riboflavin coenzymes, which are present in 
flavoproteins in simple numerical proportion to their apoenzymes, the 
niacinamide coenzymes arc found in great excess and are bound only 
loosely to the protein moieties. The niacinamide prosthetic groups have 
been designated mobile coenzymes. DPN can be hj r drolyzed by dilute 
alkali, the cleavage occurring between the niacinamide and ribose 
moieties. Similar splitting can be induced by enzymes (designated DPN 
nucleosidases) found in brain tissue 140 and in Ncurospora. 1 * 1 

That dietary niacin is important in the maintenance of physiological 
enzyme systems is indicated by the positive correlation between the in- 
take of the vitamin and the concentration of the coenzymes in the 
muscles. 143 Niacin is essential to the physiology of animals, plants, and 
microorganisms. All plants and some microorganisms synthesize the 
vitamin. Others — e.g., C. diplitheriae, lactic acid bacteria, and B. dysen- 
teriae — require an external source, and still others — e.g., B. influenzae— 
require an external source of the coenzymes. Though the mold Neurospora 
does not ordinarily require niacin, a mutant strain produced by irradia- 
tion requires an external supply of the vitamin. Whereas niacin is essential 
to all animals, certain species, e.g., the rat and the horse, do not require 
dietary sources because their intestinal flora synthesize enough to meet 
metabolic needs. A dietary supply is required by the cotton rat, dog, pig, 
rabbit, chick, monke 3 r , and man. However, even in these species, sig- 
nificant contributions are made by intestinal microorganisms. Urinary 
excretion studies 141 show that human subjects on a constant diet excrete 
lower concentrations of N '-methylnicotinamide (the principal metabolite 
of niacin and niacinamide found in human urine) after dosage with sul- 
faguanidine and succinylsulfathiazole which destroy intestinal bacteria. 
Microorganisms have been isolated from the human cecum 144 which syn- 
thesize niacin in vitro. 

The amount of niacin required by animals from external sources de- 
pends upon the nature of the diet, particularly with regard to protein 
and carbohydrate. Endemic pellagra occurs almost exclusively in localities 
where corn is employed as a staple cereal. Populations which consume 

Euler and Adler: Z. physiol. Chem., 25?. 41 (193S). 

Gore, Ibbott, and Mellwain: Bioehem. J., 47. 120 (1950). 

1,1 Kaplan. Colo wick, and Nason: J. Biol. Chem., 191, 473 (1951). 

,,t Anderson, Teply, and Elvehjem: Arch. Bioehem., 3, 357 (1944). 

Eilincor, Coupon, and Benesch: Xaiure, 154. 270 (1944); EUmgcr, Benesch, and Kay: 
Lancet, 1,432 (1945). 

Benesch: Lancet, l, “18 (1645). 
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large quantities of nee rarefy shou pellagra i mep thoijgh the, djrf.0 
intake of maun is no more than o mg P , wlllch ordinarily 

ile\ elop pellagra despite much higher intakes smdrome 

synthesize the, onn niacin shou a typical niacin r q ij 

\\hen fed acorndiet Tlnsmaj he prci cited by i “ ddl "6““ c ”^| plg5 
or more protein On an otheni ise adequate diet ,amm 

shou little sign of macin deficiency though tho “X r at.on hoiieier, 
ingested is small A decrease in the proton of the rat.mn^ fej 
produces symptoms of maun deficiency which may be p 
administration of more of the \ itamin >< nte d the 

Since macin deficiency in white rats on a corn diet p, ® 0 > min0 
administration of tryptophan it appears that the lack nslble 

acid which is present in only low concentrations in corn -phis 

for the apparent increased requirement of many species for lt 

effect may possibly be attnbuted to changes m the mtcstinal flora 
ing m the loss of microorganisms nhich require tryptophan from f 

they are capahle of sy nthesizing macin Try ptopl.an but in 

for the biosynthesis of macin not only by these microorg" ml 
animal tissue, as w ell Hence pellagra must be y lew ed as a dual , d ' „ 

of both tryptophan and macin the possible OMStcncc of a peflag 
anti vitamin (sco Chapter 30) in torn has rtccn cd consideration e 

The effect of corn on the growth of white rats depends upon tl 
of the carbohydrate ingested W hen the latter is sucrose considera 
hibition of growth occurs Howe\er when sucrose is replaced oy w _ b 

and dextrin or partially replaced by lactose the inhibition 01 g 
does not occur m Further evidence that the increased requirem a 
niacin is associated with the nature of dietary carbohydrate and 
diminished intake of tryptophan is provided by observations on 
rats subsisting on a diet containing wheat gluten and gelatin an 
cient only in niacin and tryptophan W ith sucrose as the source o of 
hydrate very poor grow th resulted The administration of tryP t0 P 
macin or the substitution of glucose and dextrin for sucrose res 
normal growth and 

The principal metabolite excreted m the urine of man rats u o j 
cats following the ingestion of macin or niacinamide is ^ me &cj( j 
nicotinamide Some nicotinamide but only small amounts of nicotinic 
are also excreted However rabbits and guinea pigs excrete P£? nC j«jtt e r 
nicotinic acid and practically no N 1 methy lnicotinamide 1X9 i bc 
compound after alkaline hydrolysis reacts like macin with cyan 
bromide and aniline and because of its physical and chemical si® 1 to 
to trigonelline (the betaine of \ methy lmacin) was at first believ 
be that compound ,so \ 1 methy lnicotinamide has the following struc 
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Pellagrins were observed to excrete only small quantities of this metabo- 
lite. Early tests for the diagnosis of niacin deficiency were based upon the 
colorimetric determination of urinary “trigonelline” after the ingestion 
of a test dose of the vitamin. It was subsequently discovered 151 that ad- 
ministration of niacin or niacinamide was followed by excretion of a me- 
tabolite which was readily converted to a highly fluorescent substance bj’ 
alkalinization and subsequent extraction with butanol. The urine of 
niacin-deficient subjects contained only small amounts of this compound, 
even after dosage with the vitamin. The metabolite was identified as 
N ‘-methylnicotinamide 155 and found to be identical with the compound 
measured colorimetrically after alkaline hydrolysis which had been er- 
roneously designated “trigonelline.” Humans in a normal state of nutri- 
tion excrete approximately 20 per cent of their intake of niacinamide in 
the form of the N '-methyl compound on a molar basis and approximately 
half of this amount when ingesting niacin. 15 * The conversion of the latter 
to X'-methjdnicotinamide requires both an amidation and a methylation, 
whereas niacinamide requires only the latter step. In vitro studies 154 show 
that rat liver (but not kidney or muscle) is capable of converting 
niacinamide, but not niacin, to K ‘-methvlnicotinamide, the degree of 
conversion being increased by the addition of methionine. 

The possibility that niacin or its amide acts physiologically in the form 
of N l -methylnicotinamide has been investigated with conflicting results. 
Some observers have found that the compound is capable of curing black- 
tongue, 155 but tliis has been disputed by others. 155 In man, N s -methyl- 
nicotinamide has been found to improve the dermatitis and glossitis of 
pellagra but simultaneously to aggravate the psvehomotor symptoms. 157 
The latter however, could be alleviated bj' the administration of thiamine 
and riboflavin. In view of these findings, the metabolic role of N ‘-methyl- 
nicotinnmide remains to be established. 

Certain derivatives of niacin and niacinamide are biologically active in 
higher animals when administered orally. These include various esters, 
and the ureide and diethylamide of niacin. These compounds are probably 


m Najjar and Wood: Proc. Soc. Exptl. Biol. Med.. 44. 3SG (1940); Najjar: Bull. Johns 
Hopkins II os p. . 74, 392 (1944). 

"* UtifT and Perlzwelg: Science, 97, 53S (1943); J. Biol. Chem.. ISO, 395, 483 (1943). 

*** Ilochberg, Melnick, and Oaer: J. Biol. Chem., I5S, 2G5 (1945). 

,M PcrUv\ciK, Bernheim. and Ilornlieini: J. Biol. Chem., ISO, 40 (1913); KUinger: Biochem 
J.. 42, 175 (1WS). 

111 Najjar, Hall, and Deal: Bull. Johns Hopkins Hasp., 76, 83 (1945). 

*** Tepley, Krelil, and Klvehjcm: Proc. Soc. Exptl. Biol. Med., 58, 1C9 (1945), 
m Vance: Bull. Johns Iloplins Hasp., 77, 393 (1915). 
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for the biosynthesis of niacin not only by those m ' cr0 “« a " ' doficien c 5 
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niacin is associated with the nature of dictarj carboh>drate anc 
diminished intake of triptophan is provided b> observations on ^ 
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hydrate, v cr> poor grow th resulted The administration of trj ptop ^ 
niacin or the substitution of glucose and dextrin for sucrose, res 
normal growth a0C l 

The pnncipal metabolite excreted in the unne of man, rats, d 6- > 
cats following the ingestion of mann or niacinamide is > ' m al \ 
nicotinamide home nicotinamide but only small amounts of nicotm . 
are al B o excreted However rabbits and guinea pigs excrete Pi? nC j at ter 
nicotinic acid and practuall} no N 1 mcthylmcotinamide u lhe 
compound, after alkaline h> d rot) sis reacts like niacin with O 8 " 
bromide and aniline and because of its physical and chemical fc,rnl . 
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Pellagrins were observed to excrete only small quantities of tills metabo- 
lite. Early tests for the diagnosis of niacin deficiency w ere based upon the 
colorimetric determination of urinary “trigonelline” after the ingestion 
of a test dose of the vitamin It was subsequently discovered 151 that ad- 
ministration of niacin or niacinamide was follow ed by excretion of a me- 
tabolite which was readily converted to a highly fluorescent substance by 
alkalinization and subsequent extraction with butanol. The urine of 
niacin-deficient subjects contained only small amounts of this compound, 
even after dosage with the vitamin. The metabolite was identified as 
N‘-methylnicotinamide m and found to be identical with the compound 
measured colorimetrically after alkaline hydrolysis which had been er- 
roneously designated “trigonelline ” Humans in a normal state of nutri- 
tion excrete approximately 20 per cent of their intake of niacinamide in 
the form of the N '-methyl compound on a molar basis and approximately 
half of this amount w hen ingesting niacin 153 The conversion of the lattei 
to N'-methylnicotinamide requires both an amidation and a methyiation, 
whereas niacinamide requires only the latter step. In vitro studies 154 show 
that rat liver (but not kidney or muscle) is capable of converting 
niacinamide, but not niacin, to N ‘-methyl nicotinamide, the degree of 
conversion being increased by the addition of methionine. 

The possibility that niacin or its amide acts physiologically in the form 
of N‘-methy lnicotinamide has been investigated with conflicting results 
Some observers have found that the compound is capable of curing black- 
tongue, 155 but this has been disputed by others 156 In man, N ‘-methyl - 
nicotinamide has been found to improve the dermatitis and glossitis of 
pellagra but simultaneously to aggravate the psychomotor symptoms. 157 
The latter however, could be alleviated by the administration of thiamine 
and riboflavin In view of these findings, the metabolic role of N ‘-methyl- 
nicotinamide remains to be established. 

Certain derivatives of niacin and niacinamide are biologically active in 
higher animals when administered orally. These include various esters, 
and the ureide and diethylamide of niacin. These compounds are probably 
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Trigonelline, the betaine of N "7^,' ^nM.alK kt™«. ™fT«, and 
It occurs naturallj in a number of foods, e penal i ' ^, fon]C acid, has 
tobacco A sy nthetic analog of nucin, K n ’’ nng ma cm or 

been found to inhibit the growth of “'"“in l ZTroUal grow th but in 

ph\ Mological enzyme systems (see Chapter <>W compound which 

Wheat bran and other natural materials contain a P tmaI d 
upon heating Hath strong acid or alkali betas ca l 1 , ) ro a 

Manlius arakno.ua Tins compound is “ ^ be subsequently 

tenals by heating with water or ^3te the 

h. droly zed with strong acid or with alkali before it can n becn 

microorganism Concentrates of theunhy droly zed ™ at ™ fodroU TS 
prepared and found to be inattnc alien fed to. clucks After hy the 
the compound meets the niacin requirements of both hech>^ 
dog Nikethamide (<‘Comm.no”), mac.n-d.cthjlam.de, «hrtnW hcat . 
behavior” 1 m that it is mactis e for L amUnotus hut is act “ 
ing with alkali Nikctham.de is biologically aetiic in ™’”2 mirof - 

I urge do-cs of niacin dilate the superficial blood i cssels The am ^ 
t ration of 50 mg or more orally or of 10 ing mtras enously to hum . ^ 

deficient in the vitamin produces flushing, itching, anil burning jn 
skin especialts in areas subjected to pressure Individuals t ary gr ^ 

their sensitn ity to this reaction. The effect is ob-en ed only witn r 
acid and not with niacinamide, eo that the latter is preferred ^ 

peutie purposes The flushing reaction maj l>e pre\ ented by eini ^ 
administration of glycine which provides ammo groups for come 
the free vitamin to its amide 0 f fte 

Large doses of niacin or niacinamide are toxic to the rat becau- c 
depletion of the methyl donor, metluomne ie * Niacinamide is mor ^ en 
than the free acid since more N'-methylmcotinamide is excrete^ . 

the amide is fed fhe toxicity is seen only in ammaLs which 0 j 

N '-methy lnicotinamide after do-.age with the vitamin Large 
niacinamide are not toxic to young rabbite and guinea pigs, "hich ^ 
excrete the methy lated dematne Tlie toxicity of large do.es ot t . g 
min in rats may be prt\ ented by feeding methionine, or cholm 
homocy stine (sec p 1010) American 

For further discussion of the cbmcal aspects of niacin, gee the a 
Medical Association syllabus p 1291 ano* 

Storage and Synthesis of Niacin. No gignificant amount of *na ^ ^ 
its amide is stored passu cly in animal ti> me Higher concentration. 


WooD*jr J ISuJ CKrnt IS 7 4-w (19J»/ Krehl * 

■" Aadrewi Boj A ind Oortntr Ind. Eng Chem Anal W l< fid (191-' 

•^troti* J BvA CUm. IS* l (1»M> 

•* Teplj and Eire! jem Proe St* - Fzptl Bud Med 55 *2 (I9H) 

*** Handler J Bui Chm 151. 203 (1044) 
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found in the In er, muscle, and kidney for the performance of metabolic 
functions A decrease m the niacin intake of man is followed by a dimin- 
ished concentration of the macm coenzymes in the striated muscles, 
but has little effect on the coenzyme content of the erythrocytes 

Biosy nthesis of macm by plants and microorganisms, the importance 
of the contribution by intestinal flora in the nutrition of animals, and the 
effect of other dietary factors have been discussed above 

A number of practical syntheses for macm and niacinamide are mail- 
able foi commercial use The simplest of these include the nitric acid 
oxidation of nicotine obtained from tobacco or the oxidation of picohne 
or quinoline with potassium permanganate or in the v apor phase with 
air and metallic oxide catalysts Niacinamide may be prepared from the 
free acid by heating with ammonia, from esters by treatment with alco- 
holic ammonia, or from 3 cyanopyndme by acid or alkaline hydrolysis 
in the presence of hydrogen peroxide and subsequent treatment with a 
quaternary ammonium resin 183 

Distribution of Niacin. 164 In natural materials, niacin occurs pre- 
dominantly as the amide, the form in which it is active biologically m 
enzyme systems Good sources of the vitamin are liv er, adrenal glands, 
fish, meats, whole wheat or ry e, and enriched flour The vitamin occurs in 
relatively high concentration as coenzyme I m yeast, red blood cells, 
and heart muscle Fruits are poor sources of the vitamin nuts are some- 
what richer, and vegetables are variable potatoes and legumes being 
generally higher than leafy v arieties Cow ’s milk may contain from about 
1 mg to as much as 5 mg per quart, whereas human milk contains rela 
tiv ely less Tea, coffee and beer arc good sources of macm 

Chemistry of Niacin Niacin (pyridme-3-carbo\y he acid) is a white 
crystalline solid which melts at 236° C and may be sublimed without 
destruction The vitamin is stable to boiling m neutral acid or alkaline 
solution The vitamin has an absorption maximum m the ultraviolet 
region at 385 mji 



Niacin (Nicotinic Acid) Niacinamide 

Niacinamide crystallizes m light needles from "benzene and melts at 
129° C It may be distilled at 150 to 160° at 5 X 10 4 mm Niacinamide is 
more soluble m organic solv ents than the free acid and unlike the latter, 
may be extracted from water with ether The amide has a characteristic 
absorption curve in the ultraviolet region with maxima at 210, 220, and 
260 rail Niacinamide is readilv hydrolyzed to free macm by heating with 
acid or alkali 

Niacin and niacinamide react with cy anogen bromide in the presence of 
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lion 'Phis compound is stable in alkali butls d ^' ' ejenz-. me II has a" 
reserts to the oxidized form which is non-fluorescent 'r ■ _nt)4 

absorption manmum at 300 mp Its i optical rotation * lead 
Its cuprous salt is soluble hut the cocnzyme is precipitated . 

^Determination of Niacin. Accurate chemical and \vM aobml ogica 
methods for the determination of niacin in natural matenaU . ^ 
able The chemical procedures imohe reaction ° f ‘ „ ' spared for 
cyanogen bromide in the presence of an amine Extracts are pep ^ (0 
chemical or microbiological aasaj by and or alkaline hydro ' 
facilitate extraction and to hydrolyze niacinamide and a P with 

found in natural matenals In the chemical procedure, “5“™> ento -c- 
acid results in the formation of furfural from the degradation o P j 
which interferes with colonmetnc reaction Tins compound 
from the mann by adsorption of the vitamin on a by dra „,,Lauentlv 
silicate which does not adsorb the furfural The niacin is sub=eq 
eluted from the adsorbate b\ washing with alkali . 0 1 o'ncal 

Because niacin and niacinamide ha\ e somew hat different pnj tJon g 
effects, it is sometimes desirable to determine their relativ c concen _ t ion 
in mixtures This maj be accomplished chcmicallj bj , ^ reC |? 10 
measurements conducted on the hj drolj zed and unhj drolj zed e ^ 

The assaj is based on the differences in the rate of formation oi tn 2 
green pigment with ejanogen bromide and aniline _ r o\vth 

The microbiological determination of macm is based upon tn h 
stimulation of Laclolxicillus arabinosu s This organi«m responds * atf< j 
to niacin and its amide These compounds, how e\ cr, ma> be d! tt e 
microbiologicall> b> de-d ruction of the amide w ith bromine and p 
hjdroxide (lloffman degradation) con\ertmg it to ^ annn ^ snl ai 
which is microbiological^ inert lt * Differential microbiological as? ^ 
also lie conducted to distinguish l>etw een the «e\eral mctaboU 
vitamin, including niacin, its amide mcotinunc acid, and - aTa btn‘>' 
nicotinamide Two mic rcKjrganrnn-s arc employed, Ijactobacil 
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ms, which utilizes niacin, niacinamide, and nicotinuric acid, and Lcu- 
conosioc mcsenteroidcs, for which only niacin is active. 187 Hydrolysis with 
0 G N sulfuric acid at 15 pounds pressure for one hour is also employed to 
convert the amide completely to free niacin without affecting nicotinuric 
acid. The microbiological assays are conducted in conjunction with the 
fluorometric test which measures only N ‘-methyl nicotinamide Differ- 
ential assays such as those described above show that the major part 
(about 90 per cent) of the niacin metabolites excreted after the ingestion 
of the vitamin appears as N'-methylnicotinamide. Small amounts of 
niacin and niacinamide also occur in urine and somew hat larger amounts 
of the latter after the administration of large doses of the free acid. 
Human urine contains little if any nicotinuric acid except after large doses 
of free nicotinic acid 

The biochemical diagnosis of niacin deficiency is based upon the mea& 
urement of urinary excretion of N^-methylnicotinamide 168 A satisfactory 
clinical test involves measurement of the 6-hour urinary excretion of 
N‘-methylnicotmamidc following the oral administration of 300 mg 
niacinamide 189 

Earlier clinical tests for the diagnosis of pellagra, based upon measure- 
ment of urinary “porphyrins/’ are not reliable since the color reaction 
has been found to be due to urorosein rather than to porphyrin and de- 
pends on the presence of other compounds in the urine 

Modified Colorimetric Method of the Research Corporation: 1711 Principle. 
The method involves strong acid hydrolysis to convert dem atives to nicotinic acid, 
adsorption of the vitamin on Llojd’s reagent, clarification of the eluate with lead 
hydroxide, and reaction of nicotinic acid with cyanogen bromide and aniline to pro- 
duce a yellow pigment I'hich is measured photometrically. 

Procedure : Preparation of the Sample. Hydrolyze a sample of tissue or 
food containing 100-500 pg. of niacin by heating in a boiling water bath with 
75 ml. 4 N hydrochloric acid for 30-40 minutes. Cool and dilute to 100 ml. 
Transfer 25 ml. of the suspension to a narrow (18-mm. diameter) centrifuge 
tube calibrated at the 26.5-mI. mark. Adjust the pH to 0.5-1. 0 with IS N 
sodium hydroxide using 0.1 per cent methyl violet as an outside indicator. 171 
Cool, add 2.5 g. Lloyd’s reagent, 17 * and shake l minute. Centrifuge and dis- 
card the supernatant liquid. Wash the residue twice with 10 ml. 0.2 N sulfuric 
acid, each time centrifuging and discarding the supernatant. Add 0.5 N 
sodium hydroxide to the 26,5-ml. mark and break up the precipitate with a 
stirring rod. Immerse the tube in a boiling water bath for 5 minutes, stirring 
the contents occasionally. Cool and centrifuge. Transfer the supernatant to 
another tube, add 1.6 g. finely divided lead nitrate, and shake vigorously for 
I minute. If the solution Is still alkaline, add more lead nitrate until acid. 


147 Johnson J Biol Chem , 151. 277 (1045) 

,w Huff and PerUweig J Biol Chem , ISO, 305 (1943) 

*** Goldsmith Arch Internal 1/erf 73.410 (1044) 

1,9 Melniek Cereal Chem , 11, 553 (1942) 

171 U«c one drop of sample to one drop of indiralor on a spot plate Match ruth the blue 
color m\cn by one drop of 02 N sulfuric acid 

,7, A hjdraied aluminum silicate obtained from 111 Lilly and Co, Tndianapolii Ind 
When suspended in \vater, 2 5 r occupies a volume of 1 5 ml 
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the rest solution, the other (or the color de.rfopetUn the chemto ^ ^ 

Set the photometer at 100 percent tranimittanc of the test «• 

alcoholic buffer™ \l.th this setting read a solution t ,M percent 

tract plus 7 ml of alcoholic buffer (A). -Now set the photometer at P 
transmittance noth the reagent blank! 3 ml stater. P'“» 6 f recM d 

bromide solution!” plus 1 ml. aniline solution. Kemose *h bromide, 

the center setting. To 3 ml. o( the test extract, add 6 m . cyan off'" 
and 10 minutes later 1 ml. aniline; read the solution 5 so i u „on con- 
center setting obtained ssith reagent blank IB). Siml arlj re a ,cobo!ic 

taming 3 ml. of test extract. 10 „g. of nicotinic acid in , 0.1 ml. of an 
solution, 6 ml. of cjanogen bromide, and 1 ml. of aniline (Cl. pj),u 

Cai-clla-tion Concert B*Uanom«*tcr readings, C, to pljotonwtnc den- >, 

follows. „ 

P D = 2 - log G 


Tlicn 

g ~ A v io X dilution factor ■= nicotinic acid per g sample 

1 me ~B 

Comment. Values obtained by the colonmetnc method for 
acid agree well with tho«e obtained by microbiological assay o: nar? 
alkahne extracts E\hausti\e aqueous extraction, without prelim 
hydrolysis, removes all the nicotinic acid from cereal products du > g 
lower microbiological and chemical values A nicotinic acid de 
other tlian nicotinamide is broken down by the hydrolytic pr 
(seep 1172). 
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column by washing with water (see p 1145) Pass a standard solution con 
taining 50 *<g of N l methylnicotinamide chloride 179 in 50 ml acetate buffer 


through the column In the same manner as 
the diluted urine samples 

Fluoromctric Measurement Mix the eluate 
and pipet a 5 ml aliquot Into each of too 
30 ml separatory funnels To one, the blank, 
add 1 ml of water followed by 16 5ml n-buta 
nol To the other, the test, add 16 5 ml buta 
nol, then 1 ml 15 per cent sodium hydroxide 
Stopper the vessels immediately and shake 
vigorously for 3 minutes Centrifuge for 0 5 
minute and discard the aqueous layer Clanfy 
the butanol by shaking with approximately 
1 g anhydrous sodium sulfate Allow the 
butanol extracts to stand m the dark for 
15 minutes during which the fluorescence 
reaches a maximum, then read in a fluoro- 
meter with appropriate light filters Use a 
solution of quinine sulfate containing 0 2 ^g 
per ml in 0 1 N sulfuric acid to check the 
setting of the instrument 

Caccvlatio \ Calculate the 24-hoar ur/nary ox 
crction o! Is ^methy lmcohnamide chloride ex 
preyed in terms of niacinamide using the formula, 

50 X X ^ X 0 "07 — niacinamide per 24 hr 

(7, and G. are the galvanometer deflections of the 
unknown and the standard both corrected for their 
respective blanks 3/ is the period represented by 
the urinary aliquot expressed in minutes and 0 707 
is the factor for coin ersion of N L methylmcotina 
nude chloride to niacinamide 

Comment N 1 Methylnicotinamide is 



the principal derivatn e of niacinamide 
found in human urine A\ erage basal excre- 
tion ^ allies approximate 25-30 per cent of 


Fig 27S Apparatus for the 
adsorption and elution of A 1 - 
methylmcotinamide m urine 


the dietary intake with wide individual x anations The metabolite is ex- 


creted rapidly following ingestion of the xitamm approximately 20 per 
cent appeanng m the urine within 24 hours following dosage with 50-200 
mg niacinamide 


To *nct 
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thomitrnaltotje imxajoil in a flank of nuitulili «» , «»<1 1 ™r,I l.j on. „! tin- n.ctl.o.1* 

B 7o") For dry or am, -dry material! that contain no tlmn t” n Um« 

,kmr„ Add n volume of 1 N sulfuric aa.l equal m ml to not '"* * not 

dry we.ght of the m.torml in g , hut the rewriting eolation 

than 5 0 mg of n.cot.n.e acd per ml If the material , a not readily 

it eo that it may be evenly dispersed m the hqrntl, then njptatc g 

down the sides of the flash with 1 N sulfuric acid ^ lumping 

Heat the mixture in an autoclave at 121 to 121 for 30 immites mature 

occure, agitate the mixture until the partielea are er eiily <lnp™d ' A'lju ^ ^ 

to a pH of 08 with sodium hj dioxide solution, dilute with ' volcr 1 h m L 

measured volume that contains approximately 0 1 jig of nicotinic aci 
and filter if the solution is not clear _ . n , Lasic sidr 

(b) For dry or temi-dry material* that contain appreciable amou / ^ ^ 

stances Add sufficient sulfuric acid solution to bring the pll of the m ha !l 

tween 5 0 and G 0 Add such an amount of water that tin total volume <1 tfcp 
be equal in ini to not liss than ten times the dry w< ight of the sample g , ^ 

resulting eolution si all contain not more than 5 0 mg of nicotinic acid flnd 

Tht n add the equivalent of 10 ml of 10 \ sulfuric acid for i acli 100 ml ol q 
proceed as directed under (a), beginning with the second sentence gu] 

(c) hor liquid material s Adjust the material to a pH of 5 0 to G O with M 

funo acid solution or sodium hydroxide solution, and proceed as directed 
beginning with the second sentence Nicotinic 

Standard Nicotinic Acid Stock Solution I Dissolve 50 mg ol U » i r 

Acid Itefercncc Standard, previously dried and stored in the dark in a dcsicc ^ 
phosphorus pentoxide, in sufficient alcohol to make o00 ml Store in a re ri 
Each 1 0ml represents 100 /ig of U S P Nicotinic Acid Reference Standard .j 

Standard Nicotinic Acid Stock Solution II To 100 ml of stock solu ion , ^ 
sufficient water to make 1000 ml Store under toluene in a refrigerator Each 
represents 10 jig of U S P Nicotinic Acid Reference Standard jg 

Standard Nicotinic Acid Solution Dilute 10 ml of stock solution II wi . 
cicnt water to make 1000 ml I ach 1 0 ml represents 0 1 /ig of U S P Nicotinic 
Reference Standard Prepare fresh standard solution for each assay 


Basal Medium Stock Soi ution 


Acid hydrolyzed Casein Solution 
Cystine Tryptophan Solution 
Dextrose, Anhydrous 
Sodium Acetate Anhydrous 
Adenine-Guanine Uracil Solution 
Riboflavin-Thiamine Biotin Solution 
p-Aminobtnzoic Acid Calcium Pantothenate Pyndoxine 
Solution 
Balt Solution A 
Salt Solution B 


25 ml 
25 ml 
10 g 
5 S 
5 ml 
5 ml 

5 ml 
5 ml 
5 ml 


Dissolve the anhydrous dextrose and sodium acetate in the solutions P rc ' l(> 
mixed and adjust to a pll of G 8 with sodium hydroxide T S [Test Solution! ,n 
add water to make 2o0 ml . ^qq 

Acid hydrolyzed Casein Solltion Mix 100 g of vitamin free casein wi ^ 
ml of constant-boding hydrochloric aci 1 (approximately 20 per cent HC1) fln 


1,1 The concentrations of tf e sulfuric acid and sodium I ydroxido solut ons used ^ t j, e 
Mated in each instance because tfese concentration* may be varied depending 
amount of material taken for assay vt lume of test «/ lution and l uttering effect ol m 
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the mixture for 24 hours Remote the hydrochloric acid from the mixture by dis 
filiation under reduced pressure untd a thick paste remains Redissolvc the result 
mg paste in water, adjust the solution to a pH of 3 5 (±0 1) with sodium hydroxide 
TS, and add water to make 1000 ml Add 20 g of actuated charcoal, stir for 1 
hour, and filter Repeat the treatment with actuated charcoal if the filtrate does 
not appear straw colored to colorless Store under toluene in a refrigerator Filter 
the solution if a precipitate forms upon storage 

Cystine Tryptophan Solution Suspend 4 0 g of L-eystme and 1 0 g of L-trypto- 
phan (or 2 0 g of D,L-tryptophan) m 700 to 800 ml of water, heat to 70° to SO® and 
add 20 per cent hy droclilonc acid dropwise, with stirring, until the solids are dis 
<;ol\ ed Cool, and add w ater to make 1000 ml Store under toluene in a refrigerator at a 
temperature not below 10® 

Adenine Guanine-Uracil Solution Dissolve 0 1 g each of adenine sulfate, 
guamne hy drochloride, and uracd, with the aid of heat, m 5 0 ml of 20 per cent hy dro- 
chloric acid, cool, and add water to make 100 ml Store under toluene in n refrigerator 
Riboflavin Thiamine Hydrochloride Biotin Solution Prepare a solution con- 
taining in each ml , 20 fig of riboflax in, 10 fig of thiamine hy drochloride, and 0 04 
fjg of biotin, by dissolving crystalline riboflavin, cry stalline thiamine hydrochloride, 
and crystalline biotin (free acid) in 0 02 N acetic acid Store, protected from light, 
under toluene in a refrigerator 

P-Aminobenzoic Acid-Calcium Pantotiien ate-Pyridoyine Hydrochloride 
Solution Prepare a solution m neutral 25 per cent alcohol to contain 10 fig of 
p-nrmnobenzoic acid, 20 ug of calcium pantothenate, and 40 ug of pyndoxine hydro 
cbJonde id each mL Store in a refrigerator 
Salt Solution A Dissolve 25 g of monobasic potassium phosphate and 25 g 
of dibasic potassium phosphate in water to make 500 ml Add 5 drops of hydrochloric 
acid and store under toluene 

Salt Solution B Dissolve 10 g of magnesium sulfate, 0 5 g of sodium chlo 
ride, 0 5 g of ferrous sulfate, and 0 5 g of manganese sulfate in water to make 500 ml 
Add 5 drops of hy drochlonc acid and store under toluene 
Stock Culture of Lactobacillus arabinosus 17-5 Dissolve 2 0 g of water- 
soluble yeast extract in 100 ml of water add 0 5 g of anhydrous dextrose, 0 5 g of 
anhydrous sodium acetate, and 1 5 g of agar, and heat the mixture, with stirring, on a 
steam bath, until the agar dissolves Add approximately 10-tnl portions of the hot 
solution to test tubes plug the tubes with cotton, sterilize in an autoclave at 121® to 
123®, and allow the tubes to cool in an upright position Prepare stab cultures in 3 or 
more of the tubes using a pure culture of Lactobacillus arabinosus 17-5, i” incubating 
for 16 to 24 hours at any selected temperature between 30® and 37° but held constant 
to within ±0 5® and finally store in a refrigerator Prepare a fresh stab of the stock 
culture e\ cry w eek and do not use for inoculum if the culture is more than 1 week old 
Culture Medium To each of a senes of test tubes containing 5 0 ml of the basal 
medium stock solution, add 5 0 mh of water containing 1 0 ug of nicotinic acid Plug 
the tubes with cotton, sterilize in an autoclave at 121® to 123®, and cool 

Inoculum Make a transfer of cells from the stock culture of Lactobacillus ara 
bmosus 17~5 to a sterile tube containing 10 ml of culture medium Incubate this 
culture for 16 to 24 hours at any selected temperature between 30° and 37® but held 
constant to within ±0 5® The cell suspension so obtained is the inoculum 

Assay Procedure Prepare standard nicotinic acid tubes as follows To 
duplicate test tubes, add 0 0 ml , 0 5 ml , I 0 ml , 1 5 ml , 2 0 mJ , 25 ml 
3 0 ml , 3 5 ml , 4 0 ml ,45 ml , and 5 0 ml , respectively, of the standard 


141 Pure cultures of Lactobacilli a oral moans 17 5 may be obtained from the American 
'Pipe Culture Collection M Street V 11 W asi mpton f D C as number 8014 
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nicotinic acid solution. To each tube add 5.0 ml. of basal medium stocl. solu- 

tion and water to make 10 ml. follows- To dupH- 

Prepare tubes eontalniua the material to be assajed as ^ the 

cate test tube, add, respective!,. 1.0 ml.. 2.0 ml.. 3.0 on ^” ot baw l 
test solution of the materia! to be assa, ed. To each tube add 5. 1 

medium stock solution and water to male 10 ml. After mltlnS, p 8 
vs i t h cotton or cover with caps, and sterilize in an autoc are In cubate 

Cool, aseptically inoculate each tube with 1 drop o nocu 1 j, e i d con- 
for 72 hours at any selected temperature between 30 fore , go 

stant to within ±0.5°. Contamination of the assay tubes wit Y 
organism invalidates the assay. j,„ T ifle using 

Titrate the contents of each tube with 0.1 N ® od, "“** red electro- 
bromothj mol blue T.S. as the indicator, or to a pH ot 6.8 measur 
metrically. . , , iitrations 

Calculation Prepare a standard nine of the nicotinic acid s ^" d *™. um hx - 
bj plotting the average of the titration values expressed in ml ol V i - 0 f 

droxide for each level of the nicotinic acid standard solution u-ed, g ernJine 

nicotinic acid contained in the re«pecti\e tubes From this standard cu , 
bv interpolation the nicotinic acid content of the test solution m *** , Calca- 

anj \ alura of more tlian 0 40 or less tlian 0 05 i«g of nicotinic acid in eac&tu Tfce 

late the nicotinic acid content in each mL of the test solution for eac o e _ Tg j uP « 
nicotinic acid content of the tc«t material is calculated from the average o ^ jq ^ 
obtained from not less than 6 of the*c tubes that do not varj bj more -flaming 
cent from the av erage If the titration values of less than 6 of the«e tubes 
the test solution are within the range of the titration values of the mcotmic to 

ard tubes containing 0 05 to 0 40 jxg of nicotinic acid, the data are . ex- 

permit calculation of nicotinic acid content of the test material. Titration v * . cin? 
ceeding 1 0 mL for the tubes of the standard nicotinic acid solution senes ^,4 

00 mL of the solution indicate the presence of an excessive amount of nico 
in the basal medium stock solution and invalidate the assay. 

PYRIDOXINE AND RELATED COMPOUNDS (VITAMIN B«) 
Goldbergcr and Lillie m 1926 reported the development of a 
actenstic dermatitis, called acrodyma, in rats fed a diet deficient in . _ 
thev regarded as the pellagra-prev entiv e (P-P) factor In 1934, 
ing the multiple nature of the vitamin B complex, P GyorgJ “ 
nated the missing factor vitamin B*, the rat pellagra-preventive a ’ 
the deficiencj- being characterized bj edema and denuding of the 
and the areas around the no=e and mouth, and thickening of the 
Lack of this vitamin was also shown to induce microcytic hvpoc ^ 
anemia and neurologic lesions m dogs and pigs Vitamin B « attrac 
much attention that within one year, 1938, it v\ as isolated indepeo 
by five groups — Lepkovsky, Keresztesy and Stevens, P Gvorgy, . j 
and Wendt, and Itiba and Miti In tbe following 3 ear, the ch e 
structure was elucidated and the compound was synthesized 
pendentlv by Keresztesj , Ptevens, Hams, Stiller, and Folkers in 
United States and bj Kuhn, Westphal, Wendt, and Westpbal m 
many The vitamin w as named pyndoxinc by the American in' estiga 
and adtrmin b} the Germans 


1 ,1 0, erheatmg of the uray tube* dnrmg fte-iluat*m may p-oduee 
Gyfcriy V aturt. 113, 499 (1951} 
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It should be noted that the term vitamin B 6 includes not on]ypyridoxine 
but pvridoxal and pyridoxamine as well, all three compounds being found 
in nature. 

This is the reason for the anomalous results obtained in microbiologi- 
cal 185 and chemical assays 188 for vitamin B b which led to the discovery of 
the aldehyde and amine derivatives, pyridoxal and pyridoxamine. These 
derivatives have biological activity equal to that of pyridoxine for rats 
and somewhat less for chicks, but their utilization by microorganisms 
varies considerably. All three compounds are equally active for Saccha - 
romyces carlsbcrgcnsis, while pyridoxal and pyridoxamine are less active 
than pyridoxine for Saccharomyces ccrrisiae; on the other hand the 
aldehyde and amine are relatively more active fori, kclveticus or S.fccalis 
R, and only pyridoxal has activity for L. casei. Evidence suggests the 
existence of members of ithe vitamin Be complex as yet unknown. 187 It 
is probable that these are known forms bound in such a way that they 
are not released by conventional methods of hydrolysis. 

Physiological and Clinical Aspects of Pyridoxine. Deficiency of 
vitamin B« in rats causes acrodynia (see Fig. 279), edema, inhibition of 
growth, and nerve degeneration. The vitamin is essential for the chick, 
rat, dog, and pig, and for numerous microorganisms. The significance of 
the vitamin is claimed to be related in part to the metabolism of unsatur- 
ated fatty acids. The dermatitis observed in vitamin B 6 deficiency closely 
resembles that noted in cases of fatty acid deficiency. Some observers 
have reported that the addition of certain nnsaturated fatty acids to a 
diet deficient in vitamin B 6 protects against the appearance of the de- 
ficiency syndrome of the vitamin. 

The role of pyridoxine in amino acid metabolism is illustrated by the 
increased severity of symptoms upon the addition to a pyridoxine-poor 
diet of supplemental levels of cystine, methionine, tryptophan, glycine, or 
serine. Pyridoxine-deficient infants 188 or rats 189 lose their normal capacity 
to form niacin and N^mothylnicotinamide from tryptophan. However the 
dependence of the tryptophan conversion on pyridoxine is questioned by 
some investigators. 390 Vitamin B 6 deficiency in rats and swine is character- 
ized by the appearance in the urine of xanthurenic acid, a metabolite of 
tryptophan. All three known members of the vitamin B 6 group — pyri- 
doxine, pyridoxal, and pyridoxamine— are converted by organisms cap- 
able of utilizing them into amino acid decarboxylases. 191 Pyridoxal 
phosphate functions as a coenzyme which, when combined with the 
apoenzyme (the protein moiety of the enzyme) , such as is present in Strep- 
tococcus fecalis R grown in a medium deficient in vitamin B fi , catalyzes 


*“ Snell: J. Biol. Chem., 157. 491 (1945). 

1,1 IIochborK. Melnick, and Oser: J - Biol Ckem., 154. 313 (1944); 155. 119 (1944). 

1,1 Melnick, Hocliberg, Himes, and Oser: J. Biol Chem., 160, 1 (1945). 

1,1 Syndcrman, Holt. Carretero, and Jacobs: J. Clin. Xutrition, l, 200 (1953). 
m Schweigert and Pearson: J. Biol. Chtm., 168, 555 (1947). 

1,8 Sarett: J. Biol. Chem., 182. C31 (1950). 

Hcimlwrg, Ro«en, Leder, and Perlxweig: Arch. Biochem., 28, 225 (1950). 

M * Gunaalus and Bellamy: J. Biol. Chem. 155, 357 (1944); Bellamy. Umbreit, and 
Gunjalus: J, Biol Chem., 160. 461 (1945); O’Kane and Gunsalus: J. Biol. Chem., 170. 425, 
433 (1947). 
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decarboxj lation react,™, Am.no 

argimne^ C onuthitm :U ghitoniu: r acid^and' ilioxj ajrmatm 1 



Fig 279 Pyridoxine-deficicnt rat 
bote edema an 1 dermatitis of paws and nose 


The high specificity of deearboxt lation reactions permits their^ u ^ Min 
malytical purposes Glutamic acid decarboxj lase is 
;issue of rats and in vitamin Bp-deficiency it is the 
coenzyme that is depleted rather than the apoenzyme **" * 1 to 

The same coenzjme pjndoxal phosphate, has been demonstrat ^ 
function m transamination reactions 1 ** of nhich the following 15 


present in me 
pyndoxai phosphate 


*** For studies of this glutamic acid decarboxj lase see papers by Asrapsra d 
friend and Roberta et al in J Bid Chem 19^0-51 

'** Lichstem Gunsalus and bmbreit J Bid Chem It! 311 (1945) 


al. tJ**' 0 
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COOH 

COOH 
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COOH 

1 

COOH 
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CH- 

CO 

CHo 
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1 

CH, 

+ CH- s=i 

H — C — NH* 

l 

+ CHs 
| 

H — C — XH* 

j 

COOH 

COOH^ 

CH, 

j 

COOH 

Glutamic 

acid 

Oxalacetlc 

acid 

Aspartic 

acid 

COOH 

a-Ketoglutaric 

acid 


example Such reactions are suggested as the explanation of the grou th re- 
sponse of rats to heto and hydroxy analogs of certain amino acids m 
Evidence also indicates that vitamin B 6 participates m enzyme systems 
involved in the synthesis of amino acids by microorganisms 

The fact that py ndoxme dem ati\ es play a part in such a variety of 
ammo acid reactions would seem to justify the belief that vitamin B 6 
is required in the nutntion of man as it is for rodents, fowl, and other 
species While no clear-cut deficiency sjndrome is seen clinically which is 
comparable to thiamine or niacin deficiency , vitamin B 6 deficiency has 
been produced experimentally in man 195 The daily human requirement 
of Mtamin Be, estimated chiefly on the basis of animal experiments, is 
2 mg The vitamin B 6 compounds are excreted mainly as d-pyrcdo\(c 
acid 

Py ndoxme has been used clinically in acne and other dermatologic 
disorders, but its \alue has y ct to be conclusiv ely demonstrated Parkin- 
son’s disease, muscular dystrophy, and especially nausea ‘and vomiting of 
pregnancy are among the conditions which have been treated with 
py ndoxme, but the results are too indefinite to justify associating these 
conditions with vitamin deficiencies Clinical vitamin deficiencies, particu- 
larly of the B group, generally are of a multiple nature Pellagrins who 
responded only parti alh to the administration of thiamine, nboflavin, 
and macm show ed considerable improvement after mtrav enous adminis 
tration of py ndoxme. 

Storage and Synthesis of Vitamin Bj. Vitamin B # is present ra most 
animal tissues, with high concentrations m the liver It is synthesized by 
bacteria in the rumen of sheep and cattle 

Distribution of Vitamin B 6 J96 In natural materials vitamin B s occurs 
principally bound to proteins Rich sources are y east and nee polishings 
Seeds and cereals are good sources especially the germ In nee bran the 
vitamin is present to a small extent m the free form, but a major portion 
is a bound complex of py ndoxme, readily hydrolyzable by heating with 
strong acids Py ndoxme was isolated from nee polishings m 1932 by 
Ohdahe before its identity as a vitamin was known In y east and liver, it 
is present chiefly as bound py ndoxamme, though small concentrations of 
py ndoxme and py ndoxal are also found 

1,4 M outer and Wl te J Biot Chrm 111 211 (1951) Holden Wildman and Snell 
Jfci l 191 5o9 (19ol) 

l, ‘ Mueller and V liter J Cltn Inrest 29 193 (1950) 

3H See Ippenri x IV 
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Chemistry of Vitamin B t . Pyridoxine demm- 

Ices, slightly bitter, crystalline solid, meltl "S “ slightly soluble 

position It is optically inactive and very solublcin l t ^ ^ ^ 

in 95 per cent alcohol amlm acetone, and ‘"“'“““'"f.^Jiubleinvater, 
,s also a colorless, crystalline solid melting at 160 C It is so u The 

acetone, and alcohol, and slightly soluble in ether mat el> 

aqueous solution of pyndoxme hydrochlonde has a pH f PPJ carthi 
3 It is adsorbed from acid solution on zeolite, chloride or 

and may be eluted from "f.’Vhe^tmetu^ of pyndoxme (2- 

from fuller’s earth tvlth a xteak alkali The stmcturcs I ^ ^ pyn . 
methyl-3 hydroxy-4, 5 bis(hydroxy methyl) pyridine), pynd 
doxamme are 


CH 2 OH 

ho/Nch.oh 


CHO 

HoAcHrOH 




CH.NH* 

HOf^CH*OH 




CH a 


A' 


Pyndoxal Pyrldoxamine 

Pyndoxme, pyndoxaminc, and pyndoxal can be separated 
chromatography and distinguished by their relative P , in tb< 

strip Tor this purpose a “ bioautographic procedure < on an 

senior authors’ laboratory 1,7 is used The developed strip 1 , , ^th 

agar plate containing a B«-dcficient medium and lightly ^ 0 [ 

Saccharomyccs carlsbergcnsis, an organism capable of 1Z on the 
these forms of the vitamin After incubation, the loci of Be* la 
stnp are recognized by the zones of yeast grow th . compli' 

Early chemical and microbiological studies of vitamin uns- 

eated by the presence of the several forms, and by the facility at , on 
formation of one compound to another Conditions favonng a* ^ t he 
or partial oxidation of py ndoxine result m the formation of 80 ca pac- 
amine or aldehyde This is attended by considerable change in 
lty for grow th stimulation of certain microorganisms v,cnroti° D 

The three know n forms of vitamin B# possess characteristic a • 


cuncs m the ultraviolet region of the spectrum These curves — 
absorption maximum common to all three compounds Howe ^ 
total concentration of vitamin B b present in a solution relative} , m n 
interfering substances may be determined by measurement a cO0l - 
and pH 0 75 Under these conditions, the Ef2. value for each of 1 
pounds is 1 10 184 osurc to 

Py ndoxine, py ndoxal, and pyndoxaminc are destroy cd by' exp ^ 

light Destruction is most rapid in the ultrav lolct region of the spe 
in neutral or alkaline solution Though all three compounds ar *A 1%f >- 
paratively stable to light inO 1 N acid, py ndoxaminc is slightly' s _ c 
The photolv sis of vitamin B* is not affected by the presence o 
three forms of the vitamin arc stable to heating at 100° C "itn ° 
fun< or hydrochlonc aud, only pyndoxal is unstable to heat in a j^ c 
solutions All three compounds are stable to mild oxidizing agen 


*** W uuten and Upn Vtor Soe Fxp Biol Med . 47. 513 (1018) 
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manganese dioxide in alkaline solution or hydrogen peroxide in neutral 
solution at room temperature. How ever, they are destroyed by potassium 
permanganate or by manganese dioxide in acid solution at room tempera- 
ture, or by heating with nitric acid, potassium permanganate, or hydrogen 
peroxide. 

DETERMINATION OF VITAMIN B 6 
Since a major proportion of the vitamin B e present in natural materials 
occurs in bound forms, assays must be preceded by hydrolysis by enzymes 
or by heating with acid. Pyridoxine reacts with ferric chloride to produce 
a compound having an orange-red color. Pyridoxine is phenolic and reacts 
with diazonium salts to produce dyes. The other forms probably have 
similar reactions. Pyridoxine, pyridoxal, and pyridoxamine couple with 
2,6-dichloroquinone chloroimide to produce a blue dye, the last tw o being 
about half as reactive as the first. The reaction with pyridoxine is shown 
in the following equation. In the presence of boric acid, pyridoxine alone 
forms a stable complex which does not couple with the reagent, thus per- 
mitting its differentiation from pyridoxal and pyridoxamine in pure 
systems. 188 The low values for the pyridoxine content of natural materials 

CHiOfI 

cn,o:» 1 


Pyridoxine 2,6-Dichloroquinone Blue dye 
chloroimide 




obtained by this procedure indicated the existence of other, possibly con- 
jugated, forms of vitamin B«. At any rate it is not recommended as an 
analytical method except m relatively pure mixtures where pyridoxine is 
the predominant B® factor, as in pharmaceutical preparations. 

Microbiological methods for the detemu nation of vitamin B® are based 
on the growth stimulation of yeast or bacteria. These are complicated by 
the variable responses of the microorganisms to the different forms of the 
vitamin. All three forms have equal activity on a molar basis for Sac- 
charomyces carlsbergcnsis. For Saccharomyces cercvisiac, how'ever, the 
amine has 40 per cent, and the aldehyde 46 per cent, of the activity of 
pyridoxine. Though pyridoxine itself is inactive for Lactobacillus caset and 


Streptococcus fecalis R, pyridoxal is active and pyridoxamine inactive for 
the former, whereas pyridoxamine is active and pyridoxal 36 per cent as 
active as pyridoxamine for the latter. Assuming that vitamin B® complex 
contains no other members than pyridoxine, pyridoxal, and pyridoxamine, 
differential assays may be conducted on natural materials or on mixtures 
of the three synthetic forms, employing several microorganisms Such 
assays are difficult, however, because of the ease of conversion from one 
form to any other. Pyridoxal when autoclaved with hydrolyzed casein 
produces some pyridoxamine, resulting m increased activity for S. 
fecahs. The reverse of this transamination reaction occurs when pyri- 
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doxomine u. autoclaved v,.th a-kctoglutanc ac.d S-ich ‘rcato ‘ 

« increased achv.tj for L case, and decreasrf artmtj for * i ^ 
Autoclaving pyndoxine ruth cjutme, rthe foS.on of 

acid or treating v.ith hydrogen peroxide results , ln “® v.„ ng ,„ 

“pceudopj ndoxine” (probably pyndoxaland pjn °* t g e been 
creased biological activity for lactic acid organ’s® Attvmpt^a,^ ^ 
made to preient these transamination or partial d , a =epa 

sterilizing the hydrolyzed samples and the m ‘ crob,0 '°® V however, 

rately, and then combining them aseptically Such proced , h 
may not give a true picture of the concentrations of 
originally present in the test materials since the undesirabl 
may occur during the sterilization of the samples themselies ^ 
animal tissues arc autoclaved noth pyndoxine, the activ > er> the 
lactic acid bactcna may increase several thousandfold dova l 

differential assays arc based on theassumption that pyndoxine, py 
and pyndoxamine are the only existing forms of , mate na1 

Certain anomalous results ohtained in the assay of natu 0 [ 

for \ itamin B, have been interpreted to indicate the P rese " c conre n 
the Mtamin as yet unhnonn The bound pyndoxine in nc w 

trates is completely liberated by autoclaving with 1 r nrlsbergen gli 
that analysis of such hydrolyzates with Saccharomyces car o 9 
gives values agreeing with tho«c of the rat assay Hy droly sis t he 

liver samples by the same treatment, however, pves low vai • ng 

microbiological procedure W hen the sample is hy droly zea y ^th 

with comparatively weak acid, 0 055 N sulfuric, the values ag j 0 

those found in the rat assay The low results are not attn ^ feat 
destruction of the know n forms of vitamin B« by the strong ac ^ ^ 
ment, since py ndoxinc, pyridoxal, or py ndoxamine may be nea 
presence of yeast and liver without measurable destruction UJ1 

Since all members of the vitamin B* complex, both know n 8 
known have equal activitv for Saccharomyces carlsbergensis an ^ a( j e 
rat, reliable microbiological assays of natural materials may » l0n 0 f 

employing this microorganism As described above, the conccntra ^ 
sulfuric acid required for the hydrolytic liberation of bound forms 
vitamin vanes with the type of product under assav Hence 
attention must be given to this preliminary step To destroy t 1 ( 

which, under certain conditions may interfere with the py ndoxinc ^ um 
it has been suggested that the sample he hydrolyzed with s 
hydroxide under pressure m tamW 

Biological procedures hav e been desenbed for the estimation oi ' 

B* based on the growth of rats and on the cure of specific rat derm^ « 
Of these the methods of Dimick and Schrefiler 1 ” and of Sarma ^ 
and rivthjcm w have l>e<,n widelv used The latter authors nave 
reported a chick-growth assay n c f 

The pnnnpal unnarv excretion product resulting from thc^inges^^^ 
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hydroxymethyl pyridine). This compound is converted by heating with 
strong acid to a highly fluorescent lactone which can be determined by 
simple fluorometric means 201 This reaction is useful in metabolic studies 
of vitamin Be. 

Determination of the Vitamin B t Complex (Microbiological Method of 
Atkin, Schultz , Williams, and Frc y):*°* Principle. The growth stimulation of a 
strain of the jeast Saccharomyccs carhbergensis by vitamin B s is employed for the 
microbiological assay of the \ itamin. 

Procedure: Preparation of Yeast Inoculum. Prepare a fresh slant of Cul- 
ture 4228 (American Type Culture Collection), a strain of Saccharomyces 
carlsbergensis, on “Difco” malt agar and incubate for 24 hours at 30° C. 
Remo\e a quantity of fresh growth with a sterile wire loop and suspend in 10 
ml. sterile 0.9 per cent saline in a colorimeter tube. With the aid of a densi- 
tometer* 03 or photoelectric colorimeter, adjust the concentration to an equiv- 
alent of I mg. moist j east per ml. by adding sterile saline. Dilute 5 ml. of 
the adjusted suspension with 45 ml. saline in a sterile Erlenmeyer flask. 

Preparation of the Sample. Suspend a portion of the sample containing be- 
tween 2 and 4 pg. vitamin B 6 in 180 ml. 0.055 N sulfuric acid.* 04 Autoclave at 
15 pounds pressure for 1.5 hours, cool, neutralize to pH 5.2, and dilute to 200 
ml. Centrifuge if turbid and assay the clear supernatant extract. 

Preparation of Basal Medium. Mir 100 ml. sugar and salts Solution,* 0 * 
20 ml. potassium citrate buffer, 20 ml. casein hydrolyzate, 10 ml. thiamine 
solution, 10 ml. inositol solution, 4 ml. biotin solution, 5 ml. calcium panto- 
thenate solution, and 10 ml. niacin solution. Dilute to 200 ml. 

Microbiological Assay. Place 5 ml. basal medium In each of a series of 
18-mm. pyrex test tubes. In successive tubes pipet respectively 0.25, 0.50, 
1.00, 2.00, 3 00, and 4.00 ml. of extract. With each assay series also include a 
reference series consisting of tubes containing 0, 5, 10, 15, 20, 30, and 40 
millimicrograms pyridoxine hydrochloride. Adjust the total volume in each 
tube to 9 ml. Plug the tubes and steam for 10 minutes and cool. Under aseptic 


m Huff and Perlrweig J. Biol Chem , 155, 345 (1944). 

*** Atkin, Schulte, Williams, and Frey Ind Eng Chem, Anal Ed, 15, 141 (1943). 
The addition of niacin to the basal medium was proposed b} Hopkins and Pennington 
Bioehem J , 41. 110 (1947) 

*°* Calibrate the densitometer with a suspension of moist baker’s yeast. 

*“* Some materials, wheat, and wheat products require more acid For such samples use 
SON sulfuric acid 

*** <8ii|jar and Sails Solution Dissolve 200 g CP dextrose (anhjdrous), 32 g mono- 
potassium phosphate, 1.7 g potassium chloride, 0 5 g calcium chloride dilijdrate. 0 5 g 
magnesium sulfate, 0 01 g ferric cldonde, and 0 01 g manganese sulfate m distilled water 
and dilute to 1000 ml 

Potassium Carole Buffer Dissolve 100 g potassium citrate monohjdratft and 20 g 
citric acid monohj drate in distilled water and dilute to 1 liter 

Casein Ilydroly'ate Solution Neutralize 80 ml " vitamin-free” casein hydro)} zate 
(10 per cent solution, obtainable from General Biochemicals, Inc , Chagnn Palls O) to 
pH 4 0 and dilute to 100 ml 

TTnamme Solution 10 pg per ml 

Inositol Solution 1 ing per ml 

Biotin Solution 0 8 pg per nil 

Calcium Pantothenate Solution 200 jig per ml 

A’lacm Million. 0 1 mg per mL 
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conditions Introduce into each tube 1 ml. of the yeast inoculum Place the 
tubes In a mechanical shaker for 16-18 hours at 30° C Immediatel) thereafter 
estimate the >east growth turbidlmetrically in a densitometer or photo- 
electric colorimeter with a 660 or 720 m? filter 
Calculation Plot the results of the reference senes in per cent absorption agaicst 

m/ig ofpvnloxmehjdrochlonde Estimate the \alues for the unknowns from the graph- 

Calculate the p\ ndoxmc content of the sample for each tube Average all values wh.e- 
agree within 10 per cent of their mean 

Interpretation. The vitamin Bg group consists of pyndoane, pyn* 
doxal, ptndoxamine, and one or more unidentified labile factor® Al* 
memlicrs of the complex show comparable activity for Saccharomycci 
carhlcrgcrm* (Culture 4228) and the rat Hence thLs procedure measure 
biological \ itamin Be activity rather than the concentration of pyridoxin* 
or am single den\ati\c 
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indication that it plays a fundamental role in metabolism. The nature of 
its function has become clear since the discovery by Lipmann and as- 
sociates 212 of cocnzyme A, of which pantothenic acid is a molecular com- 
ponent. It is now believed that coenzyme A is the functional form of 
pantothenic acid in plant and animal tissues and in microorganisms. 

Pantothenic acid is required by the chick, rat, pig, dog, and other 
vertebrates. Deficiency symptoms are quite varied in different species. 
In the chick, the syndrome includes keratitis, dermatitis, fatty liver, 
lesions of the spinal cord, and involution of the thymus; the vitamin is 
necessary' for reproduction in hens but not for egg production In rats, 
insufficient intake of dietary pantothenic acid lesults in necrotic lesions 
of the adrenal cortex and other related symptoms. Regulation of salt 
and water balance are functions of the adrenal cortex. Pantothenic acid 
deficiency results in increased appetite for salt, and a low-salt diet pro- 
motes the graying of hair which results from pantothenic acid deficiency'. 
Deprivation of water produces “bloody whiskers” (i.e., porphyrin 
staining) in rats, a condition also brought about by pantothenic acid 
deficiency. 

Achromotrichia or graying of hair in black rats (“rusting” in white 
rats) on diets lacking pantothenic acid, and similar phenomena in dogs 
and foxes, probably are due to a complex deficiency, since pantothenic 
acid itself is less effective than extracts containing mixtures of B-comple\ 
factors. Pantothenic acid has not been established to be of specific value 
in restoring the color to human gray hair. 

The “spectacled eye” condition in rats, associated with a deficiency 
of inositol or biotin, may develop in the absence of sufficient pantothenic 
acid. Pantothenic acid is required in the metabolism of all bacteria. Those 
which do not require an external supply synthesize it themselves. Dietary 
deficiency of this factor may result in secondary vitamin deficiencies due 
to diminished synthesis by intestinal flora. 

. The physiologically active form of pantothenic acid in the animal 
organism appears to be coenzyme A. This coenzyme (abbreviated CoA) 
participates in a wide variety' of reactions involving the transfer of acetate 
or two-carbon units. Its acetyl derivative (acetyl CoA) 

ATP 

CoA + acetate v t CoA-COCHj 

Acetyl CoA 

is considered to be synonymous with “active acetate” and has been 
described as the “pivot on which acetyl transfer mechanisms turn.” ija 
However, it is necessary* to point out that many* of these metabolic 
transformations arc quite complex and involve the mediation of numerous 
enzymes and cocnzynnes. CoA participates in the acetylation of amines ; 
examples are sulfanilamide, glycine, etc. In these reactions the carbonyd 
group of the acetyl radical is involved: 

CoA-C*OCHj + R-NH 2 R-NH-C*OCH s + CoA 


s,f Lipmann. Kaplan, Nb\clk, Tuttle, and Gulrard J. Biol. Chem , 167, 869 (19471 ■ 
186,215 (1950). 

*** Welch and Nichol: Ann. Ret. Biochem., 21, 633 (1952). 
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In contrast with this mechanism, the mcthjl group is imohed in Co t 

condensation reactions such as the formation of citnc from 

acid 


CO COOII 

CoA COC*Hj + 1 ^ 

GHsCOOH 


C*HiCOOII 
HOC COOII 
CHjCOOII 


+ CoA 


a reaction mediated bj a condensing enzj me * H . ontpnns; 

It is belie\cd that all substances (e g , acctaldchjde, acetate) 
the tncarboxjlic acid ejele as two-carbon fragments generate 
CoA 1 ' 5 This may be illustrated by the following reactions tor at 
and pyruv ate 

ATP 


Co\ 4- acetate -«■ — k Acetj 1 CoA 
CoA + pjruvate . — v COi + Acetj 1 CoA 


The foregoing indicates, in part at least, the vital role plajed 

pantothenic acid coenzj me in carbohydrate metabolism Acetj 1 ra ^ 

also occurs in the metabolism of fattj acids and 0 keto fattj aci ^ 
intro studies on butyrate oxidation 11 ® ha\ e suggested that for ever} 
carbons of a fattj acid chain one mole of acctj 1 CoA is generate , ^ 

secondary reaction acetyl phosphate is formed releasing CoA for * u . 
degradation of the chain It has furthermore been demonstrated tha ^ 
moles of acetj 1 phosphate can be condensed to form acctoacetatc 
relation these facts ha\c to the biosynthesis of fattj acid is not jet es ^ 
hshed since labeled acetoacetic acid is not incorporated into fatty a 
rat In er preparations although labeled cholesterol is formed 

The role of tw o-carbon fragments in intermcdiarj metabolism > s u q 
active investigation and reference should be made to Chapter 33 an 
the current literature (see Bibliographj , p 1293) Much of the w ork in ^ 
field is based on tn vitro studies of microorganisms, tissue slices, an 
tracts thereof, and its significance for the living animal awaits fu 
study , lc 

The bound forms of pantothemc acid m natural materials are av ai 
to higher ammals but not to microorganisms For the latter, it must ^ 
be released bj suitable hydrolytic procedures Certain sj nthetic forms 
bound pantothenate have been investigated Ethjl monoacetj lp an 
thenate is active for the rat and chick, and ethjl pantothenate for ^ 
rat However, neither of these forms shows activitj for microorgaois 
unless thej are previouslj hjdroljzed bj procedures similar to 
emplojcd for the release of bound pantothenate in natural materia s ^ 
Certain structurally related compounds behave as antivitamins 
ward pantothenic acid Pantoj ltaunne (the sulfonic analog), P an 


1,1 Ochoa Stern and Schneider J Bv>l Chtrn 1*3 691 (19ol) 

* * Ochoa and ‘'tern Ann Pen Biochtm 21 M7 (1952) 

1 ' Darker in / hotphorut MeioMum Baltimore Johns Hopkins Unit ers ty Fre>ss 
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tauraminc, and homopantoy ltaunne inhibit the growth of bacteria which 
require an external source of the vitamin Ihese antiutamins probably 
operate by competing in some enzyme systems One obseiver has found 
that 4lie administration of pantoy ltaurine to mice produces symptoms 
similar to those of pantothenic acid deficient} This observation coufd 
not be confirmed by other investigators Tor a further discussion of nuti- 
vitamins, see Chapter 30 

Possibly because of intestinal synthesis, pantothenic acid deficiency has 
not been observed in man and hence its importance in human nutrition 
has not been clarified The daily requirement, as estimated from the 
analysis of good diets and from unnary excretion data is approximately 
5—10 mg per 2500 calories Pantothenic acid is present m normal human 
blood or plasma to the extent of 20 to 40 /jg per 100 ml 

The physiological effect of pantothenic acid is highly specific for that 
molecule Replacement of the p alanine portion with a alanine, or with 
other amino acids having structures similar to p alanine, produces inac- 
tive compounds The optical antipode of the natural L-isomer is also 
inactive The (S-alamne portion alone is sufficient for some yeasts and 
diphtheria bacilli, and is partly available for rats, but not for chicks 
These organisms probably utilize the & alanine for the sy nthesis of panto 
theme acid Certain hemolytic bacteria require only the dihydroxydt- 
methylbutyryl portion of the molecule Hydroxy pantothenic acid has a 
biological activity varynng from 2 to 25 per cent of that of pantothenic 
acid, depending upon the orgamsm employed and the conditions of assay 
Storage and Synthesis of Pantothenic Acid. Pantothenic acid from 
external sources is not required by sheep and cattle, since the vitamin 
is synthesized by microorganisms m the rumen of these animals It may 
be synthesized by certain molds, bactena, and yeast, when grown m 
media dev oid of pantothemc acid Some \ easts require an external supply 
of p alanine Pantothenic acid is produced by green plants after they have 
developed sufficiently to perform their photosynthetic functions 

Distribution of Pantothenic Acid. Pantothemc acid is present in 
all living tissues Excellent sources are liver, kidney , nee bran, molasses, 
egg yolk, peanuts, and peas Appreciable concentrations are also found m 
sweet potatoes, oats wheat, rye, barley, and broccoli Pantothenic acid 
occurs in natural materials both free and combined, though a major 
fraction of the vitamin in animal sources is bound While it has not been 
definitely established that all forms of conjugated pantothemc acid re- 
leased by an enzymatic digestion procedure are equally available for 
animal species, rat-growth studies indicate this to he so for cocnzyme A 
and L bulgancus factor In certain foods or extracts (liver powder, yeast, 
wheat-bran and nce-bran extracts) where rat assays were reported to be 
considerably higher than microbiological assays, the discrepancies may 
have been due to unidentified dietary factors or incomplete enzymatic 
release of pantothenic acid pnor to microbiological assav 
Chemistry of Pantothenic Acid. Pantothemc acid 
dihy drox>-j8,i8,-dimcthylbut\ry])T8 alanine) is a condensation product of 
0-alamne and a hydroxyl and mctliy 1 substituted butync acid It ir - 
pale y ellow , unstable v iscous oil 
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The natural or vitamm-act.ve fonn oj ^‘“‘^gyXuc^wtothS 
rotatory isomer, specific rotation (a] D + > gaits, in either 


Favtothemc Acid Costtst or Food* 
(After Jseilasds anp Strong ) 


Food 


Alfalfa 
Beef, dried 
Egg fresh 
Liver powder 
Mackerel 
Salmon 
Sardines 
Spinach 
Tuna 

Wheat germ meal 
*N«l»n4. uidSD » «7 (IMr) Bird m 

after d gestion with liver enzyme and pho-pliatase 


Pantothenic And 
mg per 100 g 
C 2 
5 0 
5 5 
19 3 

1 4 

2 6 

1 5 

2 7 

1 4 

2 9 


after d gestion with liver enzyme ana pno-pnai^ 

It 17 claimed to be more stable than the acid at pH below 0 
acid is adsorbed by “tiont” at pH 8 5 or by aluminum ■>™ e l’ r _ be 
activated with hydrochloric acid but not by fuller^ earth p an tO' 
eluted from “Nont” with ammonia or pyndme and methan ° , ace tjc 
theme acid is soluble in water, ethyl acetate, dioxane, and giaci 


HOCH, 


CH« OH O 

-CH — C— A H — CH % — CHz COOH 


CH* 

Pantothenic add 


acid, and is “lightly soluble in ether and amyl alcohol, and ^ 


chloroform and benzene It is unstable to heat in the dry state or 1,1 jg 
i 5 to 7 it may be autoclaved a 


alkaline medium In the pH range 5 to 7 it may 1 
pounds pressure for one-half hour without loss lactone 

The butyrolactone moiety of pantothenic acid is known as pan ° j 
and the corresponding acid is pantoic acid, HOCH*C(CH*)* ^ 
COOH A naturally occurring growth factor for certain microorg to , 
(Ladobaallug bulgans factor or LBF) has been identified as a P" 10 * ^ ein e 
ethv lam me dem ativ e of pantothemc acid and given the name pan 

The corresponding disulfide, pantethme, exists presumably ,n ^3 
num with the reduced form The following diagram illustrates ^ l0 
tionship between these compounds in terms of the various x»oi 
the molecule of acetyl coenzyme A. 
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Pantoic 
Acid 

0-Alanme 

Acetyl Coenzyme A 

DETERMINATION OF PANTOTHENIC ACID 
No satisfactory chemical method is available for the determination of 
pantothenic acid in natural products, although several procedures have 
been described for pharmaceutical preparations One 217 is based on the 
h> drolj tic release of the 0 alanine moiety, follow ed by colorimetric 
estimation as the alkaline 2,4-dimtropheny lhydrazone Interfering 
B vitamins may be removed chromatographically, but ascorbic acid still 
presents a problem 

Another procedure* * **•18 is based on a reaction between the panto} 1 
lactone moiety and hy droxylamme in alkaline solution and the develop 
ment of a purple color upon acidification and addition of feme chloride 
In contrast to the previous method this may be applied to the estimation 
of pantothenyl alcohol, know n commercially as “Panthenol ’ However in 
terfcrence due to ascorbic acid, pantoic acid, and the lactone must be elum 
nated by adsorption on a basic resin AE-75 * 19 
Determination of Pantothenic Acid (Microbiological). The 
absolute requirement of a number of microorganisms for free pantothenic 
acid was pnmanly responsible for the original discovery of this vitamin 
Many determinations of the pantothemc acid content of natural materials 
have been published By far the majority of these have been micro 
biological procedures although a considerable amount of work has also 
been reported based on the use of chicks, 2 * 0 rats, and other species as 
test animals The repeated observation that ammal assays in general 
gav e higher v alues than the microbial tests, together with sev eral early 
reports on the release of additional increments of pantothenic acid 
activity by autoly sis of tissues or treatment with specific enzj me prepara 
tions, led to the recognition of ‘‘bound forms” of the vitamin which oc 
curred in many natural materials However, the release of activity from 
these hypothetical conjugates was neither striking nor consistent 

The discovery that coenzyme A was in reality a pantothenate-contain 
mg prosthetic group of enzymes responsible for transacety lation m living 
cells proved to be the key to the problem of bound or conjugated forms 
of the vitamin which had been shown to be unavailable to microorganisms 
such as L arabino&us A specially prepared enzyme obtained from pigeon 
or chicken liver was found capable of inactivating coenzyme A with the 


* tT S*alkovraki Mader and Frediam Anal Chem 22 369 (1950) 

* * W ollish and Sehmall Anal Chem 22 1033 (1950) 

*’* Gjorgj Hub n and de R tter jn 1 itamin Methods V ol 2 New kork Academic Press 
Inc 1951 T1 is res n is a\n lable at Res nous Products D % n Rol m and lions Co 
miadelpl a 5 Pa 

**• Jukes J Biol Chem. 117 11 (1937) J Ailnlion 21 193(194!) 


Pantothenic) 

Acid 

+ i 
0 Mereapto- 
ethylamine' 


Pantetheine + Py rophosphate + Adenosine 
(LBT) 2' or 3' phosphate 
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concurrent liberation of free pantothenate At th »»»«“' 
phosphatase from intestine was shorn, to split CoA 

with the liberation of phosphate intestinal phosphatase 

By combining in a single treatment both an s [ r0 „ 6 >" 

and the CoA-splitting cnijme from pigeon liv e , e l four times the 
show ed that tome natural materials contained an direct 

amount of pantothenate which could be dc "^ latasc, were rela 
assay They also showed that other nonspeerfe phosp hat, „ 0 rh, it ■= 
tively ineffective in liberating the : vitamin 0n th “ b latod 0 n the dis 
evident that a large part of the data P rc ' '°' ls y or an j nce ds rein 

tnbution of pantothenate in foods and tissues is table, P 

vcstigation Some of the new values reported are given in 

1190 

Determination of Pantothenic Add Modified ™t rf * 

Skecg, and Wright •» l*antothemc acid ,s dctoimned by m , act , c „e><! 

grow th Btimulvtion o! Loclobacllm ardbimm, 1, 5 l.y tl ™“ . imJvl hW»» 
formed or by tort .<1, metric determination ot the cell population The lmun ^ 
first liberated by digestion n ith alkaline phosphatase and chicken > 

Procedure Preparation of liter enzyme ”* Liver frmri freshly kl'h^ c0 | £ | 
or pigeon Is chilled, minced, and homogenised will. 21 T* , „„<1 

acton, in a Waring blendor The acetone Insoluble material » <lr Tht 
washed with acetone and ether and dried quickly in a curr en » ]t 

resulting liver powder”* may be preserved in small, well ” a ‘' d der „ mbbed 
refrigeration tor a considerable period For use, the acetone P , ld o 02 '* 
In a chilled mortar to a smooth paste with 10 times its weigh ^ c for 

sodium bicarbonate solution The suspension is centrifuged De pre 

30 minutes at 3,000 r p m , and the reddish brown supernatan Q 

served by freezing and holding below -20° C d . sa dvantag e 

This solution possesses good activity on coenzyme A but has me its 

of containing considerable amounts of pantothenic acid in a ir pro b 

use in the assay of materials of low pantothenate content presen 1 stan tiaUy 
lem of an excessive blank The amount of free vitamin may be s JS , f 

reduced by treatment of the solution with an anion exchange res 
following procedure is recommended - IC 1 a nd 

Prepare the resin for use by washing twice with 10 volumes oi wJtJl {0 
centrifuging The acid treated resin is then washed 8 to 10 tim ^ {n a 
volumes of water until the pH of the wash is about 5 The resin f. al p ipet 
slurry of a consistency which can be pipetted with a 10 ml serolog tby |) 
To 1 volume of resin slurry is added a few drops of M trls (hydroxy co td 
aminomethane buffer, pH 8 3, to bring the pH to 8 O.and 1 volume ” n0te9 in 
liver enzyme solution is added and the suspension stirred for 3 to 5 go iu 

an Ice bath The suspension is centrifuged at 5 000 r p m The enzy 

** l l4pmann Kaplan Npvelh Tuttle and Guirard J Biol Chem * 67 ’ 

Novelll Hal J Biol Chem 177 97 (1949) 192 181 (1951) 

**2 Ne lands and Strong Arch Biochem 19 287 (1948) adop* fd 

*•’ SVeggs and W right J Biol Chem 15b 21 (1944) A similar method bas « ij( , %i 
liy the Association of Official Agricultural Chemists J At toe Official AS r 
*03 (1952) 

*** Novelll and Schmeti J Bui Chem 192 181 (1951) Chicago W 

n* Tho prepared acetone powder maj he obtained from Armour and Co \(ich'g sn 
2»* Dowex 1 200—100 mesh obtainable from the Dow Chemical Co Midi an 
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tion is again treated with another volume of anion resin slurry and centri- 
fuged. This process usually reduces the free pantothenate content of the 
solution to less than one-tenth its original value. Preserve the preparation 
at —20° C. until ready for use. 

Preparation of Intestinal Phosphatase. This preparation can be obtained 
b> following the procedure of Schmidt and Thannhauser” 7 but is more con- 
veniently obtainable from commercial sources.”* A 2 per cent solution of this 
material usually contains about 100 Schmidt-Thannhauser units per ml. 
and is quite low in free pantothenic acid activity. 

Liberation of Bound Pantothenate. To a sample containing 5 to 15 jig. 
bound pantothenate are added 0.1 ml. intestinal phosphatase, 0.2 ml. liver 
enzyme, 0.1 ml. M tris(hjdroiyraethy!)amlnomethane buffer, pH 8.3, and 
the whole is made to a total volume of 1 ml. Suitable blank and control tubes 
should also be set up to allow a correction for any free pantothenate activitj 
in the enzjme preparations. The tubes are incubated at 37° C. for 3 hours 
and then immersed in a boiling water bath to stop enzyme reactions. The 
samples are then diluted to bring them into the range of the usual standard 
curve employed in the pantothenic acid assay of Skeggs and Wright described 
below. 

Preparation of Medium. Prepare the basal medium having the composition 
shown in the table below. Five liters may be prepared as a stock solution at 
one time provided the glucose and synthetic vitamins are omitted. This 
solution keeps indefinitely at room temperature under benzene even without 
sterilization. Prepare a stock vitamin solution containing 4 mg. each of thia- 
mine, riboflavin, and niacin, 8 mg. pyridoxine hydrochloride, 0.4 mg. p-amino- 
benzoic acid and 10 >xg. biotin per 100 ml. Store the vitamin supplement in a 
dark bottle in the refrigerator and renew monthly. Prepare a solution con- 
taining 100 /ig. per ml. of calcium pantothenate. 

Culture. Carry stab cultures 1 ” of Lactobacillus arabinosus 17-5 by monthly 
transfer in a medium containing 1 per cent yeast extract, 1 per cent glucose, 
and 1.5 per cent agar. After transfer, incubate the culture at 33° C. for 24 to 48 
hours, then store in the refrigerator. Prepare the inoculum for the assay 
tubes by transferring from the stock culture to a sterile tube containing 
10 ml. of the basal medium to which 0.2 pg. calcium pantothenate has been 
ldded. Incubate for 24 hours at 33° C., centrifuge, and discard the super- 
natant liquid. Resuspend the ceils in 10 ml. physiological saline, centri- 
fuge, and discard the supernatant. Resuspend the cells in sufficient physio- 
logical saline to produce a very light suspension. 

Array. Into a series of test tubes, plpet the following volumes: 0.00, 0.25, 
0.50, 0.75, 1.00, 1.25, 1.50, 1.75, and 5.00 ml. Similarly prepare a standard 
series of tubes from a dilution of the standard solution of calcium panto- 
thenate containing 0.1 pg. per ml. Dilute the aliquots m both the standard 
and unknown series with distilled water so that each tube contains a total 
volume of 5 ml. To each tube add 5 ml. of the double strength medium, cover 
with cotton plugs or metal caps and heat In an autoclave at 15 pounds pres- 


Schmidt and Thannhauser J. Bio! Chem , 149, 3C9 (1043) 
t!1 Intestinal Phosphatase (Calf), Armour and Company, Chicago, 111 
in A culture of the organism mav be obtained from the American Tj pe Culture Collec- 
tion, 2029 M Street, N W , Washington 6, D C , under the classification number 8014 
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jU rc (or 15 minutes Add to each tube ascptfcally one drop of the inoculu 
prepared as described above Incubate at 33* C for 72 hours and determine 
the lactic acid produced by titration with 0 1 N sodium h> droxlde, employing 
bromothymol blue as the Indicator 


Basal Mfdilm 


Ingredient 

1 er 100 ml 
1/rdium 
{Double 
Strength) 

Ingrehent 

Per 100 ml 

Medium 

(Double 

Strength) 

Casein** 8 

1 Og 

Inorganic salts B (see p 

1 omh 

Cy stine 

20 Omg 

1IG0) 

Tryptophan 

20 0 

Glucose 1 


Oleic acid 

10 0 

Thiamine chlonile ' 


Sodium acetate (anhydrous) 

l 2 g 

Jhboflawn 

200 

Adenine 

1 0 mg 

Nicotinic acid 

200 ‘ 

Guanine 

1 0 

Pyridoxine hydrochloride 

400 

Uracil 

1 0 

p-Ammohenzoic and 


Xanthine 

1 0 

Biotin 

0 5 ‘ 

Inorganic Balts A (see p 
1100) 

I 0 ml 

pH adjusted to G G-G 8 




Equally satisfactory results may be obtained by measurement of t e 
population of the microorganisms turbid! metrically after 18 hours of 
bation at 33® C A photoelectric colorimeter Is employed for this purpose T n 
Instrument is set at 100 per cent transralttancy with the solution from 
assay tube containing no added pantothenic acid 


Calculation Prepare a standard reference curve, employing the data obtained & 
the standard senes by plotting on ordinary graph paper, M g of calcium pantotbenat* 
as the abscissae and ml of 0 l \ sodium hydroxide, or photometric density, a 3 
ordinates From this reference curve estimate the calcium pantothenate content o 
each tube in the unknown senes Divide this value by the volume of the cxtr*e 
originally placed in each tube in order to obtain the concentration per ml of extrac 
Determine the average of at least four values which differ from each other by no m° re 
than JO per cent Calculate the pantothenic acid content of sample using the fonn 


C 


X 0 92 = ng pantothenic acid per g of sample 


where C is the concentration of calcium pantothenate per mL of extract D w 
volume to which the extract was diluted G is the weight of the sample tslen ® 
analysis and 0 92 is the factor for converting calcium pantothenate to pantotbe 11 


Comment. The microbiological determination of pantothenic 
m these enzymic digests employing Lactobacillus arabtnosus 17 5 g 1 ' 
values which are in agreement with microbiological procedures employs 
other mi croorganisms as well as with the biological chick assay 


hydrolysed Nont treated vitamin free casein is etnp'^ 
Ge^ralB l° f r* B1 ^ ydroly ^ ilte * aitaWe thw medium ma> be obtain^ h 

uenrrai li oe| em.eals ine Chagrin Falls Ohio 
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PTEROYLGLUTAMIC ACID (FOLIC ACID) 

In earlj 1 m estigations, this vitamin was described under various 
names including vitamin M, factor U, jeast Nont eluate factor, vitamin 
B c , and L casci factor The multiplicity of the nomenclature was oc- 
casioned b> the fact that vanous conjugates of pterojlglutamic acid exist 
in natural materials These conjugates v ary m their phj sical and chemical 
properties, and in their biological potencies 

Physiological and Clinical Aspects of Pteroylglutamic Acid. 
This vitamin is a growth factor for various bactena Its deficiency in 
chicks leads to slow growth, poor feathering, and macrocj tic anemia In 
rats a deficiency of pteroylglutamic acid maj be produced by adding 
sulfonamides to purified diets Anemia, leukopenia and agranulocytosis 
are produced and maj be cured bj administering pterojlglutamic acid 
Monkeys on a purified diet develop a syndrome characterized bj leu- 
kopenia, anemia, necrosis of the gums, loss of appetite, diarrhea, and 
eventual death The syndrome responds either to pteroylglutamic acid 
or to pteroj ltnglutamic acid or to citrovorum factor 

Pteroylglutamic acid produces a clinical response in the megaloblastic 
anemias It is used in the treatment of sprue, nutritional megaloblastic 
anemia, and the megaloblastic anemias of pregnane} and infancy The 
blood picture in these diseases is marked by a low erythrocyte count, 
reduced hemoglobin, high color and volume indices of the erythrocytes, 
and lowered leukocytic and platelet counts Accompanying this is 
“megaloblastic arrest" in the bone marrow so that an increase of nu- 
cleated red cells, including more than 2 per cent megaloblasts, is seen in 
films prepared from fluid aspirated from sternal bone marrow Pernicious 
anemia is included in the megaloblastic group, but the disease is accom- 
panied by neurological changes which respond only to vitamin Bi 2 In 
sprue, the administration of pterojlglutamic acid either parentally or 
ornllj results first in the disappearance of the sjmptoms of glossitis A 
reticulocyte peak is commonlj reached in six to mne days Increases occur 
in erythrocyte count, per cent hemoglobin, white cell count, and number 
of platelets in a manner similar to that described above for pernicious 
anemia There is an imprm ement m the sense of well being an increase m 
appetite, a subsidence of diarrhea, and a gam m body w eight The bone 
marrow picture shows a disappearance of the more primitive red blood 
cells and a return of the differential white cell count to normal proportions 

Nutritional anemia and the macrocytic anemias of pregnancy and in- 
fancy show hemopoietic responses similar to those described for pernicious 
anemia and sprue 

Pteroj lglutamic acid appears to be specific in the treatment of the 
megaloblastic anemia of pregnancj Typical findings were described in a 
case bj Daj and co-workers,* 11 and are illustrated m Tig 2S0 The 
patient, a parturient w oman, had a hemoglobin of 6 5 g per cent and a red 
cell count of ] 7 million The administration of liver extract and vitamin 
Bj. did not relieve the anemia and appeared to aggravate the associated 
symptoms which included glossitis and diarrhea The changes following 


1,1 Eay Hall and Pease Proc Staff Wettings Vfoj/o Clinic 24 119 (1010) 



11 % 

recession of edema, and * a PP™‘ ‘ t( . m normal The mere used 
including return of the hemopoi , J, prc „„ anc y ,s also manifested in 
dietary need for pterojWuta^e audmjr ^ ^ ^ Ju0 to a 

“lactation kukoperoa ‘ „hirh suffice for maintenance 

rrrr^rtt B “ma.,d «»~d >.> **-»« 


I’uactu ai 1'insimoeic'i CinmsTar 


Chip *15 



Vlnan ind Etsim J A utriium 38 11 (1919) 
Bennett Science 110 589 (1919) 
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materials, often as polyglutamic acid conjugates Good dietary sources 
include green lea\es, asparagus, liver, y east, cowpeas, and soybeans The 
distribution of “folic acid actmty” in foods lias been exhaustn el y stud- 
ied by microbiological and chick assays ” 3i The name “folic acid” was 
originally defined in terms of a factor in spinach showing biological activ- 
ity for Streptococcus fecahs This factor was probably a mixture of pteroyl- 
glutamic acid and “citro\orum factor” wluch are interchangeable with 
respect to their biological activity for 5 fecalts and are both present in 
spinach and many other natural materials 

The Folic Acid Activity of Foods (Uvdried) 

Expressed in Terms of Pteroylgltttvmic Acid* 


Food 

Mg per Kg 

Food 

Mg per Kg 

\pples 

0 01 

Greens various t3pes 

0 2 11 

Asparagus 

0 9-14 

Lamb, leg 

0 03 

Barley 

0 40 

Lamb liter 

2 S 

Beans, dried 

1-2 

Lettuce head 

0 03-0 11 

‘ green 

0 1-04 

Milk 

0 06 

1 Inna 

0 1 -0 G 

Oats 

0 24 

Beef kidney 

0 G 

Oranges 

0 05 

" li\ cr 

2 8-31 

Peas 

0 1-04 

“ round 

0 06-0 17 

Pork In er 

2 2 

Brewer’s dried j east 

20 

“ loin 

0 03 

Broccoli 

0 2-15 

Potatoes 

0 02-0 19 

Cabbage 

0 1-07 

Raisins 

0 01 

Cheese, cheddar 

0 2-03 

Rice, brow n 

0 1-03 

“ cottage 

0 2-03 

S03 beans 

14-27 

Chicken liver 

3 8 

Squash 

0 02-0 24 

“ meat 

0 03 

Strawberries 

0 05 

Corn 

0 23 

Sweet potatoes 

0 05-0 19 

Cowpeas 

3 3-48 

Tomatoes 

0 01-0 16 

Egg white 

0 004 

Turke3 meat 

0 1 

“ 3 oik 

0 13 

Turnips 

0 04 


"Wheat 0 3-04 


* Condensed from Agricultural Handbook A o S9 US Dept of Agriculture 

Chemistry of Pteroylglutamic Acid. The structure and synthesis of 
pteroylglutamic acid were described m 1946 * ,s The molecule consists of a 
ptendy 1 group connected in methylene linkage through p-aminobenzoio 
acid to n(-{-)glutamic acid and the structural formula is as follows* 


COOH 

c!sh, n x 

i S \ / % 

CH, HC C C-NH, 

HOOC— CH— XH- C0< ^ ^ >NH— CH--C C \ 


Pteros IglutamJc acid 


v/ \ * 

N C— OH 


ilf Fohc Acid Content of Foods {Agricultural Handbook 4 o Sff) Washington D. XU 
U S Government Printing Office September 1951 r 

Angler rf al , Science 102. 227 (1945), 10J C67 (194G) , < 
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ip ptenchl group is chemically related to xanthopterin a jelloir pig- 
“t ‘“hiclY « prient in certain natural materials including unne and 

e wines of butterflies , , 

rteroyMutamic acid is a substance of Ion toxieitj as measured bj 
oncological tests mth mice, rats, guinea pigs, rabbits, cats, and dogs The 
D„ for mice and rats is about Dug per Kg body ueight ulicn injected 

' Apron'd form of vitamin, “fermentation caset factor,” isolated from 
n aerobic fermentation of an organism of the genus Coryncbaclmum, 



Fig 281 Synthetic Pterotlglctamic Acid Chtbtals, Viewed ntEOVGn 
Crossed Polarizers 

FbelognifilKd by Dr A. F Kirkpatrick Stamford Laboratories, American Cyanamid Co Courtesy 
Dr T II. Jukee. 

has been identified as pteroj Idi^y-glutamy lglutami c acid Upon partial 
degradation with alkali, it yields DD-pteroy Iglutamic acid “Fermentation 
L caset factor” is relatively inactive as a growth factor for S fecahs R by 
comparison with pteroj Iglutamic acid However, on a molar basts, it ap- 
pears to be just as active as pteroylglutamic acid for L caset, for chicks, 

for rats, and for monkeys When the p-ammobenzoyl-glutamic-aeid 

radical in the pteroylglutamic acid molecule is replaced by p-amino- 
benzoic acid, the resultant substance is termed “pteroic acid ” This sub- 
stance is actu e for .S fecahs R but not for L caset or for animals 

Other members of the pteroj Iglutamic acid family of vitamins are 
pteroj Ihexa-^y-glutamy Iglutamic acid (previously’ known as the vitamin 
B. conjugate), N-formj 1 pteroic acid (rbizoptenn or S lactis R factor) 
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which is inactive for animals, and folmic acid (citrovorum factor, or 
leucovonn), discussed in the next section The differences in biological 
potency among the \ anous natural forms of pteroyl glutamic acid raises a 
question concerning the significance of microbiological assays in which 
the preliminary digestion procedures liberate maximum amounts of the 
parent compound 

Pteroy Iglutamic acid is a yellow, tasteless substance which is only 
slightly soluble in water, about 0 01 mg per ml dissolves at room tem- 
perature It is destroyed rapidly by boiling with dilute hydrochloric acid 
Its sodium salt is fairly soluble Light has a destructive action on the solu- 
tion Pteroylglutamic acid has an absorption spectrum w-hich shows 
characteristic maxima in the ultraviolet range 238 The substance crystal- 
lizes from water m the form of thin lenticular crystals (Fig 281) which 
exhibit birefringence and parallel extinction 

DETERMINATION OF PTEROYLGLUTAMIC ACID 

bftcrobtologtcal Assay *” The assay is carried out with cither Lactobacillus casei 
(ATCC #7469) or Streptococcus fecahs (ATCC #8043) 

Pteroylglutamic Acid Standard Solution v 

(a) Preparation Vi ash 20 mg of pteroylglutamic acid with water into a 100-ml 
volumetric flash Add 2 ml 0 1 >* IsaOH Shake until material is in solution Add 5 ml 
of 1 0 M sodium phosphate buffer, pH 7 0, and 25 ml absolute ethanol and make up to 
100 ml with water 


Basal Medium for Assay of PterOylglutoiic Acid with Lactobacillus caset u * 


Constituent 

Amount per 500 
! ml double 
strength medium 

Constituent 

Amount per 500 
, ml double- 
strength medium 


g 


mg 

Acid hjdrolyzed casein 

5 0 

Adenine sulfate 

5 0 

Sodium acetate 

20 0 

Guanine hydrochloride 

5 0 

Glucose 

20 0 

Uracil 

5 0 

Asparagine 

0 30 

“Xanthine 

10 0 

Tryptophan 

0 10 

Glutathione 

2 5 

Cysteine 

0 25 

Tina m in e hy d roch 1 on d e 

0 2 

Tween 80 (*"*) 

0 05 

Riboflavin 

0 5 

KsHPOi 

0 50 

Calcium pantothenate 

0 4 

KH,PO t 

0 50 

Nicotinic acid 

0 4 

MgSO« 7H O 

0 20 

Pyndoxme hvdrochlor 


NaCl 

0 01 

ide 

2 0 

FeSO« 7H O 

0 01 

p-Aminobenzoic acid 

0 5 

MnSO« HtO 

0 10 

Biotin 

0 01- 


Glucose cjsteine and glutathione are added as solids Other ingredients are added in the 
form of solutions Combine ingredients adjust to pH 6 S and make up to 500 ml with water 


»• Stokstad J Biol Chetn 149 573 (1943) 

S,T rij nn Wiliams O Dell and Hogan Anal Chem 23 180 (1951) 

3J * Tor assa> with Streptococci i fecahs om t sodium acetate and KITtPO< Add 27 5 g 
sodium citrate (dihj drate) and change amount of KjHPOi to3 lOg 
Obtained from Atlas Powder Companj Wilmington Del 
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(b) Dilutions Dilute to 0 001 mS per ml for assay with L casei; to 0 005 mS P cr 
ml for assay with S fecalis 

(c) Assay Let els of Diluted Standard Solutions 0 1, 0 2, 0 4, 0 6, 0 8, 10, 1 5, 2 0, 
30,50ml forL casei, 01,02, 04,06, 08, 10, 15,20, 30ml for 5 fecalis 

The preparation of the various constituents of the medium is as follows* 

Vitamin-free, Acid-hydrolyzed Casein *‘® Labco “vitamin-free" casein (300 g ) 
is refluxed at least 12 hours with 3 liters 20 per cent HC1 It is evaporated under 
\ acuum to a thick syrup, then diluted to 3 liters w ith distilled water This concentra- 
tion procedure is repeated twice The final concentrate is diluted to 1 liter The pH is 
adjusted to 2 5 with KOH The mixture is stirred with 30 g acti\ ated carbon (Dareo 
G 60) for 15 minutes, then filtered with the aid of “ Filter-cel ” The pH is adjusted to 
6 8 with KOI! after the volume of solution is brought to 3 liters, and the charcoal 
treatment and filtration are repeated One ml of the solution contains the equiv alent 
of 100 mg original casein 

Adenine and Guanine These are dissolved together m a small amount of 1 0 
N HCl with heat and diluted to 1 mg per ml 

Xanthine and Uracil. These are dissolved in dilute NII«OH and diluted to 1 mg 
per ml 

Tryptophan Dissolve in a small amount of 1 0 N HCl and dilute to 10 mg per ml 
Asparagine One g asparagine is dissolved in 100 ml water 

Vitamini Four mg thiamine hydrochloride, 10 mg riboflavin, 8 mg calcium 
pantothenate, 8 mg nicotinic acid, 40 mg pyndoxine hydrochloride, 10 mg p-amino- 
bcnzoic and, an d 200 fig biotin are dissolved m 100 ml distilled water and store d in 
the cold room under toluene One mL of this solution is added per 100 ml double- 



Chap 35 


Vitamins and Deficiency Diseases 


1201 


bidimeter or after 72 hours’ Incubation by titration of the acid formed with 
0.1 N NaOH. The growth response with L. casci may be determined turbidi- 
mctrically after 40 hours’ incubation, or after 72 hours’ incubation by titra- 
tion of the acid formed with 0.1 N NaOH. From these data a curve can be 
plotted relating growth to pteroylglutamic acid concentration, and from this 
response curve the potency of the unknown samples can be calculated. 

CITROVORUM FACTOR (CF) 

The occurrence of a growth factor for Lcuconostoc ciirovorum S0S1 in 
certain natural materials including liver extract and yeast was reported 
in 1918 212 The organism was shown to respond either to thymidine or to 
an unidentified “citrovorum factor” which was related to pteroylglutamic 
acid as indicated by the fact that a 
delayed and submaximal response 
was produced in the organism by 
massive doses of pteroylglutamic 
acid. It was shown that natural 
materials containing CF would re- 
verse the inhibitory effect of 4- 
aminopteroylglutnmic acid (amin- 
opterin) for Lcuconostoc citrovorum 
and that the administration of 
large doses of pteroylglutamic acid 
to animals produced many-fold in- 
creases in urinary CF. The factor 
was eventually synthesized by the 
formylation and reduction of pter- 
oylglutamic acid 
Chemistry of Citrovorum 
Factor (Leucovorin, Folinic 
Acid). It was shown that 5-formyl-5, 6, 7, 8-tctrahydropteroylglutamic 
acid had the biological properties of the naturally occurring CF. The 
compound was synthesized from pteroylglutamic acid by hydrogenation 
in formic acid, alkaline treatment, and isolation of the active material 243 
A photomicrograph of crystals of the calcium salt of leucovorin is show n 
in Fig 282 

Leucovorin produces responses in the megaloblastic anemias similar to 
those obtained with pteroylglutamic acid. It blocks the toxic effects of 
4-ami nop te royl glu t ami c acid and other “folic acid antagonists.” 

DETERMINATION OF CITROVORUM FACTOR 
Microbiological Assay. The microbiological assay for the citrovorum factor is 
carried out with Lcuconostoc citroiorum (ATCC #8081) following the procedures pro- 
posed bj Sauberhch 1,1 

Citrovorum Factor (Leucovorin, Folinic Acid) Standard Solution 

(a) Preparahon A water solution containing 100 #ig DL-5-formjl-5, G, 7, 8-tetra- 


* 41 Saubcflich and Baumann J. Biol Chem , 176, 105 (194S). 

,H Fljnn, ct a! J. Am Chem Soc , 73, 1979 (1951), Roth, ct at ‘ J. Am Chem Soc , 
74, 3247 (1952) 

544 Sauberhch and Baumann: J. Biol. Chem , 176, 165 (194S) , Sauberhch: J. Biol. Chem , 
181, 467 (1949) 



Combine ingredients adjust to pH 6 8 and make up to 500 ml with water 
The preparation of the various constituents of the medium is as follow a 

Vitamin-free, Acid-htdrolyzed Casein 1,5 Labco “vitamin free” casein (300 g ) 
is refluxed at least 12 hours with 3 liters 20 per cent 1IC1 It is evaporated under 
vacuum to a thick syrup, then diluted to 3 liters with distilled water This concentra 
tion procedure is repeated twice The final concentrate is diluted to 1 liter The pH 13 
adjusted to 2 5 With KOH The mixture is stirred w ith 30 g of activated carbon 
(Darco G 60) for 15 minutes, then filtered with the aid of “Filter-cel ” The pH w 
adjusted to 6 8 with KOII after the volume of solution is brought to 3 liters, and the 
charcoal treatment and filtration are repeated One ml of the solution contains the 
equivalent of 100 mg of original casein 

Adenine and Gvamnb These are dissolved together m a small amount of 1 0 N 
IIC1 with heat and diluted to 1 mg per ml 

Xanthine and Uracil These are dissolved m dilute NH«OH and diluted to 1 mg 
per ml 

Tryptophan Dissolve in a small amount of 1 0 Is HC1 and dilute to 10 rog P er 
ml 

Asparagine Oneg of asparagine is dissolved in 100 ml of water 
Vitamins Ten mg thiamine hydrochloride, 20 mg pyndoxme hydrochloride, 6 mg 
pynd ox amine hydrochloride, 6 mg pyndoxal, 10 mg calcium pantothenate, 10 mg 
riboflavin, 20 mg nicotinic acid and 0 02 mg biotin are dissolved in 100 ml distilled 
water and stored in the cold room under toluene One ml of this solution is added per 
100 ml of double-strength medium 


Kjtay McNutt and Snell 3 Bad 59, 727 (1950) 
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Preparation of sample solutions. Each sample for assay is blended with 150 
ml. 0 05 M phosphate bufler (pH 7.2) per g. of sample (dry basis). Capryllc 
alcohol Is added to present foaming, and the mixture is autoclaved 15 min- 
utes at 15 pounds It is then cooled and incubated with desiccated chicken 
pancreas (Difco) using 20 mg. dr> pancreas per g dry weight of sample under 
toluene for 24 hours at 37° C After incubation the samples are autoclaved 5 
minutes at 15 pounds, cooled, and filtered. The samples, together with the 
standard cltrovorum factor dilutions, are pipetted into 12 X 100 mm test 
tubes and brought to a volume of I ml. with water, 1 ml. double-strength 
basal medium Is added per tube. The tubes are capped with metal or glass 
caps and then are sterilized for 15 minutes at 15 pounds pressure After 
cooling to room temperature, the tubes are Inoculated as described below. 

Preparation of the Inoculum. An inoculum is prepared by growing the 
organism at 37° C. for 24 hours on the basal medium plus 10 mg Wilson’s 
liver fraction L ,M per tube. The cells are centrifuged, the supernatant liquid 
is discarded, and the cells are resuspended in 0 9 per cent saline One drop of 
this suspension is added to 10 ml. sterile 0 9 per cent saline, and one drop of 
this cell suspension is added per tube. The assay tubes are incubated at 
37° C for 20-24 hours The growth response is measured by recording the 
optical density of the cultures with the photoelectric turbidimeter From 
these data a curve can be plotted relating growth to cltrovorum factor, 
and from this response curve the potency of the unknown samples can be 
calculated 

BIOTIN 

A sinking example of how the isolation of an active principle m pure 
form can lead to coordination of a xast amount of seemingly unrelated 
observations may be seen m the story of biotin Kogl and Tonms 247 in 
1936 reported the isolation from egg yolk of a yeasfc-growth factor (bios 
II) in the form of its methjl ester They assigned the name biotin to the 
free acid Recognition by West and Wilson 248 of the probable identity of 
this factor with coenzyme R, a growth and respiratory stimulant for the 
legume nodule organism Rluzobium, was followed by the demonstration 
by Gy orgy, Melville, Burk, and du Vigneaud 249 of the identity of biotin 
with both coenzyme R and vitamin H The latter had been previously 
reported to protect against a form of dermatitis induced by feeding raw 
egg white The identification of biotm also illustrates the contribution to 
the advance m nutritional science made possible by the application of 
microbiological methods The structure of biotin was established by du 
Vigneaud and associates 

In terms of the minimum protective dosage, biotin is one of the most 
potent phy Biological substances known, less than 0 03 Mg per day being 
sufficient for the rat The role of biotin in nutrition is not clearly under- 
stood, but xanous investigations suggest that it may function as a 
coenzyme in certain enzymatic reactions associated with decarboxylation 
and carbon dioxide fixation The high concentration of biotm in embiy- 


1,8 Other crude fiver extracts maj be u«ed 
*** Kogl and Tonius Z physiol Chem 242 43 (1936) 
and XXdson Science 89 , 60S (1939) 

Gjorgj Mehille Burk and du V igneaud Science 91 -43 (1940) 
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has attracted considerable interest in the possible 


omc and tumor tissue 

Biotin ta been *»-*.*.» 
essential nutnent for tanous loner organism! (including J east m il . 
baetena and fungi) for the rat, chick, turkey , monkey , rabbit dog, a 
guinea pig and for man Deficiencies of tins vitamin ore difficult to 
produce evpenmcntally because it may be synthesized bj n °™ 

m higher animals Deficient! symptoms may be induced, ho "" cr ’ 
feeding materials nlnch cither combine mth the biotin to fon” 
absorbable completes (such as acidin of egg uhite, sec 1*») " 
feeding sulfa drugs v. Inch interfere tilth bacterial sj ntlicsis of tlio vitamin 

in the intestines f 

In 1927 Boas disco\ercd that the inclusion of large amounts ot r 
(but not of cooked) egg nhite in the diet of rats resulted in loss of hair, 

loss of Height, dermatitis and death It Has also found that certain looos 

could cure or pretent these symptoms Itatt egg ttlute contains a chs- 
ttnetive protein, later designated as avidin capable of combining stoictno- 
metncally with biotm, thus presenting its absorption from the digests 
tract or its utilization by yeast Symptoms of a biotin deficiency may 
induced even in man by feeding a sufficient amount of raw egg white 
Crystallized avidin (mol wt 70 000) has 15 000 times the biotin com- 
bining power of raw egg white Though the biotin avidin complex is no 
absorbed from the gastrointestinal tract, the compound is biologically 
active when administered parenterally , 

Biotin deficiency in animals is associated with the development o 
dermatitis, lo*s of fur disturbances of the nervous system, and death 
Biotin appears to be required for normal gestation and lactation in the 
rat and mou«e as well as for normal development of the chick embryo 
A marked increase in the biotin content of the blood of sexually immature 
chicks was observed following the administration of estrogen, sub«equen 
administration of progesterone caused no change m blood biotin but pro- 
duced a nse in the avidin content of the oviduct These observations 
suggest a role of avidin and biotin in reproduction The “spectacled ey e 
condition in rats (due to loss of hair around the ey es) may be associated 
with biotin deficiency In the chick the deficiency symptoms dermatitis 
and perosis are similar to those of pantothenic acid deficiency That 
vitamin interrelationships are involv ed in intestinal synthesis is illustrated 
by the observation that a pantothenic acid deficiency produced m rats 
on a diet containing succiny Isulfathiazole could be reliev ed by administer 
mg folic acid and biotin * so 

That biotin may play a part in the sy nthesis of oleic acid is suggested 
~by studies with certain lactobacilh Is * For example L arabtnosus can 
multiply in the absence of biotin provided oleate and aspartate are 
present Aspartic acid has a pronounced sparing action on the require- 
ment of microorganisms for biotin If just sufficient biotin is present to 


•VVr sl>t and Welch Science *7 -T>6 (1043) _ . 

Totter and llvehjem J DuJ Chem 112 531 (1018) Williams and Fieger J ow 
c n j, r ft,.™ 170 019 (I 94 ' 
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permit synthesis of oleic acid, aspartic acid can be replaced by oxalacetic 
acid. The microbial growth-stimulating effect of oleic acid is also mani- 
fested by certain detergents, eg, Tween 80 (the polyoxyethylene de- 
rivative of sorbitan oleatc). The significance of these observations in 
mammalian nutrition has not been established 
The protective effect of liver or yeast concentrates against butter 
yellow (dimethylaminoazoben7ene) hepatoma in rats has been found to 
be unrelated to their content of biotin. In fact pure biotin was reported 
to increase the incidence of tumors in susceptible mice 252 Egg white af- 
fords some protection against tumors in rats, but this is independent of 
the biotin-avidin relationship 253 Addition of biotin to a diet containing 
butter yellow', but otherwise protective against tumor development 
accelerated carcinogenesis; however, when the diet was conducive to 
tumor development, this efTcct was not observed 251 
Most microorganisms require biotin in the form of the free add 
though the methyl ester is biologically active for yeast and parfiaUv so 
for Lactobacillus casci The diaminocarboxyhc acid obtained from biotin 
by the h> drolysis of the urea portion of the molecule possesses 1 0 per cent 
of the activity of the original vitamin Oxidation to the sulfoxide does not 
affect the activity of biotin, whereas conversion to the sulfone cau£*-$ 
considerable inhibition of the growth stimulation of veast Parent* 
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milk It 18 also found m vegetables, grains nuts, feeds, pollens and 
molasses Biotin occurs naturally in combined forms, among which “ 
Tmplex isolated from yeast and designated 1 noejUn «• It « f -b'ot.nyb 
L-lysme Biocytin has the activity of biotin for L casa but not for i 
nrabuiosus Biotin exists in the free state in fruits and grasses, part. > 
bound in nuts, vegetables, and grains, and mostly m combined form m 
yeast and liver Tor assay with microorganisms it may he liberated by 
autolysis, acid hydrolysis, or enzymatic digestion 
Chemistry of Biotin. 

CO 
/ \ 

HN NH 

I ! 

IIC CH 

H,C CH CliiCIIjCHiCIIjCOOII 

Y 

fi Biotin (CiiIIuOaNiS) 

cfa-He*ahydro-2 oxo-l-H-thieno(3,4)imldazole-4-valeric acid 


The structural formula shown is that of 0 biotin, isolated from liver or 
milk a-Biotin, from egg yolk, differs only in respect to the side chain 
which, instead of n-valeric acid, is — CH CH(CHj) 2 

COOH 

The biotins are crystalline compounds soluble in water and alcohol and 
insoluble m chloroform, ether, and petroleum ether The a- and / 3 -biotms 
melt at 220° and 231° C , respectively They have specific rotations 
(«]“* of +51° and +91°, respectively, and an isoelectric point at pH 
3-3 5 Biotin has an ultraviolet absorption maximum at 234 mu with a 
specific extinction coefficient of 42 5 It has a molecular weight of 244 3 
The stability of biotin tow ard heat in the presence of acid or alkali has 
not yet been established It has been reported that biotin in natural 
materials resists autoclaving with strong mineral acids (4-G N HCl for two 
hours at 120° C ), a procedure used for the liberation of the vitamin in 
natural materials for microbiological assay Some authors, however, 
have reported a loss of biotin by this hydrolytic procedure In natural 
materials the vitamin is destroyed by heating with strong alkali, and is 
even less stable to this treatment in pure solutions Both free and com- 
bined biotin are inactivated by oxidizing agents Though esterification 
impairs the biological activity of biotin for microorganisms, acylation or 
alkjlation do not affect it Synthetic 0-biotin is produced commercially 
In oxybiotm the sulfur atom is replaced by oxygen Oxybiotin pos- 
sesses biological properties similar to biotin but in considerably 1® SS 
degree It lias about one-fourth the growth-promoting activity of biotin 
for L heh eticus and S cerensiae and half the actmty for L arabinosus, 
it is onc-third as acti\c m curing biotin deficiency in chicks and even less 
effects e against egg-white injury in the rat 


Wright ttal J Am Chem Soe 72 1018(1050) 
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Dethiobiotin, the natural precursor of biotin, is believed to be derived 
in part from pimclic acid (COOH>(CH2)5 - COOII). It can be made by 
reducing biotin with Raney nickel, a reaction which leaves the furan ring 
intact. 

0 



HN NH 

HC CH 

CH, CH,(CH,),COOH 

Dethiobiotin 

Dethiobiotin is as active as biotin for yeast, E. coli, and various molds, 
but not for several species of lactobacilli, and has very little of the activity 
of biotin against egg-white injury in the rat. 

DETERMINATION OF BIOTIN 

Biotin may be determined microbiologically by measurement of its 
effect upon the growth of microorganisms. The method of Snell, Eakin, 
and Williams 857 involves measurement of the growth stimulation of 
Saccharomyccs cercvisiae. The procedure is similar to that described on 
p. 1185. The extremely high physiological potency of biotin is illustrated 
by the fact that it stimulates yeast growth when present in a concentra- 
tion as low as one part in 5 X 10 11 parts of medium. Biotin may also be 
determined by its growth stimulation of other microorganisms including 
Lactobacillus arabinosus and Lactobacillus casei. A rat assay such as was 
used in studies of the anti-egg-white-injury factor (vitamin H) may also 
be employed, though it requires large groups of animals and is not as satis- 
factory as the microbiological determination. One mg of biotin methyl 
ester is equivalent to 27,000 units of vitamin H, the unit being the mini- 
mum daily dose required to cure the egg-white dermatosis in rats in 
30 days. One great difficulty in the rat assay is that of producing biotin 
deficiencies, since rats obtain a considerable portion of their biotin from 
products of bacterial synthesis in their intestines. The assay for biotin 
using chicks is somewhat more satisfactory because they require greater 
amounts from dietary sources so that the deficiency is easily produced. 
Of the various assay methods, the microbiological procedure is generally 
preferred. See p. 1131. 

VITAMIN B 12 (COBALAMIN) 

Vitamin B 12 , the anti-pemicious-anemia factor of concentrated liver 
extracts and the major vitamin in sources of the “animal protein factor,” 
was isolated in 1918 and found to be a cobalt coordination compound or 
“ chelate.” A Second form, which was isolated in 1949, proved to be biolog- 

*57 Snell, Eakin, and Williams Unit T eiafPub. No. 41S7, IS (1941). 
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jcalK interchangeable with the first later, these forms ntre identified las 
evano (B„) and hj draco (II, t. = forms of the orgmomctalhc 

molecule containing cobalt The krionn role of cobalt m the nutrition ol 
ruminants could non be explained by the presence of tins element in the 
molecule of these “cohalamms” which are synthesized by microorgan- 
isms in the rumen The identity of cohalamin with the "extrinsic factor 
of pernicious anemia was demonstrated, and the production of cobabunin 
bv industrial fermentation made a new source of the substance acailable 


in medicine and animal nutrition 

The term "vitamin Bn” refers chemically to cyanocobalamtn but is 
commonly u®cd to designate the cobalamin group with respect to their 
biological effect Tor example, the \itamm B« content of liver extract is 
commonly expressed m terms of a measurement of cy anocobalamin plus 


liy droxocobalamin 

Physiological and Clinical Aspects of Cobalamin. This vitamin 
is a growth factor for certain lactic acid bacteria and for the algal flagellate 
rtujlena graciltx The deficiency in joung rats and chicks is seen when 
diets low in the vitamin are fed during the maternal period and is ac 
centuated by raising the lei el of protein in such diets or bj the addition 
of thyroid hormone to the diets fed to young animals The deficiency in 
young rats is marked by a high mortality which is most prominent during 
the suckling period and is associated with leukopenia and uremia The 
hatchabibty of the eggs of hens on deficient diets falls to low levels and 
there is slow growth and a high mortality in newly hatched chicks 

Pernicious anemia is the best-known example of the result of vitamin 
deficiency In this disease, which is peculiar to the human species the 
patient by some degenerative process is deprived of an "intrinsic factor" 
which is present in normal gastric juice This "intrinsic factor" is needed 
for the uptake of vitamin B„ (‘ extrinsic factor") from the digestive 
tract The disease is marked by a macrocytic anemia, by leukopenia, by 
megaloblastic changes in the bone marrow and usually by subacute com 
bined degeneration of the spinal cord The signs and symptoms are re- 
versed by administration of cobalamin As little as 1 or 2 /xg daily will 
produce a therapeutic response when injected, as will o nz daily by 
mouth when given with intrinsic factor or a single dose of 3000 pg oralh 
without intrinsic factor Pteroylglutamie acid will restore the blood and 
bone marrow pictures to normal in doses of a few milligrams daily when 
given either orally or by injection but this treatment fails to stem the 
progress of, or to alleviate the neural changes which respond only to 
cobalamin If, however these changes are not of recent ongm, they are 
refractory to even large doses of cobalamin 
Vitamin deficiency in pigs is marked by slow grow th and is aecom 
pamed by nervousness and instability but not by macrocytic anemia A 
wasting disease m ruminants known to be tndermc m many areas was 
identified in as being due to a deficiency of inorganic cobalt in the 
soil, with a consequent lack of this element in the forage The disease in 
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sheep lias been described as accompanied by listlessness, anemia, loss of 
appetite, and weakness progressing to a fatal termination. The disease 
can be prevented or arrested by cobalt salts when they are administered 
orally, but not when injected. Vitamin B j: is effective when either fed or 
injected, and it is thought that cobalt deficiency in the diet of ruminants 
leads to a failure in the fermentation process by which vitamin B J2 is 
normally produced by the rumen microflora. 

A source of the “labile methyl” group such as choline, betaine, or di- 
methyl thetin will enable rats to grow on a “labile-methyl-free” purified 
diet, containing homocystine and succinylsulfathiazole, without adding 
vitamin Bu or ptcroylglutamic acid. However, the rats will grow at a 
rate of 0 8 to 1.0 g. daily without a dietary source of “labile methyl” 
if both vitamin Bu and pteroylglutamic acid are added to the diet. 259 
This relates these two substances to biological reactions involving pre- 
cursors such as serine and glycine as sources of “formate,” supplying a 
single-carbon fragment for the mcthylation of homoc 3 r stine to form 
methionine. It was found by Shive 260 that the inhibitory effect of sulfa- 
uilamide on the growth of E. coli was overcome either by vitamin Bn 
at a level of 0.3 n g. per liter of culture medium or by methionine at a 
level of 90 rag., but not by homocystme. A function of vitamin Bu in the 
formation of methionine from homocystine was thus demonstrated. 

Vitamin Bn and pteroylglutamic acid both appear to “spare” the 
requirement of the chick for choline and to improve the utilization of 
homocystine by the chick on methionine-deficient diets. 

Vitamin B 12 appears to catalyze the formation of the purine and pyrimi- 
dine deoxyribosides which are present in deoxyribonucleic acid. These 
deoxyribosides can replace vitamin Bn in the growth of certain bacteria 
including L. leichmannii. 

The vitamin is formed by certain bacteria in the digestive tract and by 
soil and marine microorganisms. Its formation in the rumen doubtless 
accounts for its presence in beef liver. Vitamin Biz is characteristically 
present in the internal organs and muscular tissues of animals and absent 
from the higher plants. The more important dietary sources of the vitamin 
are liver, kidney, lean meat, fish, clams, oysters, milk, and egg yolk. 

Chemistry of the Cobalamins. The molecule consists of a large, 
highly stable cobalt complex (R'Co) estenfied through phosphoric acid 
to a ribofuranoside group which in turn is linked through N to R, which 
is 5,6-dimethylbenzimidazole (as in vitamins Biz, B 12b , and Bu,) or 
adenine (as in “pseudo vitamin B, 2 "). An anion R", which may be CN 
| i 

R — CH-CHOH-CHO-CH-CHjOH P(OH)OR'CoR" 

I 1 

o 1 o 

Cobalamin 

(in Biz), OH (in Biz h ), NO (in Biz*), etc., and which is apparently not 
related to the biological activity of the substance, is attached by coordi- 


- s * Bennett* Scunce, 110, 5S9 (1949). 

«»Slu\e: Ann. JV. V. 4 cad Sci , 52, 1212 (1950). 
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natc linkage to the cobalt atom Prolonged acid hy droly sis splits th<> phos- 
phate linkages and al o liberates two n-1 amino-2 propanol groups from 
R' Catalytic hydrogenation of \itamm Bn leads to the production ot a 
brownish pigment which has an absorption band at 31o 5,1 Xipon pro- 

longed exposure to air the brown pigment becomes concerted to b\ 
droxocobalamm (vitamin Bi*,) which in turnmav be changed to cy ano- 
cobalamin (vitamin Bi ) by treatment with cyanide 

The composition of \itamin Bn is approximately C 6 i «<H*« 

PCo It forms dark red needle-shaped crystals which m solution have 
absorption epectrum maxima at 278 3G1 and ooO The crystals of 
Mtamm Bin, are almost black and absorption spectrum maxima occur 
at 274 3 j 1, and o2o m/i Both substances are readily soluble in water 
and lasoluble in ether They may be crystallised from acetone They are 
readily destroyed by alkali Dilute acid concerts Bn to Bm and strong 
acid causes hy droly tic decomposition as described abov e The cobalamins 
are readily adsorbed on charcoal from which they may be eluted with 
appropriate solvents and they may be punfied by chromatography on 
silicic acid 

An analog “p«cudovitamm B« ’ was produced by anaerobic ferments 
tion of an organism isolated from bovine rumen contents Acid hy droly 
sis of this analog yielded adenine in place of the 5 G-dimethy Ibenzi 
mida7ole which is obtained from \itamm Bn the other hydrolytic prod 
ucts could not be distinguished from tho«e yielded by vitamin Bi 
Pseudoutamin Bn was active for L letchmannn, E colt and Eugletia 
graalts but was inactive in pernicious anemia and for chicks and rats 
Other microbiologically active derivatives of cobalamtn inactive for 
animals have been detected in the feces of animals These substances 
may lie breakdown products of vitamin Bn 
Determination of Mtamln B„ This is usually earned out by 
biological assay Among the organisms used are rats chicks Euglena 
gracitu l letchmannn and E colt mutant No 113-3 A correction for 
punne and pynmidmc deoxynbosides must be made if L letchmannn is 
used Chemical procedures have been described based on the addition of 
cyanide to cobalamin and the subsequent phot oly tic liberation of the 
cyanide followed by its collection and determination 
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ml of sample in 25 ml of a freshly prepared bisulfite solution (13 G g monobasic 
potassium phosphate and 10 g sodium metabisulfite, dissolved in water and made to 1 
liter) After cooling, dilute an aliquot of the clear supernatant with water so that 
the final test solution contains vitamin activity approximately equivalent to 002 
millimierogram of cy anocobalamm The bisulfite aids in stabilizing naturally occur- 
ring analogs of the a itamm Tlie amount of bisulfite m the assay tube should not exceed 
0 10 mg (or 0 02 mg per ml ) 

Standard Cyanocobalamin Solution Prepare a stock solution by dissolving in 
25 per cent alcohol an accurately weighed quantity of U S P Cy anocobalamm Refer- 
ence Standard, so that each ml contains 1 0 millimicrogram of cy anocobalamm On 
the day it is to be used, dilute 10 ml of the Stock Solution to 500 ml with water Each 
ml contains 0 02 millimicrogram of cy anocobalamm 

Basal Medium Stock Solution 


Acid-hydroly zed Casern Solution 25 ml 

Cy stine-Try ptophan Solution 25 ml 

Asparagine Solution 5 ml 

Adcnine-Guamnc-Uracil Solution 5 ml 

Xanthine Solution 5 ml 

Riboflavin-Thiamine-Biotm-Nicotinic Acid Solution 10 ml 

p-Aminobenzoic Acid-Calcium Pantothenate-Pyndoxme-Pyndoxnl Pyndoxa- 
mine-Fobc Acid Solution JO ml 


Salt Solution A 

5 ml 

Salt Solution B 

5 ml 

Poly sorbate SO Solution 

5 ml 

Dextrose, Anhydrous 

10 g 

Sodium Acetate, Anhydrous 

5 g 

Ascorbic Acid 

1 g 


Dissolve the dextrose sodium acetate and ascorbic acid in the solutions previously 
mixed add about 50 ml of -water adjust to a pH of C 0 with sodium h>droxide solution, 
and finally add water to make 250 ml 


Acid-hydrolyzed Casein Solution Mix 100 g v itamin free casern with 500 ml 
dilute hydrochloric acid (1 in 2) and reflux the mixture for S to 12 hours Remove the 
hydrochloric acid from the mixture by distillation under reduced pressure until a 
thick paste remains Rcdissolve the resulting paste in water, adjust the solution to a 
pH of 3 5 (±0 1) with sodium hydroxide solution, and add water to make 1000 ml 
Add 20 g activated charcoal, stir for 1 hour, and filter Repeat the treatment with 
activated charcoal, stir for 1 hour, and filter Repeat the treatment with activated 
charcoal Store under toluene in a refrigerator at a temperature not below 10° C 
Filter the solution if a precipitate forms upon storage 

Cystine-Tryptophan Solution Dissolve 400 mg each of L-cystme and d,l- 
tryptophan in 100 ml N HC1 

Asparagine Solution Dissolve 2 0 g L-asparagine in water to make 200 ml 
Store under toluene in a refrigerator 

Adenine-Gttanine-Uracil Solution Di^solv e 0 2 g each adenine sulfate, guanine 
hy drochlonde, and uracil, with the aid of heat, in 10 ml 20 per cent hydrochloric acid, 
cool, and add water to make 200 ml Store under toluene in a refrigerator 

Xanthine Solution Suspend 0 2 g xanthine in 30 to 40 ml water, heat to about 
70° C > add 6 0 ml ammonia Test Solution, and stir until the solid is dissolv ed Cool, 
and add water to make 200 ml Store under toluene m a refrigerator 
Riboflavin-Thiamine-Biotin-Nicotinic Acid Solution Prepare a solution in 
0 02 N acetic acid, each ml to contain 25 fig riboflavin, 25 fig thiamine hy drochlonde, 

0 2 fig biotin, and 50 pg nicotinic acid Store, protected from light, under toluene in a 
refrigerator 
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P-Ami\obfnzoic Acid-Calcium Pa n ront t s ate-P nui*m \ » -Prmi>oXAE*PTRi- 
doxamine-Folic Agio Solution Prepares solution in 23 per pent neutralized alcohol, 
each ml to contain 50 MJ p-arainobenzoic acid, 25 ufi calcium pantothenate, 100 
pyridoxine hydrochloride, 100 jig pyridoxal hydrochloride, 20 #ig pyruloxnmne di 
hydrochloride, and 5 pg folic acid Store in a rcfngt rator 
Salt Solution A DhpoHc 10 g monobasic potassium phosphate and 10 g dibasic 
potassium phosphate in water to make 200 ml Add 2 drops of hydrochloric acid, and 
store unde r toluene 

Sait Solution B Dissolve 4 0 g magnesium sulfate, 0 2 g sodium chloride, 02 g 
ferrous sulfate, and 0 2 g manganese sulfate in water to make 200 ml Add 2 drops of 
hydrochloric acid, and store under toluene 

Folyporbate 80 Solution Dissolve 20 g poljsorbatc SO in sufficient alcohol to 
Make 200 ml Store in a refrigerator 

Tomato Juice Preparation Centrifuge 1000 ml commercially canned tomato 
juice Suspend 3 to 10 g analytical filter-aid in the supernatant liquid and filter under 
reduced pressure, through a layer of analytical filter aid of sufficient thickness so that 
a clear, straw -colored filtrate is obtained More under toluene in a refngi rator 

Culture Medium Dissolve 0 75 g water-soluble yeast extract, 0 75 g peptone, 
lg anhydrous dextro«c, and 02 g potassium biphosphatc m 00 to 70 ml water Add 
10 ml tomato juice preparation and 1 ml poljsorbatc 80 solution Adjust the solution 
to pH G 8 with sodium hydroxide solution, and add water to make 100 ml Place fttanf 
portions of the solution in test tubes, and plug with cotton Stcniixc the tubes 
and contents in an autodale for 15 minutes at 121° to 123° C (exhaust line 
temperature) 

Slsiension Mfdium Dilute a measured \ olume of basal medium stock solution 
with an equal volume of water Place 10-mi portions of the diluted medium in test 
tubes Sterilize and cool as directed abo\ e for the culture medium 

Stock Clltlre op the Ladohactllue letehmannn To 100 ml culture medium add 
I 0 to 1,5 g agar, and heat the mixture, with stirring, on a steam bath, until the agar 
dissolves Add approximately 10-mL portions of the hot solution to test tubes, plug 
the tubes with cotton, sterilize for 15 minutes m an autoclave at 121° to 123® C 
(exhaust line temperature), and allow the tubes to cool in an upright position Prepare 
a stab culture from the pure culture of L letehmannn, obtained from American Type 
Culture Collection’*' (No 7830) Incubate 6 to 24 hours at any constant temperature 
between 30® and 37® C Activate a newly obtained culture by making several daily 
transfers before use in an assay Maintain the culture in an activ c state by transfer at 
least three times w eekly 

Inoculum Make a transfer of cells from the Btock culture to a sterile tube of culture 
medium, and incubate 6 to 24 hours at a constant temperature between 30® and 37® C 
Under aseptic conditions centrifuge the culture, decant the supernatant, and suspend 
•he cells in 10 ml sterile suspension medium 
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of the test solution of the material to be assayed To each tube add 5 0 ml 
of basal medium stock solution and sufficient water to make 10 ml 
After mixing, cover the tubes suitably to prevent bacterial contamination, 
and sterilize the tubes and contents In an autoclave for 5 minutes at 121° 
to 123° G (exhaust-line temperature) arranging to reach this temperature 
In not more than 10 minutes Cool as rapidh as practicable to avoid color 
formation resulting from overheating the medium Take precautions to 
maintain uniformity of sterilizing conditions throughout the assay 

Aseptically inoculate each tube (except three tubes containing no Standard 
Cy-anocobalamin Solution-umnoculated blank) with 1 drop of inoculum 
Incubate for 6 to 24 hours, until maximum turbidity Is obtained, as demon- 
strated by a lack of significant change during a two hour period in the tubes 
containing the highest level of Standard Cyanocobalamln Solution (0 1 
milllmicrogram) Maximum turbidity is ordinarily obtained in 14 to 24 
hours Read the turbidity of the tubes in a suitable instrument, at a specific 
wavelength that is optimal for the Instrument used This will He between 540 
and 660 mp In taking the instrument reading, thoroughly mix the contents 
of each tube and transfer to optical glassware Agitate each tube or cuvette to 
obtain a uniform suspension A few seconds after agitation a steadv state is 
reached In which the galvanometer needle remains constant for 30 seconds 
or more, allowing sufficient time for an instrument reading A little practice 
will establish the proper time interval With the inoculated blank in the 
instrument, set the meter to read 100 per cent transmittancy , read the trans- 
mittancy of the Inoculated blank (the inoculated tubes to which no Stand 
ard Cyanocobalamln solution has been added) Disregard the results of an 
assay If contamination with a foreign organism Is evident, or If the inoculated 
blank tubes give a reading of less than 90 per cent transmittancy (Evelyn or 
Lumetron), 80 per cent (Coleman), or 65 per cent (Beckman), thereby indi 
eating interference due to vitamin Bi« activity in the basal medijm stock 
solution or inoculum Then with the inoculated blank in the instrument set 
the meter to read 100 per cent transmittancy- Read the transmittancy of the 
tubes of the standard and sample series Disregard the results of an assay if 
the transmittancy of the tubes containing the highest level of Standard 
Cyanocobalamln Solution (0 1 milllmicrogram) is more than 65 per cent 
(Evelyn or Lumetron) or 50 per cent (Beckman or Coleman) 

Calculation Prepare a standard concentration response curve by plotting the per 
cent transmittancy readings for each lev el of the Standard Cy anocobalamm Solution 
used agamst millimicrograms of cyanocobalamln contained in the respective tubes 
Draw the smooth curve which by visual inspection appears to fit best the plotted 
points 

From this standard curve determine by interpolation for each tube the amount of 
cyanocobalamln equn alent to the v itam n B activ lty of each ml of the test solution 
of the material to be nssaj ed 

Since in microbial assays occasional inexpl cable aberrant v alues are obtained in 
individual tubes inspect the senes of v alues and set aside any w hich v aiy markedly 
from most of the senes Strike a provis onal average of the remaining values and set 
aside any of the latter w Inch are less than 90 per cent and more than 1 10 per cent of 
the provisional average If less than 10 of the 15 original values remain the data arc 
insufficient for calculating the potency if 10 or more values remain calculate the 
potency from the av erage of them If the calculated potency of an assay is less than 
75 per cent or more than 12o per cent of the ass micd potency , the result is out of the 
critical range for greater accuracy 3 reassay at a level more closely approximating 
the true value is necessary 
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Determination of Cobalamin ( Pad-Plate Method of Williams and Co- 
workers):™ Principle . Cobalamin is determined by measurement of growth of E. 
cob mutant The diameter of the growth tones on agar plate is measured and evalu- 
ated on a standard curve. 

Distribution of Cobalamins. Good food sources include liver, kid- 
ney, lean meat, fish, milk, and oysters The higher plants contain little 
or no vitamin B**, but it is produced by many microorganisms, including 
molds of the Streptomyces group which are used for its industrial pro- 
duction. Ruminating animals appear to obtain the vitamin from fer- 
mentations which are carried out by the microfiora of their digestive 
tract; this accounts for the presence of cobalamins in beef liver and also 
for the fact that in ruminants a lack of cobalt leads to a wasting disease 
caused by a deficiency of vitamin B». 


THIOCTIC ACID (PROTOGEN, LIPOIC ACID) 

This cocnzymatic factor has not been shown to be essential in the 
diet of animals and should not, strictly speaking, be classified as a vitamin. 
However, thioctic acid has biochemical functions which relate it closely 
to the B vitamins. 

The protozoon Tetrahymena geleii was shown by Dewey and Kidder 1 * 4 
to need an unidentified factor present in liver and other natural materials. 
This factor was shown to contain a component which differed from the 
knowm vitamins and was named “ protogen ” Two chemically distinct 
forms were shown to exist.*® 7 In other investigations extracts prepared 
from yeast were found to be interchangeable with acetate in promoting 
the growth of L. case i*** and to be needed for the oxidation of pyruvate 
by resting tells of a strain of S. fecalis . I45 

The crystallization and study of one form of the acetate-replacing 
factor, which was renamed “a-lipoic acid,” showed the presence of sul- 
fur 170 and a similar compound obtained from liver was also found 771 
to contain sulfur The synthesis of »i/-C,8-dithiooctanoic acid (abbrevi- 
ated to “fr-thioctic acid”) was accomplished following studies of the 
structure of the natural compound 777 The biological activity of 6-thioctic 


\ 


CH(CH 2 ) 4 COOH 


6-ThJoctic Acid 


Williams. Espo^o. and Pierce Ped Proe , II, 458 (1952) 

”* P TL So<: Fx J*\ **td 46. 482 (1941), Biol Bull , 87, 107 (1914). 

Kidder and Dewey Biol Bull , #7, 121 (1944) 

*" fctoVstad, Hoffman, Regan, Fordham. and Jukes Arch Biochem . 20 , 75 (1919). 

’ Guirard, 8 nell. and W illiams ArcA Biochem , 9 , 381 (194C) 

•“O’Kane and Gunsalua J Bad , 54, 20 (1947) 

”* Ke«<l. H al Science *14. 93 (1951), J Biol Chem , *92. 851. 859 (1951) 
m Patterson, et al J Am Chem Aoe . 7J. 5919 (1951) 
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aud is high, 0 4 parts per billion of purified culture medium is sufficient 
to produce half-maximum growth of T gclcn It was suggested that the 
compound may be present in biological systems in acid amide linkage 
with thiamine pyrophosphate 275 Oxidation and reduction of G thioctic 
acid gi\e rise respectn ely to an oxide (protogen B or /9-lipoic acid) and a 
dithiol 


CH. 0 C’H, CII, — CH, — CHR 



Physiological Aspects of Thioctic Acid. The interchangeability of 
protogen with acetate m the nutrition of S fecalis and the role of protogen 
in the oxidation of pyruvate were earl} observations which indicated the 
coenzyraatic functions of the substance and its probable relation to co- 
carboxylase (diphosphothiamine) Approximately 6 moles of protogen 
and 1 mole of diphosphothiamine were found to be present m a-heto- 
glutanc acid oxidase," 74 and the presence of protogen in pyruvic oxidase 
w as also noted, 275 suggesting a possibility that steps of the following type 
might occur in the oxidation of keto acids * 76 


R CO COOH + thiamine R COH thiamine + CO* 
CH, 


R COH thiamine -f* CH, 


CHR' R CO S(CH ; 


i)iCH(SH)R + thiamine 
HS(CoA) 


HS(CH,),CH(SH)R + RCO S(CoA) 
PPM 1 (B) 


Oxidation of (B), the dihydrothioctic acid form of the coenzyme, restores 
the latter to its original condition 

Chemistry of Thioctic Acid. 6 Thioctic acid is a light-} ellow crystal- 
line solid, M P G0°-G1° C (Fig 283) It is insoluble in water but readily 
dissolves in alcohol, acetone, ether, and many other organic solvents The 
sodium salt is freely soluble m water Thioctic acid is comparatively 
stable, but solutions tend to become oxidized by air to thiosulfinyloctanoic 
acid (oxythioctic acid, protogen B, or /3 lipoic acid) The ultraviolet 
absorption spectrum shows a peak at 332 m/i (molar extinction coefficient 
± 160) Calvin and Massim' 77 ha\ e suggested that light shifts the equi 
librium of the thioctic-acid containing coenzyme toward the reduced 
(dithiol) form, thus rendering it incapable of oxidatively decarboxy lating 
pyruvic acid (newly formed from CO,) to give nse to acetyl coenzyme A 
required to bring this carbon into the tricarboxylic acid cycle It was 


* T * Reed and DeBusk J Biol Chem 199 881 (1952) 

* * Sanadi Littlefield and Bock J Biol Chem 197 851 (1952) 
1,1 Schwect and Cheslock J Biol Chem 199 749 (1952) 

«• Reed and DeBusk J Am Chem. Soe 75 1*>G1 (1953) 

*” Calvin and Massim Expenenita 8 445 (1952) 
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further suggested’ 7 * that a hi radical formed by dissociation of the disulfide 
bond in a strained fi\ c-membcred disulfide containing ring, such as in 
thioetic acid, is the form m which light eriergj travels from chlorophyll 
to the chemical reactions concerned with the fixation of carbon dioxide in 
photosynthesis (f>cc also p j8) 
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\deni\f and Guanine The**e are dissohed together in a small amount of 1 0 
X IIC1 with heat and diluted to I mg per ml 
Uracil Dissohe in dilute MI«OII and dilute to 1 mg per ml 
Tryitopii an DreoU c in a small amount of 1 0 >» HCI and dilute to 10 mg per ml 
Asparacine Dissolve I g asparagine in 100 ml water 

\ itamins Dis ol\c 100 mg » inositol, 100 mg choline chloride, 10 mg calcium 
pantothenate, 10 mg thiamine hj drochlondc, 10 mg nicotinamide, 10 mg nboflawn, 

Basal Medium for Ass at of Thioctic Acid with Corynebacterium boms 


Constituent 

Amount per oOO 
Ml Double- 
Strength Medium 

Constituent 

1 mount per oOO 
Ml Double- 
Strength Medium 

Acid bj drolj zed casein 

5g 

t Inositol 

5 mg 

Glucose 

5g 

Choline chloride 

5 “ 

Sodium acetate 
Speakman salt solution 

2 og 

Calcium pantothenate j 

0 5“ 

A 

Speakman salt solution 

5 ml 

Thiamine 

0 5“ 

B 

5 ml 

Xicotinamulc 

0 5“ 

Asparagine 

50 mg 

Ribofla% in 

0 5 * 

DL-to ptophan 

100 mg 

Pyridovrae 

0 5“ 

l-cj stine 

100 mg 

p-Aminobenzoic acid 

0 5“ 

Adenine sulfate 

10 mg 

Pteroj lglutamic acid 

0 5“ 

Guanine hydrochloride 
Uracil 

10 rag 

10 mg 

Biotin 

0 5“ 


Combine ingredients adjust to pll 6 8 and make up to 500 ml with water 


10 mg pj ndoxme h> drochlonde, 10 mg p-ammobenzoicacid, 10 mg pteroj lglutamic 
acid, and 10 mg biotm in 100 ml distilled water, and store in the cold room unde¥ 
toluene Add lml of this solution per 100 ml of double-strength medium *— 

Preparation of Sample Solutions If the thioctic acid In the test sample is in 
a “bound form,” the sample should be autoclaved at 15 pounds pressure for 
2 hours with 2 volumes of 8 N sulfuric acid, cooled, neutralized, and filtered 
to give a clear filtrate for assay The assa> samples, together with the stand- 
ard dilutions of thioctic acid, are pipetted Into 12 X 100 mm test tubes and 
brought to a volume of 1 ml with water, 1 ml double-strength basal medium 
is added per tube, the tubes are capped with metal or glass caps, and then are 
sterilized for 15 minutes at 15 pounds pressure After cooling to room tem- 
perature the tubes are inoculated as described below 

Preparation of the Inoculum An inoculum is prepared by growing the or- 
ganism at 25® C for 48 hours on the basal medium plus 10 mg Wilson’s liver 
fraction L** 1 per tube The cells are centrifuged, resuspended in an equal 
volume of saline, and 1 drop is used per 2-mi assay tube The assay tubes are 
Incubated at 25® C for 72 88 hours The growth response Is measured by 
recording the optical density of the cultures with the photoelectric turbidim- 
eter From these data a curve can be plotted relating growth to thioctic acid 
concentration, and from this response curve the potency of the unknown 
Samples can readily be calculated 


211 Other crude liver extracts ma> be used 
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, Th.nctlc Acid. The substance is widely distributed 
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presumably indicating synthesis by the tissues 

PARA-AMINOBENZOIC ACID 

£=SrS~SiS=S| 

isms and of higher animals was established shortly thereafter, as we 
its presence in certain natural materials particularly yeast 

Physiological and Clinical Aspects of p-Aminobenzo c Ac - 
p-Ammobcnr oic acid ,s the “ bridge" between ptero.c and ‘ * ^PABAl is 
m the structure of folic acid Although p-aminobenzoic acid (FABA) 
frequently classed among the vitamins there is little to justify 1 *? „ 

that it plays a direct role in human nutrition Evidence points rather 
essential role in microhial nutrition and hence to its stimulating e ^ 
vitamin synthesis by intestinal microflora Direct evidence of 
bacterial synthesis is seen in the observation that excretion of p-amin 
benzoic acid greatly exceeded dietary intake (See p 81- ) , 

An excess of p aminobenzoic acid inhibits the bacteriostatic effect 01 
sulfonamides possibly because of structural similarities (see Chapter M) 
This antagonism obeys the mass action law, thus indicating that ine 
inhibition is competitive The antisulfonamlde effect of the Mtamin nas 
been noted i n ulro iU as well as in into in mice infected with Streptococci 
hemolyhcus Sulfonamide resistant strains of Staphylococcus have been 
developed in which the resistance is proportional to the ability of tne 
microorganism to synthesize p aminobenzoic acid p-Aminobenzoic acid 
interferes with the malancidal action of sulfanilamide drugs but not witn 
that of quinine and atropine, which probably attack the microorganism 
through a different channel The use of p aminobenzoic acid derivatives as 
local anesthetics and their possible incompatibility with sulfonamides ad 
ministered subsequently as bacteriostatic agents has been considered 
Observations relating to the behavior of p-aminobenzoic acid under physio- 
logical conditions however indicate that p-aminobenzoic acid therapy 
probably does not interfere with subsequent administration of sulfona- 
mides furthermore it has been found that small amounts of p-amino- 
bcnzoic acid often potentiate sulfonamides 
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maintenance of hair color in the black rat. 288 The injection of hydro- 
quinone in cats or mice results in graying of the fur, which can be pre- 
vented or cured by p-aminobenzoic acid. The use of PABA in the treat- 
ment of nutritional achromotrichia in man, reported to be successful in a 
few isolated cases, has been refuted on the basis of more carefully con- 
trolled studies. 289 Anti-gray-hair properties have also been demonstrated 
for pantothenic acid, biotin, and folic acid. Stimulation of the growth of 
microorganisms by the administration of one of the vitamin B complex 
may cause an increased synthesis or utilization of another member by 
the intestinal flora. This makes it difficult to ascribe particular physio- 
logical effects to specific B vitamins when administered orally. Thus the 
action of p-aminobenzoic acid in the prevention of achromotrichia has 
been ascribed by some observers to alterations in the intestinal flora 
promoting the synthesis of pteroylglutamic acid or of other factors con- 
cerned with melanin formation. 

In some species, p-aminobenzoic acid has been found to increase the 
physiological potency of insulin and penicillin. It may also play a role in 
the metabolism of hormones — for example, by inhibiting the production of 
thyroid hormones. In addition, the rate of enzymatic inactivation of 
stilbestrol by mushroom tyrosinase, as well as the oxidative destruction 
of epinephrine, are inhibited by p-aminobenzoic acid. 

p-Aminobenzoic acid absorbs ultraviolet radiations (maximum 297.5 
m/i) in the range which produces sunburn and suntan in human skin. 

p-Aminobenzoic acid participates in certain detoxication reactions. In 
rats PABA detoxifies high doses of pentavalent and trivalent arsenical 
drugs used in the treatment of various forms of syphilis, without inter- 
fering with their bacteriostatic potency. It has also been claimed to 
detoxify antimony compounds used in tropical diseases. 

Large doses of p-aminobenzoic acid are toxic to dogs and mice. The 
oral administration of more than I g. per kg. body weight in dogs is fatal. 
On the other hand, the administration of 1.4 g. per kg. body weight to 
rats is nontoxic. Moderate doses are acetylated by man and excreted in 
the urine. 

Distribution of p-Aminobenzoic Acid. 590 p-Aminobenzoic acid is 
present in most tissues. It occurs in nature in both the free and the 
combined form. Relatively high concentrations (several micrograms per 
gram) are found in yeast, liver, rice bran, rice polishings, and whole wheat. 
In the last it is present mostly in the germ. Milk contains about 0.1 mg. 
per liter. 

Chemistry of p-Aminobenzoic Acid. p-Aminobenzoic acid was syn- 
thesized by Fischer 591 as early as 1863, by reduction of p-nitrobenzoic 
acid with ammonium sulfide. It crystallizes in colorless needles which 


*** Martin and Ansbacher: J. Biol. Chem , 138, 441 (1941). 

**’ Brandalcone, Main, and Steele. Proe. Soc Eiptl. Biol Med , 53. 47 (1943); Eller and 
Dias K. Y. Stale J Med, 43. 1331 (1943) 

* ,a For quantitative data see Landj and Dickcn* J . Biol. Chem.. 146. 109 (19-12); Mitchell, 
Isbell, and Thompson* ibid , 147, 485 (1943) and 148, 281 (1943). 

*»i Fischer. Ann , 137, 142 (18G3). 
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DETERMINATION OF p-AMINOBENZOIC acid 
\o satisfactory chcm.cal method aimlable for the determination o 

Jso sati > (ts with n-dimeth\ laminobenzaldehj de in 

p-aminohenzjiKi acid It react, rt M a „ OT co l„ r How- 

gbcial acetic acd to Proau hng reactions, is nonspecific 

®'®f* ” en v>a isomers of p-ammobenzoic acid as well as b> aniline an 
ns denfatn «?and by sulfonamides In the analj s.sof biological materials 
the bound \ itamm must first be freed bj strong acid or alkaline j V. 

p-Am„nobcnzo.= acid „ required for the growth of 
organisms, including Brucella abortus. Streptococcus le T’ ,y i‘Z’ ? ns 
Clostridium acelobutyhcum Microbiological methods for the dete™ 
tion of PABA are based upon the growth stimulation of 
suboxydans™ and of a p-aminohemmdest mutant of A curosporacr^ asm 
Determinations may also be made employing organisms which don 
require an external supply of the xitam.n by measuring the degree o 
inhibition of the bacteriostatic effect of sulfa drugs resulting from tn 
addition of p-aminobcnzoic acid 


CHOLINE 

Choline has occupied a prominent place in biochemical literature be- 
cause of its relationship both to the phospholipides and to its acetU ester 
Acct\lchohne, first studied as a synthetic product, then found in plan 
and animal tissues, plajs an important role in the humoral transmission 
of parasympathetic and other ner\e impulses to effector organs «<» 
recently, choline has achieved added significance because of its role in 
the process of transmethylation (see below and p 1029) 

Choline, probably of pho=pholipide origin, was isolated independent j 
b> numerous m\ estigators and has been \ anouslj designated smhalin 
bilineunne fagm, amanitin and neunne the latter term being non 
rcserv ed for the unsaturated base tnmethjlvinjlammonium hjdroxi e 
Because of its biochemical function and its distribution in foods cho me 
is usuall j considered along with the wtanuns of the B group **°T[ e ' er 
it not onlj lacks the specificitj characteristic of the vitamins bu 1 ^ 
actually a structural component of fat and ner\e tissue Moreo\ cr it is 
not known to participate as a cofactor in an enzyme sjstem * len c. 
choline is not stnctlj speaking a vitamin Part of the sjndrome 


m Cbeldelin and Bennett J Burl Chcm HI 751 (1945) 
*»• mnd Peterson Arch Buxhcm 17 304 (19jO) 
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choline deficicnc3’ in animals can be cured by the administration of other 
methyl group donors, (e.g. methionine, betaine) or of vitamin Bi 2 which 
plays a role in methyl group transfer. 

Physiological Properties of Choline. Choline is essential for normal 
growth of the rat, chick, and dog, and for lactation in the rat. Dietary 
deficiency has been demonstrated to be responsible for paralysis in the 
hind legs of nursing rats, inhibition of egg production in hens, slipped 
tendon (perosis) in chicks and young turkeys, and fatty liver in rats, dogs, 
rabbits, and pigs. The last-mentioned symptom is not observed in guinea 
pigs, whose low requirement for choline is attributed to a lack of hepatic 
choline oxidase. Choline deficiency in young rats produces an acute 
hemorrhagic lesion of the kidneys. Even after short exposure to this con- 
dition and subsequent restoration to an adequate diet, such rats have 
been reported later in life to develop h3’pertension with cardiac enlarge- 
ment and persistent renal damage . 2 ’ 4 

Choline performs several physiological functions. It enters into the 
molecular structure of phospholipides and acetylcholine, and supplies 
labile methyl groups for transmethylation reactions. Phospholipides are 
concerned with the mobilization of fat in the body. In the absence of 
choline, neutral fat, and to some extent cholesterol esters, accumulate 
in the liver. Choline is also lipotropic in that it prevents fatty livers in 
depancreatized dogs. However, this condition, when induced in rats by 
high-cholesterol feeding, does not respond to choline feeding. 

Certain specific compounds with labile methyl groups, or otherwise 
related in structure, can replace choline in some of its biological func- 
tions Methionine mobilizes liver fat in a manner similar to choline, 
and both the d- and n-forms are equally effective. The mechanism prob- 
ably involves the transfer of labile methyl groups from methionine to 
ethanolamine with the formation of choline. In support of this hypothesis 
is the observation that choline containing deuterium may be isolated 
from the animal organism after feeding methionine whose labile methyl 
group contains deuterium. Betaine and other lipotropic factors may also 
supply methyl groups to ethanolamine. Conversely, methionine, an 
essential amino acid, can be replaced by homocystine when choline, 
betaine, or dimethylethylammonium chloride is fed. The methyl-diethyl 
and the triethyl homologs do not support growth, but are strong lipo- 
tropic agents, and prevent the occurrence of hemorrhagic kidneys. 
Arsenocholine and sulfocholine likewise have lipotropic action and pre- 
vent renal hemorrhage, but neither of these compounds can methylate 
homocysteine. There is no diminution of activity when phosphorus is 
substituted for the nitrogen of choline. The hydroxyl group must be 
free, however, since ethers are inactive. The methyl groups of creatine, 
S-methyl cysteine, or of the betaines from threonine, serine, or allo- 
threonine, are not available for transmethylation. 

Choline serves as a methylating agent in the physiological process: 
gnanidoacetic acid — ► creatinine Here, too, methionine and betaine can 
replace choline. 


**• II art croft and Best: Brtf Mtd J , I, 423 (1&49). 
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Choline is m the 

sliiilsSE! 

tmgufshed from that of adipose tissue bj the fact 

^Ardi’tuwedabo'te eholmc maj tic ajnthesizcd in mo from ethanol 
amine and a methjl donor, methionine or betaine P.ata on a d'etcont 
ing ample methionine, for example need no dietarv snpplj of tholine 
Thstribution of Choline •“ The concentration of choline in animal 
tissues is proportional to their phospholipide constituents Thus egg 
5 oik bier! kidnej s, brain, heart and nenous tissue are nch sourc 
Good sources of choline are muscle tissue green, leafy and legumino 
vegetables seed oil meals, and gram germs In corn meal, 7o per ce 
of the choline is concentrated in the germ uhilc 50 per cent of the choli 
in wheat is lost m the preparation of white ffour In general, seed meals 
and seeds are considerably better sources than the cereal grains Mutter, 

lard and refined vegetable oils are almost dm oid of choline Mixed diets 

of man have been shown to provide 0 o to 1 0 g of choline per daj , an 
order of magnitude more nearly resembling that of tndiv idual amino acid 
than that of v itamins in 

Chemistry of Choline Choline was first isolated by Strecker in lo-u 
and synthesized b> Wurtz in 1867 It possesses the following structure 

CH, 

\ 

CH*— \ CHaCHaOH 

/l 

CH, OH 

Choline 


The free base is a colorless crvstalhne extremely hjgroscopic com- 
pound It is a stronger base than ammonia and easilj forms salts with 
acids Pure choline when heated decomposes to tnmethylamine ana 
ethylene glj col Aqueous solutions containing less than 4 per cent choline 
maj V>e heated without decomposition but losses occur in more con 
ccntrated media C holme is more stable to heat in acid tlian in neutra 
or alkaline solution Choline dihjdrogcn citrate, choline chloride, an 
carbarn} 1 choline chloride are used medicinal!} 
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Choline is readily soluble in water, methyl alcohol, ethyl alcohol, and 
formaldehyde; slightly soluble in dry amyl alcohol, dry acetone, and 
chloroform; and insoluble in dry ether, petroleum ether, benzene, toluene, 
carbon bisulfide, and carbon tetrachloride The salts are soluble in water 
and alcohol, forming aqueous solutions which are nearly neutral. 

Choline may be precipitated from aqueous solution by potassium 
triiodide, phosphotungstic acid, phosphomolybdic acid, or reinecke salt. 
These precipitants, especially the last, have been employed in quanti- 
tative methods for its determination. Choline chloride also forms charac- 
teristic double salts with the chlorides of platinum, gold, and mercury. 

DETERMINATION OF CHOLINE 

Microbiological Assay ( Method of Horowitz and Beadle):*™ Principle. 
Choline maj be measured by the grow th stimulation of a mutant strain of A Teurospora 
crassa designated as cholmeless, produced artificial!) b) exposure to ultraviolet radia- 
tion Methionine, which can replace choline for the microorganism, is removed by 
adsorption of the extract on “Pennutit” followed by elution with sodium chloride 
solution. The microbiological procedure for the determination of choline is far more 
sensitive and possibly more specific than the chemical procedure 197 The latter in- 
volves precipitation and isolation of the reineckate, followed by colorimetric measure- 
ment of the red pigment at 520 ran in acetone solution 

Procedure. Heat 100 mg. of sample in an autoclave for 2 hours at 15 pounds 
pressure In 10 ml. 3 per cent sulfuric acid, or reflux for 7 hours. Neutralize 
to Congo red with saturated barium hydroxide solution. Centrifuge and filter 
the supernatant through a Whatman No. 50 paper. Add 3 ml. distilled water 
to the precipitate and bring to a boil with stirring. Cool, centrifuge, and add 
the washing to the previous supernatant. Neutralize the solution to litmus 
with 1 N sodium hydroxide solution and dilute with distilled water to a con- 
centration of approximately 15 pg. per ml. Pass 5 ml. of the neutralized 
extract* 98 through a column 100 mm. long and 5 mm. wide (internal diam- 
eter) containing 1 g. of Permutit. Wash the column with 5 ml. of 0.3 per cent 
sodium chloride and discard the filtrate and washings. Elute the choline 
with 10 ml. of 5 per cent sodium chloride.* 99 

Prepare a basal medium having the following composition in g. per liter: 
ammonium tartrate 5, ammonium nitrate 1, monobasic potassium phos- 
phate 1, magnesium suifate-7HiO 0.5, sodium chloride 0.1, calcium chloride 
0.1, sucrose 20, biotin 5 X 10“‘. In addition, add the following trace elements 
as salts in mg. per liter: boron 0.01, molybdenum 0.02, iron 0.2, copper 0.1, 
manganese 0.02, and zinc 2.0. 

Maintain stock cultures of the cholinetess mutant No. 34486 of Neurospora 
crassa on agar slants composed of the basal medium plus 1.5 per cent agar, 
0.2 per cent Dlfco yeast extract, 0.2 per cent malt extract, and 1 ^ g. per ml. 
of choline. Tor inoculum, prepare a spore suspension in a few ml. of distilled 
water. 

Pipet 0.5, 1.0, and 2.0 ml. aliquots of the sodium chloride eluate in dupli- 
cate into 250-ml. Erlenmejer flasks, and dilute each to 25 ml. with basal 


w * Horovntz and Beadle: J. Biol. Chem , 150, 325 (1943). 

**t XJ S Pharmacopoeia XII! 

m If the solution is known to contain less than 3 jzg. of choline per m! , pass 10 ml 
through the column. 

*** If more filtrate is required in case the approximate choline content is unknown, adsorb 
two or more portions of the solution simultaneous!} on separate columns 
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* * Tirv In an oven at 90° C and determine the dry weight 

Wl O alouiTtioi Prepare a reference curve from the data ebtamed w.th the atandard 

acres plottwB «t ol <*°> »« " ' h ‘ “ bst *“ “ lI ' ' B ' 1 Then 

From th 3 curve read off tie cl olmc concentration C per ml ofeluate Then 

q v i2 X — *= ME choline per g of Bamplc 
A 01 

where ! is tl e volume to h ch tt e or B nal extract as 1 1 ited and A is the vol ime of 
the al quot wh ch i as passed through the Perm ltit column 

INOSITOL 

Though inositol was long know n to be a constituent of heart muscle 
and of many plants (in the form of phytin the calcium magnesium sa 
of inositol hexaphosphate) its functional similarity to the v itamins was 
not recognized until recently Eastcott 100 isolated from yeast the factor 
previously known as bios I and demonstrated its identity with mositoi 
The biologically active compound is optically inactive (designated 
t inositol or meao inositol) as distinguished from its biologically inert 
stereoisomers In addition to its role as a yeast growth factor inositol 
has been identified with the mouse alopecia factor of Woolley ana 
the rat anti spectacled eye factor of Pavcck and Baum 302 

Physiological Properties of Inositol Though the metabolism or 
mode of action of inositol has not yet been elucidated its importance 
in the nutrition of several species has been demonstrated An external 
source is required by some yeasts and fungi but not by all Young mice 
on a deficient diet suffer an inhibition of growth and loss of hair both of 
which are corrected by supplementation with inositol Growth of a 
transplanted mouse tumor has been inhibited by inositol It is also 
essential for proper grow th in the chick and rat The spectacled eye 
condition in rats due to loss of hair about the eyes is a result of dietary 
deficiency The vitamin also has lipotropic properties for this species 
but more for the cholesterol than the fat type of fatty livers 
Inositol stimulates gastrointestinal peristalsis in dogs Though the 
vitamin must be present m the free state to be available to yeast it is 
readily utilized by the mouse in natural bound forms such as phytin 
and soybean cephahn as well as synthetic methyl inositol and inositol 
hcxaacetate 

The metabolism of inositol is related to that of other vitamins It has 
been suggested that pantothenic acid regulates absorption of inositol 
from the intestine for a diet containing inositol produces symptoms of 


“•KantCoU J Ih v > Chcm 32 1001 (1928) 
•»» W notify J UuA them I3« 118(1940) 

1 avc«k and Da m Saunet 92 384 (1940) 
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inositol deficiency if pantothenic acid is lacking. A relationship top-amino- 
benzoic acid has also been established. In one scries of experiments, 
black rats showed little signs of deficiency when both inositol and p-amino- 
bcnzoic acid were either absent or present, but exhibited tj'pical sjmp- 
toms x\hen cither nutrient alone was eliminated from the diet. 

Because of its similarity in structure both to the carbohydrates and 
to the aromatics, inositol has been designated as a possible physiological 
link between these two classes of compounds. 

Storage and Synthesis of Inositol. The wide distribution and va- 
riety of forms of inositol in animal and plant tissues indicate that it is 
present for some phj’siological purpose rather than merely for storage of 
phosphoric acid or hydroxyl groups. It has been reported that inositol 
may be synthesized by intestinal flora, a process stimulated by the pres- 
ence of pantothenic acid. 

Distribution of Inositol.* 01 In animal tissues, high concentrations are 
found in kidney, heart, spleen, thyroid, and testes. Inositol is found in 
the free form in muscle and other tissues; hence the name muscle sugar. 
In liver and heart muscle it is found combined, probably with a protein. 
Excellent dietary sources are cereal brans and seeds (in the form of 
phytin) and fruits, particularly of the citrus variety. A compound of 
inositol has been found in the phosphatide fraction of the soybean. 

Chemistry of Inositol. meso-Inositol is one of the eight cis-trans 
isomers of hexahydrocyclohexane, one of which occurs in optically active 
forms, making nine in all. It is a sweet-tasting crystalline compound and 
is isomeric in molecular formula with the hexose sugars. It crystallizes as 
the anhydride (M.P. 225°-226°) from water at temperatures above 50° C. 
and from anhydrous solvents. Below 50°, the dihydrate (M.P. 215°- 
216°) appears The molecule is stable to strong acid and alkaline hydroly- 
sis. It is very soluble in water but insoluble in absolute alcohol or ether. 
meso-Inositol is optically inactive. 



mesa-inositol (CeH»0») 


Determination of Inositol. The microbiological method for deter- 
mination of vitamin B 6 , depending on the growth stimulation of Saccharo - 
myces ccrevisiac (p. 1185) or carlsbergensis 10 ' may be used for the deter- 
mination of inositol by simple modification of the basal medium to ex- 
clude inositol and include an excess of pyridoxine. High specificity is 

*** For quantitative data see Woolley J Btol. Chem , 110 , 453 (1941) and 117, 5S1 (1 943); 
Scalock and Lhermore J. Nutrition, 25, 265 (1943); Mollganrd, Lorenzen, Hansen, and 
Christensen* Bioehem. J., 40, 5S9 (1946). 

Ml Atkin, ft al.: Ind Eng Chem , Anal. Ed., 15, 141 (1043). 
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medium The final concentration of choline should lie between 2 0 and 20 
pfl per 25 ml At the same time set up a series of standards having 0, 2, 4, 8, 
12, 16, 20, 25, and 30 Mg of choline per flash Autoclave the solutions at 15 
pounds pressure for 10 minutes, cool, and add 1 drop of inoculum to each 
Incubate at 25° C for 3 days At the end of this period, collect the mold pads 
on tared, fritted glass filters of medium porosity', and wash with distilled 
water Dry in an oven at 90° C and determine the dry weight 

Calculation Prepare a reference cune from the data obtained with the standard 
senes plotting Mg of choline as the abscissa and h eight of dry' mold as the ordinate 
From this curve read off the choline concentration, C, per ml of eluate Then 

CXtX *“ Mg choline per g of sample 
A l) 1 

where I is the v olumo to which the original extract w as diluted, and A is the volume of 
the aliquot which was passed through the ‘Pcrmutit column 

INOSITOL 

Though inositol was long known to be a constituent of heart muscle, 
and of many plants (in the form of phytm the calcium magnesium salt 
of inositol hexaphospbate), its functional similarity to the vitamins was 
not recognized until recently Eastcott* 00 isolated from yeast the factor 
previously known as bios I and demonstrated its identity with inositol 
The biologically active compound is optically inactive (designated 
t inositol or meso- inositol) as distinguished from its biologically inert 
stereoisomers In addition to its role as a yeast growth factor, inositol 
has been identified with the mouse alopecia factor of 'Woolley,* 01 and 
the rat anti spectacled-eye factor of Pavcek and Baum 102 

Physiological Properties of Inositol. Though the metabolism or 
mode of action of inositol has not yet been elucidated, its importance 
in the nutrition of several species has been demonstrated An external 
source is required by some yeasts and fungi, but not by all Young mice 
on a deficient diet suffer an inhibition of grow'th and loss of hair, both of 
which are corrected by supplementation with inositol Growth of a 
transplanted mouse tumor has been inhibited by inositol It is also 
essential for proper growth in the chick and rat The spectacled-eye 
condition in rats due to loss of hair about the ey es is a result of dietary 
deficiency The vitamin also has lipotropic properties for this species, 
but more for the ‘ cholesterol” than the “fat” type of fatty livers 
Inositol stimulates gastrointestinal peristalsis in dogs Though the 
vitamin must be present in the free state to be available to yeast, it is 
readily utilized by the mouse m natural bound forms such as plivtin 
and soy bean cephahn, as well as synthetic methyl inositol and inositol 
hexaarctate 

The metabolism of inositol is related to that of other vitamins It has 
been suggested that pantothenic and regulates absorption of inositol 
from the intestine, for a diet containing inositol produces symptoms of 

tt J Chttn Jl ICKM (Ur'S) 
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toxicity has been reported to be greatly aupnented by the 
admmLratron of the flavonoid dcmativc, hespendm methyl chalcone 
“"creased requirement for vitamin C m man haa been reporter 
Hodgkin’s disease protracted fevers active rheumatic hea ^ 

and tuberculosis In rata the syndics, sand excre‘mn of e^OTblc « 

stimulated by feeding certain cyclic ketones related to the terpei 
certain simple aliphatic ketones »• This increased synthesis may 
related to greater requirements for detoxification purposes T 
ficial effects of vitamin C in the detoxification of other unrelated poi 
have been reported, e g , lead and arsenic compounds, benzene, an 
toxins of several pathogenic microorganisms r „ nmr ed 

Under normal conditions a dietary supply of ascorbic acid is rcqu ‘ 
only by man other primates, guinea pigs, and some microorganisms 
However, the vitamin is essential for the normal dev elopment oi mo 
species, and is produced endogenously, thus resembling a normon 
Interference with the normal synthesis of the vitamin in the b°' u 
species results in the impairment of the reproductive functions of dot 
the male and female Dietary deficiency of vitamin A results in decreasca 
synthesis of ascorbic acid in the rat, though this relationship with vitami 
A has not been observed in mature hens or bulls In the latter species tn 
administration of chlorobutanol stimulates the synthesis of ascorbic aci , 
raises the plasma level and restores fertility in the deficient animals 

The reduction of the blood level of ascorbic acid and the occurrence 
of a scurvylike syndrome in rats on a vitamin A- and C-free diet sugges 
a functional relationship between these vitamins 817 Addition of ascorbic 
acid to the diet prevented or delayed the appearance of symptoms SinH 
lar observations have been reported w foxes 118 That ascorbic aci 
participates in the metabolism of other vitamins as well is indicated by 
its capacity for increasmg the urinary excretion of citrovorum factor l 
rats and human subjects 818 its influence on the storage of folic acid in 
the liver of chicks K ® and its effect of relieving deficiency symptoms o^ 
rats on a ration lacking thiamine, riboflavin, or pantothenic acid 
Synergism betw een ascorbic acid and vitamm A has been noted in the 
rat as well as between C and E in the guinea pig Ascorbic acid enhances 
the growth promoting effect of \itamm A in the rat m a manner similar 
to tocopherol The mechanism may be through stabilization of vitamm A 
in the gastrointestinal tract The administration of vitamin E increases 
the storage of dietary ascorbic acid in the organs of the guinea pig 


i * SuUbcrger and Oser Proc. Soe. EzptL Biol Med 32 716 (1034) See also Bundeaen 
tt al J Am Med Atsoc. 117, 1C92 (1041) McChesney et al J Pharmacol. KZr 
Thcrap 80 SI (1044) 

Ht Friend and Ivy Proc Soe. Exptl Biol Med. 67 374 (1948) 

* * Loneenecker Musulin Tullj and King J Biol Chcm 129 4o3 (1939) 
i j \lajer and Krehl J V ulrilion 35 523 (1948) Arch Btochem 16 313 (194°) 

> * Bassett Loosli and Wilke J N utrUion 35 629 (1948) 

*• Welch et al J Pharmacol Ezjtl Therap lot 37 (19ol) 103 403(1951) 

,r. Dietrich et al Proc Soc Ezptl Bud Mtd 75 130 (19^0) 

an D alt Fed Proc 10 380 (19ol) McDaniel and Daft Fed Proc 10 387 (19ol) 
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The ease with which ascorbic acid undergoes reversible oxidation- 
reduction has suggested that the vitamin plays a role in cellular respira- 
tion. The oxidation of ascorbic acid is catalyzed by ascorbic oxidase, 
found in plant juices. The reverse reaction, the reduction of dehydro- 
ascorbic acid to reduced ascorbic acid, is catalyzed by ascorbic reductase 
(an enzyme found in plant juices ) i3S in the presence of reduced gluta- 
thione. Though no similar enzyme systems have been observed in animal 
tissues, the administration of dehydroascorbic acid to man is followed by 
increased urinary excretion of reduced vitamin C in an amount com- 
parable to that which is excreted when the reduced form of the vitamin is 
fed. It is believed that this reduction occurs in the liver. 

Certain in vitro findings lend credence to the view that ascorbic acid 
functions in vivo in oxidation-reduction reactions. Vitamin C plus minute 
amounts of iron cause a considerable increase in the oxygen uptake by 
phospholipides and by brain and liver suspensions. There is evidence, 
both in vitro and in vivo , that ascorbic acid functions as a coenzyme in 
the metabolism of tyrosine, although the exact nature of this action is 
not fully established.”* A similar role is attributed to folic acid, the 
requirement for which appears to be increased in ascorbic acid deficient 
animals. 

The action of urease, an enzyme which catalyzes the decomposition of 
urea to ammonia and carbon dioxide, is inhibited by vitamin C. This 
inhibition has been found to be due to the presence of small quantities of 
dehydroascorbic acid, and is prevented by cysteine, which reduces the 
dehydro form. Quinone, another oxidizing agent, can inhibit urease 
activity. 

The recommended dietary allowances of ascorbic acid are shown on p. 
1108. Approximately 1 mg. per day per kg body weight is required for 
the maintenance of tissue saturation. These allowances are quite liberal, 
since clinical signs of scurvy do not appear even at considerably lower 
levels of intake. Considerable controversy exists as to the level of dietary 
intake of ascorbic acid necessary to insure adequate operation of the 
manifold functions in which this vitamin plays a role. Hence the recom- 
mendations of the National Research Council (p. 1108) provide fora sub- 
stantial margin of safety. When healthy subjects have been subsisting 
on diets containing the recommended levels of intake for prolonged 
periods, the administration of a test dose of ascorbic acid (400 to 1000 
mg.) is follow ed in the next 24 hours by an increase in the urinary excre- 
tion of from 25 to 50 per cent of the test dose. At lower levels of intake 
for prolonged periods there is a tendency for the body to conserve the 
test dose of the vitamin and lower excretion values are noted, indicating 
that body tissues are unsaturated. 

No toxic symptoms are observed in man following the administration 
of large doses of ascorbic acid. One to 6 g. have been given orally and 
intravenously. Though ascorbic acid has been found in sweat, the amount 
lost through this channel even in excessive physical labor and in hot 


1,1 Crook and Morgan* Btoche in J„ 38, 10 (19-14) ; Bukin. BiocJiimia, 8, 00 (1943). 
* 1]l Bessey, Lowe, and Salomon: .4 mi. Rev. B Cache m , 22, 545 (1953). 
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The ease with which ascorbic acid undergoes reversible oxidation- 
reduction has suggested that the vitamin plays a role in cellular respira- 
tion. The oxidation of ascorbic acid is catalyzed by ascorbic oxidase, 
found in plant juices. The reverse reaction, the reduction of dehydro- 
ascorbic acid to reduced ascorbic acid, is catalyzed by ascorbic reductase 
(an enzyme found in plant juices ) 322 in the presence of reduced gluta- 
thione. Though no similar enzyme systems have been observed in animal 
tissues, the administration of dehydroascorbic acid to man is followed by 
increased urinary excretion of reduced vitamin C in an amount com- 
parable to that which is excreted when the reduced form of the vitamin is 
fed. It is believed that this reduction occurs in the liver. 

Certain in vitro findings lend credence to the view that ascorbic acid 
functions in vivo in oxidation-reduction reactions. Vitamin C plus minute 
amounts of iron cause a considerable increase in the oxygen uptake by 
phospholipides and by brain and liver suspensions. There is evidence, 
both in vitro and in viio, that ascorbic acid functions as a coenzyme in 
the metabolism of tyrosine, although the exact nature of this action is 
not fully established . 323 A similar role is attributed to folic acid, the 
requirement for which appears to be increased in ascorbic acid deficient 
animals. 

The action of urease, an enzyme v Inch catalyzes the decomposition of 
urea to ammonia and carbon dioxide, is inhibited by vitamin C. This 
inhibition has been found to be due to the presence of small quantities of 
dehydroascorbic acid, and is prevented by cysteine, which reduces the 
dehydro form. Quinone, another oxidizing agent, can inhibit urease 
activity. 

The recommended dietary allowances of ascorbic acid are shown on p. 
1108. Approximately 1 mg. per day per kg. body weight is required for 
the maintenance of tissue saturation. These allowances are quite liberal, 
since clinical signs of scurvy do not appear even at considerably lower 
levels of intake. Considerable controversy exists as to the level of dietary 
intake o! ascorbic acid necessary to insure adequate operation of the 
manifold functions in which this vitamin plays a role. Hence the recom- 
mendations of the National Research Council (p. 1108) provide fora sub- 
stantial margin of safety. When health} 7 subjects have been subsisting 
on diets containing the recommended levels of intake for prolonged 
periods, the administration of a test dose of ascorbic acid (400 to 1000 
mg.) is followed in the next 24 hours by an increase in the urinary excre- 
tion of from 25 to 50 per cent of the test dose. At lower levels of intake 
for prolonged periods there is a tendency for the body to conserve the 
test dose of the vitamin and lower excretion values are noted, indicating 
that body tissues are unsaturated. 

No toxic symptoms are observed in man following the administration 
of large doses of ascorbic acid. One to G g have been given orally and 
intravenously. Though ascorbic acid has been found in sweat, the amount 
lost through this channel even in excessive physical labor and in hot 


*** Croot and Morgan* Butch em J,, 38, 10 (1944); Butin. Biochimia, 8, 60 (1943). 
151 Bessej , Lowe, and Salomon: *lnn Rev. Butchtm , 22, 545 (1953) 



1230 Practical I'lirs.moricAI. Ci.fm.strt C1, ’ i> ’’ 

climates is not s.gmficant alien the d.etarj intake approximates the 

reC Stoni£e^and Synthesis of Ascorbic Acid. A, prewonslj stated all 
animal species other than man, monkeys, and guinea > pigs , “ s ^ 
higher plants and many microorganisms arc capable of ljn‘ ™ * 

vitamin C The promptness ruth which scurvy dec elops alien them’- 
ceptible species are depmed of vitamin C would seem to indicate t 
absence of a large store in their bodies In man, a diminished intake 
ascorbic acid results in a prompt fall in the blood level of ascorbic acid, 
though tissue stores maj not jet be depleted Guinea pigs shon to o- 
log,cal svmptoms of ascorbic acid deficiencv after one w eek on a v itami 
C-free diet Higher concentrations of the vitamin are found in tissues ° 
high metabolic activity— eg, the adrenal and pituitary glands anci tn 
intestinal wall It is likely that the vitamin is present in these depots m 
order to meet tissue requirements, rather than for the purpose of storag 
Certain animals which synthesize \itamm C store it in their livers 
sufficient amounts to meet their immediate requirements The fruits anu 
vegetables consumed by man as sources of ascorbic acid represent storag 
depots for plants which synthesize the vitamin 

Distribution of Ascorbic Acid .” 4 The outstanding sources of vitamin 
C are fresh fruits and \egetables Special mention may be made of cab- 
bage, cauliflower, kohlrabi, spinach, parsley, kale, broccoli, cresses, 
peppers, oranges, lemons, grapefruit, tangerines, limes, strawberries 
and gooseberries Other excellent dietary sources are cantaloupe, currants, 
papaya, persimmons, pineapple, asparagus, lima beans, green snap beans, 
and Brussels sprouts Unfortunately , much of the vitamin C original!} 
present in foods is lost through processing so that for practical purposes 
the fruits and vegetables which are consumed raw contribute a major 
portion of the dietary ascorbic acid For economic reasons, these are 
outside the reach of low income groups which obtain their vitamin U 
from the relatively inexpensive potato During the germination of legumes 
as well as of cereal grains, marked synthesis of vitamin C takes place from 
an unidentified precursor within the seed Meat is low m vitamin G, 
although blood and glandular organs contain more than muscle vlilk 
\ anes in its content according to the cow ’s ration and hence the season o 
the year Fresh raw milk is a good source of vitamin C, but most of it is 
lost m pasteurization evaporation, or dehydration Where milk is a 
major constituent of the diet, as it is for children, it is best to provide 
antiscorbutic protection from other sources, e g , orange juice or syn 
thetic ascorbic acid The megaloblastic anemia observed in infants fe 
proprietary milk preparations has been explained as being due to a 
deficiency of folic acid secondary to chronic vitamin C deficiency An 
leaves and flowers of the gladiolus nettle hip, and paprika are excep- 
tionally rich in \ itamm C During World Mar II, rosehips green walnuts 
and w lid cherries w ere used in Europe for the preparation of v itamm 
concentrates 

Chemistry of Ascorbic Acid. Ascorbic acid crystallizes in white 


14 For ascorbic acid values of foods see Appendix III 
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needles or plates having a melting point of 190° to 192° C. One g. dis- 
solves in 3 ml. water, in 50 ml. absolute ethyl alcohol, and in 100 ml. 
glycerol. The vitamin is insoluble in benzene, ethyl ether, petroleum ether, 
and most organic solvents. Ascorbic acid possesses two asymmetric 
carbon atoms The vitamin has a specific rotation [a]p 0 = +21° in water 
and +4S° in methanol. D-Ascorbic acid, which differs from the L-isomer 
only in its configuration about the fourth carbon atom, is physiologically 
inactive. The acidic properties of ascorbic acid are due not to the car- 
boxyl group, which is tied up in lactone form, but to ionization of the 
enol group on the third carbon atom. The vitamin is a comparatively 
strong acid, as indicated by the acidic dissociation constants, pKi = 4.17 
and pKj = 11.57. A one-half per cent solution of ascorbic acid in water 
has a pH of approximately 3. At neutrality, the vitamin has an absorp- 
tion maximum in the ultraviolet region of the spectrum at 2G5 m/x which 
shifts toward the shorter wavelengths with decreasing pH. Ascorbic acid 
is precipitated by lead ion at pH 7.G, but the salt can be rcdissolved in 
mineral acid at pH 2. 

Ascorbic acid crystals are stable in air for years In solution the vitamin 
is easily oxidized, the instability increasing with increasing pH. Mild 
oxidation such as that produced by air, hydrogen peroxide, ferric chloride, 
quinone, iodine in acid or neutral solutions, or 2,6-dichloropheuol indo- 
phenol converts the vitamin to dehydroascorbic acid as shown in the 
reaction below. Dehydroascorbic acid retains the biological activity of 
the vitamin and is reduced in animal tissues, a reaction in which sulf- 
hydryl compounds like glutathione play an important part. The reduc- 
tion of the dehydroascorbic acid may be accomplished in utro by means of 
hydrogen sulfide. Above pH 5 dehydroascorbic acid readily undergoes a 
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rearrangement in which the lactone ring is split. ' T 'he product, diketo- 
gulonic acid, is no longer biologically active and is not reducible by 
hydrogen sulfide. Tieatment with hydrogen iodide, however, converts 
this compound to dehydroascorbic acid, which may subsequently be 
reduced with hydrogen sulfide to ascorbic acid. Once the lactone ring 
has opened, the molecule readily undergoes further oxidation and may be 
degraded to oxalic acid. The oxidation of ascorbic acid by molecular 
oxygen is catalyzed by cupric and silver ions. Plant tissues contain 
several enzymes, including ascorbic acid oxidase, polyphenol oxidase, 
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DETERMINATION OF ASCORBIC ACID 

Chemical methods for the determination of vitamin C are based, for 
the most part, upon the reducing properties of the vitamin. These 
procedures include titration of an acid extract with iodine, methylene 
blue in the presence of light, 2,G-dichlorophenol indophenol, or other 
oxidizing agents. Various acids have been used for the extraction, includ- 
ing acetic, trichloroacetic, metaphosphoric, and oxalic. The latter two 
acids serve not only to reduce the pH of the extracting medium, thereby 
stabilizing vitamin C, but also to form complexes with metallic ions, 
e g., copper, thereby preventing the catalytic oxidation of the vitamin. 
Titration with an oxidizing agent is not a specific reaction: other reducing 
materials interfere, e.g., stannous and ferrous sulfate, sulfhydryl com- 
pounds, sulfides, thiosulfates, and reducing materials fouud in caramelized 
and fermented foods. Errors arise particularly in food products because 
of the presence of reductinic acid and reductones Actually, reductone is 
hydroxypyruvic aldehyde, a compound formed by the alkaline hydrolysis 
of sugars. Reductinic acid is formed when pentoses are treated with 
acids. The terms reductone and reductinic acid, however, have been 
used rather loosely to signify other reducing compounds formed during 
heat-processing and storage of foods. 

Numerous attempts have been made to increase the specificity of the 
oxidation-reduction methods, particularly that employing the 2,6-di- 
chlorophenol indophenol dj'e. A number of these are based on the fact 
that ascorbic acid reacts very rapidly with the oxidizing agent whereas 
many of the interfering substances react more slowly. The simplest ex- 
pedient for increasing the specificity is to conduct the titration very 
rapidly, though it presents little improvement over the original method. 
A more satisfactory procedure involves measurement of the rate of 
reaction by means of a photoelectric colorimeter. When observations are 
made five and ten seconds after mixing the ascorbic acid solution with the 
oxidant, and the values are extrapolated to “zero-time,” the determina- 
tion possesses sufficient specificity for vitamin C in most food products. 

Modifications of the indophenol titration have been aimed particularly 
at eliminating the interference of reductones and reductinic acid These 
compounds are similar to vitamin C in structure, stability, and chemical 
reaction. Like ascorbic acid, their oxidative destruction is catalyzed by 
copper and by ascorbic acid oxidase. A number of procedures for eliminat- 
ing their interference involve condensation of the reducing substances 
with formaldehyde, which eliminates the reducing properties of ascorbic 
acid, reductones, and reductinic acid; but the interfering compounds 
may be differentiated from the vitamin by conducting the condensations 
at different pH levels. 325 There is no doubt that these procedures increase 
the specificity of indophenol titration, though the interference of reduc- 
tone or reductinic acid is not completely eliminated. Moreover, errors 
arise because the procedures fail to take into account the presence of 


*»L«gg* Nat it re, 150, 577 (1942); Australian J. Exptl. Biol Med Sci , 20, 273 (1942); 
Mapson: Nature, 152, 13 (1943) 
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materials nlmh ifTcct tic rate o! combination of icvcorlnc and with 
formaldehx de * * # 

One method of improxing the sptcificitx of the determination oi 
vitamin C inxoHtd the destruction of a corin' and xvith acerbic and 
oxidate thereby pro\ iding a Wank correction value* Thin procedure 
however is fa-«l on the asumption that the action of worlie icm 
oxida- c is specific for vitamin C , w h'reas rcductoncs arc al o d<M ro> cd 1 
Natural pigments and stubborn turbi lilies frequently interfere with the 
determination of vitamin C Scxcral modtf cation* of the indophenol 
methods max eliminate thoc interferences since thex in\ olx e extraction 
of the excess of unreacted dxc with organic solvents (eg xxlene) im 
mwitilc xvith water * * 

Dehxdroascorbicacid the rexer* blx oxidized biologicallx actixeform 
of vitamin C does not po*se«s redu(in„ prop'rtics ‘■once this form of the 
xitamm is frequently present in considerable proportion in proceed 
foods ” 4 it mu®t fird be reduced before it can lie determined with oxidiz 
ing agent® Hydrogen *ullide has been u=ed most frequently for this pur 
po“« but this reagent has been criticized on the ground tliat it creates 
other reducing material* which interfere with the procedure Tins objec- 
tion is xalid when simple titnmetnc methods are emploxcd for the de- 
termination of xitamm C Howexer little interference arises from tin* 
source xvhen the photometric method mxolxing measurements at fii** 
and ten seconds is employed Other methods for reducing the delndro- 
astorbic acid haxe been «ugge«ted but are not widch emploxcd Thc-e 
include the reduction of the oxidized xitamm by a resting suspension of 
E coli™ and by electrolytic reduction 11 

Dehy droascorbic acid and its inactix c oxidation product dihetogulomc 
aud couple with 2 4-dmitrophenxIhx drazine to yield an osazone which 
gixes a red color with strong sulfuric acid B\ means of appropriate oxida 
tion and reduction reactions Uoe and his associates*” haxe adapted the 
dimtrophcnx Ihy drazine reaction to the measurement of reduced and de- 
hx droascorbic and.-, (both biologically actixe) as well as dihetogulomc 
acid This permits estimation of the extent to which the original xitamm 
C content of foods has undergone oxidation Since fresh or w ell proven, ed 
foods uf-ualU contain less than o per cent dihetogulomc acid 1,4 the 
dimtropheny lhx drazine method is usually used m its simpler form 
adapted to the measurement of onh the liologicalK actixe forms of 
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ascorbic acid. If oxidation during processing or storage is suspected, 
failure to account for chhctogulonic acid may lead to serious errors 335 336 
The determination of ascorbic acid in blood and urine is employed in 
the diagnosis of clinical and subclinical vitamin C deficiency. These 
values fluctuate widely even in normal individuals depending upon the 
ascorbic acid intake just prior to the test. For this reason blood tests are 
conducted preferably when the subject is in a fasting state. A serum or 
plasma level greater than 0.7 mg. per 100 ml. is regarded as normal 
whereas values less than 0.4 mg. are observed in scurvy. Some clinicians 
set 1.2 mg per 100 ml. as the minimum normal level. Individuals in a 
normal state of nutrition excrete from 20 to 50 mg of ascorbic acid when 
fed a diet containing 100 mg per day. Since both blood levels and urinary 
excretion values depend upon the ascorbic acid intake for one or two 
days prior to the test, a more satisfactory index of ascorbic acid nutrition 
may be obtained by measurement of the response of the subject to a large 
dose (500 to 1000 mg.) of ascorbic acid. Saturated subjects excrete ap- 
proximately 25 to 50 per cent of the test dose in 24 hours, and show a 
continued high blood level for hours following dosage In one saturation 
test, an excretion of 20 mg of ascorbic acid in the four-hour period follow- 
ing the ingestion of 200 mg is regarded as normal. 

Plasma ascorbic acid values fall very rapidly when a deficient diet is 
consumed, though tissue stores including those of blood cells have not yet 
become depleted It has been suggested that the ascorbic acid content of 
the leukocytes or of whole blood 5 * 7 is a better index of the state of vitamin 
C nutrition of the tissues than the blood plasma level. Oxyhemoglobin 
interferes with the determination of ascorbic acid in whole blood by 
oxidation-reduction procedures unless it is saturated with carbon mon- 
oxide 337 or reduced 3,8 The 2,4-dinitrophenylhydrazine method (see p. 
1237) is suitable for determination of ascorbic acid in whole blood 

One procedure intended for clinical diagnosis of ascorbic acid deficiency 
is based on intradermal injection of 2,G-dichlorophenol indophenol fol- 
lowed by measurement of the rate of decolonzation of the dye 339 

Modified Titrimetric Method of Besse y:**° Principle . The method depends on 
the stoichiometric reduction of the dye 2,6-dichlorophenol indophenol to a colorless 
compound by ascorbic acid The titration is conducted in the presence of acetic and 
metapliosphonc acids in order to inhibit aerobic oxidation catalyzed by certain 
metallic ions, to inactivate enzymes, and to precipitate proteins and liberate protein- 
bound ascorbic acid A modification of this method is based on the addition of an 
excess of the dye and measurement of the unreacted portion In the presence of inter- 
fering pigmentation or turbidity, the dye can be remosed by xylene extraction and 
rend m a photometer 1,1 It is necessary hoc ever, to guard against the extraction of 
\ylcne-solublc pigments present in some heat-processed foods, and certain non-i lta- 
min-C substances (e g , betanin of beets) which react with the dye 


*" Penney and Zilva* Biochem J , 37, 39 (1943) 

'•* Pijoan and Gerjovieh Science, 103, 202 (1946) 

m Butler and Cushman J. Clin Investigation, 19, 459 (1940): Roe and Kuether. lac c\t 
*** Kuether and Roe Ptoc Soc Exptl Biol Ved , 47, 4S7 (1911) 

,n Redds and Sastrj Indian Med Gas , 76, 476 (1941). 

Boaaej J Assoc. Official Agr. Chem , 27, 537 (1944). 

1,1 See footnote 329, p 1234 
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Procedure Macerate an aliquot of the sample containing 5 to 50 mg ascor 
bic acid with 150 ml metaphospboric-acetic acid solution* 4 * in a ttaring 
Blendor Dilute to 200 ml and filter Titrate a 10- to 100 ml aliquot with 
standard indophenol solution 

Preparation of Standard Indophenol Solution Dissolve 42 mg sodium b! 
carbonate and 52 mg sodium 2,6-dichlorophenol indophenol In 50 ml water 
Dilute to 200 ml Filter and store in the refrigerator not more than three da> s 
Dissolve 100 mg crystalline ascorbic acid in 100 ml metaphosphonc-acetic 
and solution Dilute a 10 ml aliquot with 2a ml metaphosphoric-acetic acid 
solution, and titrate with mdopnenol solution until the pink color persists 
for 5 seconds Calculate and express tbe strength of the indophenol solution 
as mg ascorbic acid equivalent per ml reagent Repeat tbe standardization 
each daj with a freshly prepared standard ascorbic acid solution 

Carcc ration Calculate the ascorbic acid content of the 'ample using the formula, 

1 XSXD = mg. ascorbic acid per g of sample 

where 1 is ml. of dj e used to titrate the unknown S us the standardization value 
expressed in mg ascorbic and per ml and D is the dilution factor 

Interpretation. The «unple titnmetnc method is applicable to the 
determination of ascorbic acid onlv in tbe absence of other reducing ^ub- 
•dances and v.bere onl\ tbe reduced form of the vitamin is present Thus 
it may be applied to fresh orange grapefruit, lemon lime, or tomato 
juice and to some pharmaceutical preparations For heat processed ma 
tenals and other foods it is necessary to eliminate interfering substances 
and to determine the re\erably oxidized, biologically active form of tbe 
vitamin, deby droascorbic acid Ferrous ion reduces the dy e in the pre-ence 
of metapho-phone acid Pharmaceutical preparations containing reduced 
iron may be titrated in 8 per cent acetic acid solution free from meta- 
pbospbonc acid. On the other hand, feme ion interferes with the end 
point m the ab-ence of metaphor-phone acid hence the metapho-phonc - 
acetic acid mixture should be employed as tbe titration medium when 
testing pharmaceutical preparations containing oxidized iron 241 


Chap 35 Vitamins and Deficiency Diseasfs 1237 

filtrate in a test tube, add 1 drop 10 percent thiourea solution, and 1 ml. 2,4- 
dlnltrophenjlhjdrazlne reagent.* 18 Place the tube in a water bath main- 
tained at 37° C. for exactly 3 hours. Remove and place in an icc-water bath 
along with a blank tube containing 4 ml. of “Norit” filtrate and 1 drop 
thiourea solution. To each tube in the bath add dropwise 5 ml. 85 per cent 
sulfuric acid* 17 with stirring. Finally add 1 ml. 2,4-dinitrophenylhydrazine 
reagent to the blank. Remove the tubes from the bath and allow to stand 30 
minutes. Read the colors in a photoelectric colorimeter with a filter trans- 
mitting maximally at 540 mp, setting the instrument at 100 per cent trans- 
mittance with the blank tube. 

Calculation. Prepare a calibration curve by testing 4-ml aliquots of appropriate 
standards containing 0 25-15 0 pg ascorbic acid per ml carried through the entire 
procedure Plot photometric densitj against pg ascorbic acid per ml From the cur\ e, 
estimate the ascorbic acid concentration of the “Nont" filtrate of the unknown and 
multiply this by the dilution factor to obtam the ascorbic acid content of the sample 

Interpretation. The 2,4-dinitrophenylhydrazine procedure measures 
total ascorbic acid. This may be partitioned into the reduced and dehydro 
forms by including a simultaneous test in w hich the "Norit” treatment is 
omitted The latter procedure measures only dehj droascorbic acid The 
reduced ascorbic acid content is obtained by difference Reductones, 
degradation products of sugars, and diketogulonic acid interfere with the 
determination of ascorbic acid by this procedure 

Determination of Ascorbic Acid in Whole Blood, Plasma, or Urine: Method 
of Roe and Kuether. Ui 

Procedure. Add 5 ml. whole blood or plasma, dropwise with stirring, to 
15 ml. 6 per cent trichloroacetic acid in a 50-ml. centrifuge tube. Stir to 
obtain a fine suspension. Allow to stand 5 minutes, then centrifuge. Add 
0.75 g. acid-washed “Nont” (see above) to the clear supernatant solution, 
and shake vigorously. Filter. Test 4-ml. aliquots by the 2,4-dimtrophenyI- 
hydrazine procedure as directed above. 

To 2 ml. urine, add 38 ml. 4 per cent trichloroacetic acid solution. (A 
greater dilution should be made if the sample is expected to contain more 
than 300 mg. ascorbic acid per liter.) Add 1.5 g. acid-washed “Norit” (see 
above), shake vigorously, and filter. Test 4-ml. aliquots by the 2,4-dinitro- 
phenjlhydrazine procedure as directed above. 

Photometric Method of Hochberg, Melnick, and Oxer.* 1 * Principle. Ascorbic 
acid is determined in the presence of other reducing substances b> photometric 
measurement of the rate of decolonzation of the dye 2,6-dichIorophenoI indoplienol 
Dehydroas corbie acid is determined after reduction by hydrogen sulfide 

Procedure. Conduct all manipulations under an atmosphere of nitrogen 
and make all extractions and dilutions with solutions previously deaerated 
with a stream of nitrogen. Homogenize the sample with an equal weight of 
6 per cent metaphosphorlc add solution.** 0 (Fresh vegetables and materials 


* 48 Dissolve 2 g 2 4-dimtrophenj Ih> drarine in 100 ml 9 N sulfuric acid and filter 
447 To 100 ini distilled water, add 900 ml concentrated sulfuric acid sp gr 1 84 
141 Roe and Kuether loc at 

m Hochbcrg, Melnick and Oser Ind Eng Chtm , Anal hd , 15. 1S2 (1943) 

459 Met a plio«phonc acid changes slowlj m solution to ortho phosphoric acid The extract- 
ant should be stored in the refrigerator where it is stable for several weeks 
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containing active oxidases shouid first be blanched by adding the sample 
directlj to boiling 6 par cent metaphosphoric acid. After boiling for 5 min- 
utes, cool and homogenize.) Dilute to a convenient volume with 3 per cent 
metaphosphoric add. Shake mechanically for 15 minutes, then centrifuge. 
To 50 ml. of the clear supernatant fluid, add 14 ml. of citrate solution. 1 * 1 
Measure reduced ascorbic acid in this aliquot as directed below. 



lie 231 Piiet Used 
for Adoitios or As- 
corbic Acip 1 Jr TRACT 
TO Dye Solltiov. 


Convert dehydroascorbic acid to the reduced form 
by treating the metaphosphoric-cltric acid extract 
with a slow stream of hjdrogen sulfide for 20 min- 
utes. Allow to stand for 2 hours, then flush out the 
hydrogen sulfide with a vigorous stream of wet ni- 
trogen (bubbled through water) for 2 hours. 

Colorimetric Measurement. Determine the volume 
of extract necessary to decolorize 15 ml. 2,6-dichloro- 
phenol indophenol solution. 141 To obtain optimal 
concentration for measurement in a photoelectric 
colorimeter, dilute this volume of extract to 30 ml. 
with metaphosphonc-citric acid solution.* 41 

Place a colorimeter tube containing 5 mi. of stand- 
ard dye solution in the instrument. Add 5 ml. of the 
diluted extract from a rapid delivery pipet 11 * (Fig- 284) 
and measure the residual photometric density 144 5 
and 10 seconds later. Determine the blank absorption 
of extraneous pigments In the extract by adding 
a few crystals of ascorbic acid to completely de- 
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Interpretation. This photometric method measuies both reduced and 
dehydroascorbic acid. Appreciable concentrations of the latter are fre- 
quently found in processed and stored foods. The method is applicable to 
the determination of ascorbic acid in the presence of other reducing ma- 
terials, which interfere minimally in this procedure. 

BIOLOGICAL METHODS 

Because of its nondependence on a dietary source of ascorbic acid, 
the rat cannot be used for vitamin C assay. The animal employed is the 
guinea pig, since it is extremely sensitive to the lack of this factor in the 
diet. The techniques used are based either on the determination of the 
minimum dose necessary' for protection against or cure of gross scorbutic 
symptoms, 354 or on the histological examination of the incisor teeth 857 
after a test period of 14 days The latter method requires equipment not 
always available in nutrition laboratories, though it has proved satis- 
factory for the determination of minimum protective dose where large 
enough groups are used to compensate for variations encountered. About 
twee as much ascorbic acid is required for protection of the dental pulp 
of guinea pigs as for prevention of gross scurvy. 358 The histological method 
has the advantages of high specificity and a short test period. Neverthe- 
less, because of the special facilities required it has not been as widely 
used as the procedures based on prophylaxis or cure of gross symptoms. 

The minimum daily allowance of a food which provides a guinea pig 
with complete protection from scurvy' is a measure of its vitamin C 
potency. It has been suggested by Sherman, La Mer, and Campbell that 
by rating the pathological effects obserxed in the living animal and at 
autopsy, the fraction of complete protection afforded by subminimal 
doses may be estimated. While this method allows more animals to be 
considered in interpreting a given experiment, considerable experience is 
required m diagnosing and scoring the extent of the lesions. 

ASSAY FOR VITAMIN C 

Biological Method of Sherman, La Mer and Campbell. Guinea pigs, 6 to 8 
weeks old and weighing from 250 to 300 g., are fed ad lib. the following scurvy- 
producing diet:* 5 * 


*** Sherman, La Mer, and Campbell J. Am Chem Soe , 44. 165 (1922); Coward and 
Ivassner Btoehem J , 30, 1719 (1936) 

117 ITojer Bnt J Exptl Path , 7, 356 (1926), Goetlsch Quart J Pharm , I, 16*? (1926), 
Ivej and Elphick Bicchem J , 25, SSS (1931), Fish and Harm Proc Roy. Soe London, 
223, 4S9 (1933). 

*** Eddy Am J Pub Health. 19, 1309 (1929). 

Diets containing fat must be prepared fresh weeklj , as guinea pigs reject rancid food 
Other scorbutigemc diets which have proved useful are 

(o) Cambridge Nutrition Laboratory (Harm et al ) Bran SO oats 720 dried egg j olfc 40 
salts S 4, codhver oil 1 

(6) Domole Z VttammJ orach , 3, S9 (1934) Rolled oats 2 kg , dried w hole milk 1 kg. 
(previously dried at 120° C for 2 hr ). Mix and make into paste with w lutes of 0 eggs and 
water Mold into cakes 5 cm diam and bake 20-25 min on a tin greased with olive oil 
Supplement with 0 2 ml codliver oil w ceklj . 

(e) Purina Rabbit Chow (Purina Mills, St Louis, Mo ) produces scurvy in guinea pig* 
unless supplemented with a source of ascorbic acid 
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Ground whole oats* 80 
Heated nonfat milk solids’ 81 
Fresh butterfat’ 8 * 

Salt 


This diet may be reinforced with yeast and codllver oil 



I- 10 28a Scojibctic Guinea Pig Showing Scum y Position 


In order to provide assurance of the health of the guinea pigs and their 
capacity to grow, a short preliminary period may be Included during which 
some source of vitamin C Is fed, such as a leafy vegetable or orange Juice 

Following this period the food to 
be assayed is fed In graded doses 
as the sole source of vitamin C 
Feed 0 5 ml 0 1 per cent ascor- 
bic add or 5 ml orange or lemon 
juice to positive control animals 
as a supplement 

In the absence of antlscorhutlc 
vitamin, growth ceases In about 
2 weeks, and a rapid decline In 
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tic postmortem findings are apt to be more pronounced when the deficiency is 
not quite complete, because the lesions have time to reach an exaggerated 
state These findings Include hemorrhages (which maj be subcutaneous, in- 
tramuscular, or Intraabdominal), looseningof the teeth, fragility of the bones 
and teeth, and enlargement of the costochondral junctions of the ribs 
(beading) 

Supplying a source of vitamin C to a guinea pig In even an advanced state 
of scurvy usually will bring about prompt recovery, unless intercurrent 
disease has set in About 0 5-0 6 mg Is required dally for complete protection 
or cure 

The vitamin C content is calculated from the minimum dally allowance 
which affords complete protection from scurvy to a standard guinea pig, as 
above described Comparison of this dose w Ith the corresponding allowance of 
the crystalline L-ascorbic acid enables one to express the result of the blo- 
assay on a mg basis instead of In now obsolete International Units The 
International Standard is crystalline L ascorbic acid, of which 0 05 mg 
equals one International Unit of vitamin C 

BIOFLAVONOIDS 

In 1936, Szent-Gyorgy 364 prepared an extract from paprika and sub- 
sequent!} from citrus juice, which he claimed to have value bejond that 
of ascorbic acid m reducing capillary bleeding in man and in guinea pigs 
The name \ itamm P was applied to this factor in the belief that it was a 
dietary factor necessary for the maintenance of normal capillary permea- 
bility Interest in various hemorrhagic conditions which do not respond 
to vitamin K or ascorbic acid has led to widespread investigation of con- 
centrates high in the activ e permeability factor 

Physiological and Clinical Aspects of Bioflavonoids. Although 
the literature is confusing on this point, a distinction should be drawn 
betw een capillary fragility caused by a change in the structural integrity 
of the capillary walls (e g , loss of intercellular cement substance as in 
scurvy) and increased permeability without apparent tissue damage 
Clear differentiation is not possible in the usual tests based on subcu 
taneous petechial hemorrhage induced by negativ e pressure 

Cumulated evidence has demonstrated the existence of a considerable 
number of flavonoid or related compounds having the protective effect 
on capillary resistance associated with v itamm P activity Some of the 
preparations used in animal and clinical studies, e g , citrin, are actually 
mixtures of only partially identified compounds Effective doses vary 
over a wide range In new of such considerations it is believed that the 
activity of the flav onoids is a pharmacological one rather than a specific 
physiological function for which a dietary factor is essential Since con- 
tinued application of the term “vitamin P” to one or another of these 
poly phenolic substances would lead only to confusion, it was recom- 
mended 365 that the term be no longer employed The term “bioflavo- 
noids” has been proposed for this class of compounds 366 

Scarborough 387 describes the characteristic syndrome of petechial 

51 * Szent G} orgj and Rusmj ilk \ afire 158 °7 (193G) 

’“Joint Committee on Vomenclature American Society of Biological Chemists and 
American Institute of Nutrition Sctenee 112 62S (19o0) 

• st Oser cited b> Brjant J 4 m Pharm Assoc 39 480 (1950) 

mt Scarborough cl at Biochcm J 33 1400 (1939) Lancet 3 610 (193S) 044 (1910) 
Sdxnbi rgh Ved J SO 85 (1943) 
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bleeding as accompanied bj pain across the shoulders and in the legs, 
lassitude and undue fatigue, low capillar} resistance, slightl} prolonged 
bleeding time, and low serum calcium The bioflav onoids are effective in 
relieving this sjndrome but pure ascorbic acid is not 

It has been postulated bj the French v\ orkers ,ts that epinephrine is 
the compound directly responsible for the maintenance of capillar} 
integrity and that the protectiv e action of the bioflav onoids is an indirect 
one, based on their inhibitor} effect on the oxidation of epinephrine 
(demonstrable both tn tnro and in vitro) Certain flav onoids have been 
shown to produce a fall m arterial blood pressure m animals” 9 and to 
inhibit h> aluromdase* 70 and histidine deearboxjla c e, J71 but whether 
these effects are causally related to capillar} resistance, and how , hav e 
not been established 

There is conflicting evidence in the literature regarding the clinical 
v aluc of these compounds, which probabl} results from the fact that there 
are man} factors responsible for the maintenance of normal capillar} 
resistance Clinical methods of measuring capillar} fragiht} are inade- 
quate because of diurnal variations and differences in “mb cutaneous 
capillary beds m different areas of the bod} The dosages emplo}ed 
clinically depend upon the punt} of the extracted flav ones, the ciystal- 
hnc gl} cosides have been administered in divided dosage in the order of 
50 to 150 mg per da} 

Occurrence of the Bioflavonoids. Citnn or similar gl} cosides having 
bioflavonoid activity have been isolated from paprika, juice or peel of 
citrus fruits, buckw heat, black currants, cured tobacco, and the leav es of 
a wide vanct} of plants 

Chemistry of the Bioflavonoids Most if not all of the active flavo- 
noids occur in nature as gl> cosides, either alone or m combination 
Citnn from lemon peel is said to be a mixture of the flav onone gl} costdes, 
hespcndin and enodictm (the corresponding agl} cones being he=peretin 
and enodict}ol, respectiv cl} ) although its exact composition has not 
been clearl} established The relation of flavanones and flavonols to 
the parent nucleus of flav one (2 phenv 1-1 ,4-benzopyrone) is shown b} 
the foliomng structural formulas 
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Flaionoids 

Xncleus 

Substituents 

.Posihons 

Eriodictjol* 

Davanone 

4 (OH) 

5, 7, 3', 4' 

Hcspcrotin* 

Tlavanone 

3 (OH) 

5, 7, 3' 



1 (OCII,) 

V 

Hesporulm 

Flavonone 

2 (OH) 

5, 3' 



1 (OCHs) 

4' 



Glucorhamnosc 

7 

Rutin 

Flavonol 

4 (OH) 

5, 7, 3', 4' 



Glucorhamnoso 

3 

Quercetin* 

Flavonol 

4 (OH) 

5, 7, 3', 4' 

Quercetrin 

Flavonol 

4 (OH) 

5, 7, 3', 4' 



Rhamnose 

3 


* Aglj cones 

Certain chalcones, i e., compounds resulting from the opening of the p y- 
rone ring at the 1-2 position, are active, as are also catechin (not to be con- 
fused with the dihydiic phenol catechol) and its stereoisomer epicatcchin. 



O 

Opened ring of Catechin 

chalcone nucleus 
(cf. Flavone) 

Determination of Bioflavonoids. The varied chemical structure of 
naturally occurring bioflavonoids and their active derivatives has mili- 
tated against the possibility of a chemical assay correlated with the 
specific type of biological activity However analytical methods have 
been described for flavonoids in certain plant or animal tissues The 
biological assay is based upon the observation of petechial hemorrhages 
under controlled conditions similar to the procedure employed for the 
diagnosis of “vitamin P” deficiency in man. Bacharach, Coates, and 
Middleton 372 have described a guinea pig assay in which crystalline 
hesperidin is used as the reference standard. The critical petechial 
pressure is determined from the negative pressure required to produce 
hemorrhages when a suction cup, furnished with a glass window for 
visibility, is applied to the prepared area of skin. 

VITAMIN D 

Early in the history of vitamins, antirachitic activity was ascribed to 
fat-soluble vitamin A, but the work of McCollum and his collaborators* 73 


Bacharach, Coates, and Middleton* Biochcm. J., 36, 407 (1942); See also Bourne: 
Nature, 152. 659 (1943). 

*»* McCollum, et ai J. Biol Chrm , 50. 5 (1922); 51. 41 (1922); 53, 293 (1922). 
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established the distinction between the growth-promoting, antiophthal 
mic vitamin A and the antirachitic factor to which the name vitamin JJ 
was assigned The specific role of this vitamin in the prev ention and cure 
of rickets (rachitis) is integrated with the metabolism of calcium and 
phosphorus, in fact, in some species, e g , the rat, the absence of vitamin 
D from the diet does not result in rickets unless the normal dietary ratio 
of Ca P is disturbed A condition analogous to human rickets ma> be 
produced experimentally in this species by feeding a diet high in calcium, 
low in phosphorus, and free from vitamin D On a low-calcium, high- 
phosphorus diet, the bones develop an osteoporotic condition resembling 
osteomalacia The function of vitamin D anpears_to be to mobiliz_e these 
mliMfvinr oIoith iitsTsoas toinnko possible their most efficie nt utilization 
'.PT wr' Tihpri the 1<3 p vuleouate or disproportionate, it has 

1>een shown that even lfcalcium and phosphorus are led in proper quan- 
tity and ratio, the absence of vitamin D, especially if prolonged, mil 
result in poorer calcification of the bones than obtains under normal 
conditions * 74 

Mild cases of rickets are often unrecognized, though they are quite 
prevalent, and may not have serious consequences until later years The 
work of Jeans and his associates has emphasized that the requirement of 
vitamin D for optimum growth exceeds the antirachitic requirement 
Rickets in its more severe manifestations is seen more frequently among 
urban children of poor economic status In regions where sunshine is 
prevalent and customs permit bodily exposure the disease is of rare 

1 occurrence In India rickets is less common among the poor who live an 
outdoor existence than among the wealthy who observe the nte of 
seclusion ( purdah ) 

Physiological and Clinical Aspects of Vitamin D. Rachitic bones 
are characterized by a lower content of mineral matter and an apparent 
oujrgrowtli of osteoid cartilage in consequence of which normal rigidity is 
absent The sequelae of this condition in children are misshapen bones 
(c g , bowlegs), epiphyseal enlargement (e g knock-knees and beading of 
the ribs, the “rachitic rosary”), delayed closure of the fontanelle, retarded 
eruption of the teeth, disturbances of respiration due -deformity of the 
thoracic cavity (pigeon breast) etc In later life, difficult childbirth maj 
be encountered because of pelvic deformities The changes in bone com- 
position are illustrated in the table on p 1245 

The calcium phosphate compound in all bones, normal or rachitic, 
appears to bo Caj(PO«)i which in the normal adult rat is accompanied by 
CaCO* to the extent of about 15 per cent of the total calcium * 75 The ratio 
of tertiarj phosphate to carbonate is reduced in the rachitic animal 
Prom c\ idcncc based partl> on solubility product studies it has been 
suggested that primary calcification differs in composition from old 
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Composition of Normal and Rachitic Bones (Sciiabad) 378 
(in i*fr cent of dry fat-free m viter) 


Done 

11 ater 

Ash 

Organic 

Matter 

Calcium 

Phos 

phortis 

Rib 

1 Normal 

14 4 32 9 

40 2-46 6 

26 9-39 1 

15 5-18 1 

5 4 8 3 

Rachitic 

42 4-66 4 

7 9-32 0 

20 7-22 4 

3 0-12 0 

14 5 6 

Occiput 

Normal 

13 0-16 1 

47 6-51 7 

32 2-36 5 

18 8-19 9 

7 9-9 0 

Rachitic 

29 0-35 9 

34 3-40 6 

26 1-31 6 

13 6-17 2 

6 0-7 8 


bone 577 Refractn e index and x-ray studies show that the solid inorganic 
phase of bone consists of minute crystals which are normally oriented 
lengthwise along the bone, but m rickets the cement substance (collagen) 
is broken down and the x-ray diffraction pattern indicates a disoriented 
crystalline structure 378 

Many suggestive facts are known, but no complete explanation of the 
mechanism of vitamin D activity is available The diminished retention 
and altered paths of elimination of calcium and phosphorus m rickets 
(illustrated in the table on p 124G) provide the basis for the conception thai 
vitamin D acts bv promoting the. absorption of calcium and phosphor us 
from the small intestine ~A causal relation between the intestinal pH 
(probably only in the cecum and colon) and the retention of the calcify- 
ing elements is suggested by the greater alkalinity (and hence the pre- 
cipitation of calcium salts) in rickets, but it is not know n which of these 
is the determining factor and, if it is the former, what ultimate mecha- 
nism is responsible for its alteration in rickets While the effect seems to be 
mediated through an increase in permeability, vitamin D does not appear 
to influence the excretion of calcium into the intestine, except indirectly 
Vitamin D is claim ed to increase gastri c secretion and thus facilit ate 
calcium, n hsornt inn 1 lik glbii ncT mmked blood sugar tolerance curve after 
vitamin D adnumsTration is also suggestive of an effect on intestinal 
absorption 

A significant agent in ossification is the enzyme alkaline phosphatase 379 
This enzyme occurs m bone, ossifyung cartilage, the kidneys and intes- 
tinal mucosa, and m low concentration (5 to 15 units per 100 ra! ) in 
blood By hydrolyzing phosphoric acid esters in bone it liberates mor- 


• • Prepared bj Orgler (Ergebntiae tn« Sled Ktnderhetlk 8 142 (1912)) from the data 
of Schabad (4rcA Ktnderhetlk 52 47 (1909) 53 3S0 (1910) 54 83 (1911)) and cited by 
Hess (see Bibliography p 1296) 

* ,T Kramer and Shear Proc Soc Exptl Btol Wed 25 141 and 2S5 (1927 28) 

•i* Taylor and S heard J Btol Chem 81 4 9 (1929) Clark and Mrgudich Am J 
Phystol 108 74 (1934) 

«» Robison et nl Btoehem J 17 286 (19*>3) 18 ~40 and 1354 (lO'M) 19 153 (19*>5) 
20 847 (19*>6) 23 767 (1929) 24 1922 and 1927 (1930) Ka> Btoehem J 20 791 (19°6) 
22 8o5 (19°S) J Biol Chcm 89 235 and 249 (1930) 
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nnie phosphate uhich modifies the calcium and phosphate ion con 
centrations to the extent that the solubihtj product is exceeded and 
excess calcium phosphate is deposited The optimum pH range of alkaline 
phosphatase is 8 4 to 9 4 # 

The fact that phosphatase is concentrated in the ossifying centers ot 
hone cartilage c\cmn nekets would tend to indicate that in this disease 


Tablf Showing Retention and Elimination of Ca and P in Rachitic Rats 
and During Healing* 

(averages of four rats expressed on the basis of one rat per period) 



Calcium 

Piiosphorus 

2 mods 

1 

Distribution 
(per cent of tnlale) 

Into) e 

mg 

Distribution 
(per cent of tnlal e) 

Inlaf e 
mg 


Excreted J 

Detained 

Excrete 1 


■ 


Urine 

Feces 


Urine 

Feces 

I 

(R ekets) 



B 

72 3 

10a 

30 2 

0 0 

03 8 

II 

(Healing) 

103 

47 2 

E- 

52 1 

159 

39 0 

20 5 

39 9 


* From tin put 1 <i) ed data ot ta ned in the een or author s laboratories S milar observa 
t oni are reported b> St ohl Bennett and Weed J Biol Chem 79 2o7 (1928) 

Per od I A 5-daj period in the fourth week of a h gh Ca low P rachitogen c diet 
Per od 11 A 5-da> per od dur ng the succeeding week after tl e Ca P ratio was d min 
is! ed b> sutnt tut ng CallPOi 2IIiO for CaCOi 


the supplj of substrate maj be at fault In nekets there is not onlj over 
production of osteoid matnx but also proliferation of cartilage cells 
which are an abundant source of phosphatase The small amount of this 
cnzjmc normallj found in plasma is greatly increased m generalized 

J.'/sn/j.'i'sw.rift.iM, vaoJ-voWa; b„v, •hfi.'ifiw}. r .vim. ‘tRWVUh Vr* 

m which a compensatory stimulation of osteoblastic activity occurs It 
has lieen suggested that two mechanisms operate in bone formation .tty 1 
^ phosphatase mechanism which produces in the bone matnx fluid a copdi 
tion of super-atu ration with respect to bone phosphate and an * inor 
game mechanism which favors deposition of this salt from super 
saturated solutions 

New light has 1 ecn east on the l loehemical role of alkaline phosphatase 
m nekets b> the work of Zetterstrom and I junggren ,so who studied the 
action of the water soluble phosphorv lated denvatne of vitamin P 
( I>*r ) Ihej showed that D,I* has a remarkable capantj to activate 
phosphatase specialty from bon e It w ould appear therefore that v itam m 
42 m,l > fu nction as an activator ot a lkuhi c nho<mhnt ac e not o ntv irith e 
intestinu* 1 ^ 1 o' p' ion of p)i*» -ph-Ul 1 ut also in! one done then an i in renal 
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.tubular reabsorption, all of which are involved in clinical rickets. A mor e 
jieneial nile >or vitamin D in carbohydrate oxidation is su ggested by in 
vitro studies 381 in which I) 2 P was show n to have an am\ oiing effect on 
the o\ygen_ untake ot kidney mitochondria. The respiratoiy enz\ liTe 
complex here involved is known to be concerned in the tricarboxylic 
acid cycle and in fatty acid oxidation. 

Efforts have been made to correlate the action of vitamin D with the 
important role played by the parathyroid hormone in the maintenance of 
calcium equilibrium in the serum. Hyperparathyroidism is accompanie d 
bv high serum calcium , and apparent dissolution ot this element from the 
bones which, when prolonged, may lead to osteomalacia. Parathyroid ex- 
tract does not, cure rickets . Though there are similarities in the effects 
of vitamin I) and parathyroid hormone on calcium mobilization, evi- 
dences of differences in their mode of action— e.g., in tetany or when 
given in overdosage — make doubtful a direct hormonal role in vitamin D 
activity. 

The vitamin D requirement of man is influenced by age, color, preg- 
nancy, lactation, the mineral content of the diet, and conditions which 
affect intestinal absorption. The vitamin D needs of adults and older 
childien may be satisfied by sufficient exposure to ultraviolet radiation. 
According to the National Research Council, the recommended daily 
allowance of this vitamin is 400 units daily , except during pregnancy, 
lactation, and the first year ot childhood, when it is increased to 800 
units See p. 1108 Vitamin D may be administered not only subcu- 
taneously or intraperitoneally** 2 but by direct absorption through the 
skin, 38 * although the dosage requirements under these conditions are not 
well defined. 

Even when massive doses are given, the transfer of vitamin D to human 
or cow’s milk is limited to only a few per cent The administration of 
40,000 units per day during early lactation of mothers increased the 
vitamin D content from very low or zero levels to a range of 125 to 583 
units per liter. Vitamin D milk of commerce is produced by direct addi- 
tion of irradiated sterols or concentrates; formerly “metabolized vitami: 

D milk” was obtained by controlled dosage of cows. 

Some success has been claimed for the more or less empirical use o 
Jarge doses of vitamin D in the treatment of arthritis, hut thp_rr>norts_Jj 
the literature are c onflicting and the physiological mec hanism involved i 
not known 

The belief that excessive doses of vitamin D w ere toxic ow ed its origin ii 
part to unfortunate experiences with an early German product “Vi 
gantol,” which probably contained an excessive proportion of toxistero 
(see p. 1252) due to overirradiation of the sterol. Later studies have showr 
that the margin betw een the therapeutic and the minimum toxic dose oi 
vitamin D is very wide. Several hundred times ordinary therapeutic doses 


1,1 Zetterstrora: Ada Chem Seand , 5, 343 (1951) 

•* I Soames Bioehem J., 18, 1349 (1924); Hess, Worn stock, and Tfelman J Biol . Chem, 
63,-305 (1925); Kramer, ft al • J. Biol Chem , 71, 699 (1927) 

"’Hume, Lucas, and Smith: Bioehem. J., 2i, 302 (1927). Helmer and Jansen 'St udiee 
Ind. D'** Tbirtae, 1, S3 (1937). 



1248 


Practical Physiological Chemistry 


Chap 35 


must be administered daily for several Meeks before toxic effects are 
noted It has been suggested that infants be giv en doses of 250,000 units 
twice a jcar for protection against rickets The chief sympto ms of toxicit j 
due to o\ erdosage of vitamin D are anorexia and polyuria Calcification 
of soft tissues^" and particularly ot the renal arterioles and the aorta, are 
observed in advanced stages, although hypertension is not encountered 
Vitamin _D overdosage is indicated by a rise in serum calcium The toxic 
effects disappear upon discontinuance ol the dosage 

The calcium content of the blood serum of rachitic children is normal 
(0-11 mg per 100 ml) or only slightly lower, but the inorganic phos- 
phorus content may be reduced to half the normal values of 4-5 mg , 
or even lower in severe cases There are seasonal variations in the blood 
phosphate v alucs, the minimum occurring in late winter and early spring, 
and the maximum in midsummer These changes run parallel to the 
seasonal variation in solar ultraviolet radiation and coincide with the 
vanations in the incidence of clinical nekets They may also account for 
the spontaneous healing often observed in summer 

These observations as well as the well-known geographical distribution 
of rickets, have been attnbuted to the effect of exposure to sunlight The 
therapeutic v alue of the sun’s rays in nekets w as noted by Huldschinskj , 
who also studied the use of artificial sources of ultraviolet radiation 
/"Certain of these rajs cause a sjnthesis of vitamin D from a precursor 
(7-dchj drocholestcrol) in the skin, and a similar synthesis can be pro- 
duced m animal and plant oils from this or other provitamins 

For further discussion of the clinical aspects of vitamin D, see the 
Amcncan Medical Association sjllabus, p 1292 

Ultraviolet Radiation. The visible region of the spectrum comprises 
onlj a small portion of the entire scale of radiant energj The colors in 
the visible spectrum result from differences m the frequencj — or in- 
verse!}, the wavelength — of the radiations In the invisible regions of 
electromagnetic vibrations, there arc the longer radiations (infrared or 
beat ravs, Hertzian, and radio waves) and the shorter radiations (ultra 
violet rajs, gamma rays, x rays, etc ) The relation between these forms 
of radiant energj is illustrated in Fig 287 

The antirachitic region of the spectrum extends from about 256 mu 
to about 313 mp, whereas the shortest solar radiation is about 290 mp 
It is onlj when the atmosphere is free from smoke, fog, dust, clouds, etc 
that solar energj of wavelength shorter than 300 m n reaches the earth, 
and even then its intensitj is verj slight On a clear day at sea level the 
energj distribution is approximate^ 1 to 2 per cent ultraviolet, 42 to 
53 per cent visible and 57 to G3 per cent infrared The limited antirachitic 
protection offered from this source helps explain the frequencj of nekets 
and the need for dietarj sources of preformed vitamin D Ultraviolet 
radiation exerts its maximum activating power at the wavelength of 
maximum ab«orption bj the provitamin, c g , at 281 mjx (range = 275 to 
300 mp) in the ca*c of ergosterol The energy required for activation is 
7 5 X 10 11 quanta per unit vitamin D 
Ultraviolet energj emanates from incandescent solids The distnbution 
and inteit-il} of this energj depends on the nature of the incandescent 
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source. The most widely used sources of ultraviolet radiation in experi- 
mental or therapeutic work are the carbon are and the quartz mercury 
arc. Carbon arc lamps are provided with carbons containing metallic 
cores of definite composition. The quartz mercury-vapor lamp consists of 
a quartz chamber in which an arc discharge takes place between electrodes 
of mercury or of mercury and tungsten. The ultraviolet component of 
the radiation from these lamps depends on the energy input and, in the 
case of the mercury vapor arc, diminishes with the age of the lamp. 



Antirachitic 

Radiation 


Fig 287 Ciiart SnowiNa Distribution of Radiant Energy. 

The figures indicate the wavelengths, expressed in millimicrons.** 4 

Ordinary window glass is opaque to ultraviolet radiation but quartz is 
transparent Various makes of glass of special composition permit the 
transmission of antirachitic radiation and are used in schools, hospitals, 
solaria, etc. Certain plastic films are also transparent to the antirachiti- 
cally active rays, and these have been used in windows of poultry houses 
The variation in distribution and intensity of ultraviolet radiation from 
the sun or from artificial sources makes necessary some means of measure- 
ment. No satisfactory method has been developed for analyzing the 
antirachitic region alone, and of the biological and photochemical methods 
it may be said that no two of them measure exactly the same region and 
none of them gives an index of the distribution of energy. The only ac- 
curate methods are those based on a physical measurement of the energy 
such as those employing a thermopile and galvanometer. Radiation of an v 
region of wavelength, selected by optical filters or a quartz monochro- 
mator, may be absorbed by a thermocouple, causing a flow of curr t 
which can be measured by a galvanometer previously standardized 

(A) -0 1 mu <»e Angstrom n» «< 
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against radiation of known intensity Such a method, while nonselective 
and reliable, is beyond the scope of most biological laboratories ^ 

Of the photochemical methods” 5 there maj be mentioned (1) ClarJ 
in which the number of minutes required for a paste of lithopone, or pref 
crabl} pure zinc sulfide, to darken to a definite shade is taken as the 
index and expressed as lithopone or ZnS units of ultraviolet energy , (2) 
PohJe's in which the index is the time required for the ultraviolet energj 
to produce a blue color m a solution containing potassium iodide, sodium 
thiosulfate, and starch (3) Webster, Hill, and Eidinow’s in which the 
fading of the blue color in an acetone-methj lene blue solution is meas- 
ured bj companion with known standards, and finallj (4) the method of 
Anderson and Jiobtnson, gi\en below 

Photochemical Method jor Measuring Ultraviolet Intensity Principle In 
tl o presence of a uranium salt which acta as a catalyst a solution of oxalic acid is de- 
composed tj ultraviolet lut not by viable radiation The degree of decomposition 
is determined ty titration with pota«sium permanganate 

Procedure A solution containing exactly 6 3 g c p oxalic acid (HjCjOi 
2H t O) and 4 27 g uranyl sulfate (UOjSOi 311*0) per liter of distilled water Is 
prepared and kept protected from the light Place 2a ml of this solution In a 
fused quart* cell 3 35 X 10 cm in area and 1 65 cm thick m The unshielded 
area of the cell is exposed directly to the source of ultraviolet energj for a 
definite period In the case of solar measurements a one hour exposure Is 
used the angle of the cell being changed every 5 minutes to keep the rays 
perpendicular to the surface 

After the exposure the contents of the cell are rinsed into a flask with 50 ml 
distilled water, and 2 ml concentrated sulfuric acid are added The solution 
,1* then boiled and titrated while hot with a solution of potassium permanga 
nate standardized to be equivalent to the oxalic acid solution (theoretically 
3 16g KMnOi per liter) 

" Calculation (2o — ml of IvMnOt used) X 0 63 =» mg oxalic acid decomposed 
Duplicate determinations at ou! 1 agree within 0 0G mg The maximum value found hi 
Tonnev for sunl gl t at Chicago was 7 12 mg per hour Sunburn of untanned skin (the 

erythema reaction ) was observed whenever the intensity exceeded half this 
maximum value 

Storage of Vitamin D The animal body is able to maintain a rescrv e 
of vitamin D, the amount depending on the dietary supply and on the 
extent of exposure to the synthesizing influence of ultraviolet radiations 
The rate of depletion of the bodily store of vitamin D, when a supply of 
this factor is lacking is affected by Hie ratio of*calcium*to phosphorus in 
the diet which under normal conditions should be between 1,1 and 2 1 
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Young animals acquire some degree of antirachitic protection by virtue 
of the transfer of vitamin D into the mother’s milk, although the efficiency 
of this transfer is very low (about 1 to 2 per cent). By feeding fish liver 
oil or irradiating the mother during the periods of gestation and lacta- 
tion, the vitamin D potency of the milk can be increased somewhat, but 
ordinarily both cow’s milk and human milk are poor sources of the anti- 
rachitic vitamin. The fortification of con ’s milk with vitamin D is dis- 
cussed on p. 1250. (?/f 

Chemistry of Vitamin D. Five years after Huldschinsky’s 397 demon- 
stration of the therapeutic value of ultraviolet irradiation on rickets, 
Hess* 88 and Steenbock 389 in 1924 independently revealed the discovery 
that antirachitic activity could be induced in foods by exposure to ultra- 
violet radiation. It was soon demonstrated that the antirachitic factor 
was contained in the nonsaponifiable fraction of activated oil, just as in 
the case of codlivec oil. Interest then centered on the activability of 
phytosterol and cholesterol i the important unsaponifiable lipides of 
plant and animal tissue, respectively. At first it appeared that cholesterol 
was the specific precursor of vitamin D, but later work revealed other 
sterols to function in this role, viz., ergosterol in the lipide fraction of 
plants, yeasts, and fungi, and 7-dchudrocho(es(crol in animal sources. 
Ergosterol had originally been isolated from ergot, the fungus of rye. 
Following the discovery of its provitamin nature it was extracted com- 
mercially from yeast. 7-DehydrochoIesterol was originally obtained from 
brain tissue, crustaceans, mussels, and other shellfish, but is now pro- 
duced synthetically. The activated product of ergosterol is called vitamin 
or calcifero l, w hereas that of 7-dehydrocholesterol is vitamin'll. 
From the structural formulas it will be seen that activation of these j 
sterols involves opening of the B ring and conversion of the methyl group J 
between the A and B rings to methylene, r 

•The synthesis of vitamin D from ergosterol i s independent of the wave- 
length of the ultraviolet radiation ov er the range of selective absorption 
(about 256 to 313 m/i), but is a tunction only of the absorbed energy. 380 
It is therefore possible to activate ergosterol by exposure to the unob- 
structed rays of the sun in spite of the fact that radiation of such short 
wavelength, even under ideal conditions, hardly ever exceeds 0.1 per cent 
of the total solar energy. 391 The efficiency of solar irradiation maj’ be 
affected by a relative preponderance of inactive decomposition products 
produced by the longer w aves 392 Activation is also induced by means of 
electronic streams, x-rays, radioactive emanations, and high-frequency 
alternating current. * 


Huldschmsky: Dent med. TTochschr , 45. 712 (1919). 

1,8 Hess. Am. J, Diseases Child., 28, 256 (1924); Iless and Weinstock* J. Biol. Chem , 
62, 301 (1924). 

111 Steenbock and Black; J. Biol. Chem , 61, 405 (1924). 

1.0 Kon, Hamels, and Steenbock: J. .Am Chem. Soc., 50, 2573 (192S); Webster and 
Bourdillon: Biochem J., 22, 12 23 (192S); Mature, 125, 244 (1929); Marshall and Knudson. 
J. Am Chem. Soc., 52, 2304 (1030). 

1.1 Coblentr, Dorcas, and Hughes: Bur. Standards Sex Paper .Vo. 539, 21, 535 (1920); 
J. Am Med, Assoe , 88, 390 (1927); Greider and Downes. Trans Ilium. Eng. Soc., 25, 37S 
(1930); Fors> the and Chri3tison: J. Optical Soc Am , 20, 39C (1930). 

*** Lahousse and Gonnard, cited by Bills* Physiol Rets , 15, 1 (1935). 
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In the ultraviolet activation of ergosterol a senes of products is formed 
depending on the wavelength of the radiation, the duration of exposure, 
overheating the nature of the solvent, the presence of oxjgen, etc The 
changes induced in the absorption spectrum of ergosterol bj irradiation 



tin 2SS I rncT or Prolonged Irradiation on the Ultraviolit Abborp 
noN Sri ctrl h or Lrgokti-rol. 

mu Itoocywcll .od Co, / BuA Ck*m 80 517 (1928) 

arc shown in I ig 288 The following scheme summarizes the sequence in 
which the isomeric products of irradiation appear 

Toxistcrol 

uUSEA I * um " UTOl -+ Tachj sterol Calciferol'* 
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methylene A similar change occurs in the actuation of 7-dehjdro- 
cholesterol (p 1254) 


20 24 £7 

CHs CH,Cn, CH, 

IB * 1 ! 2 * ss 25 ] *4 I 

CH.CH CII=CII CH CH CHjCII CH=C1I 



Ergosterol Calciferol 


CHjCHj 

CH 

I 

CH, 


The properties of ergosterol, 7-dehydrochoIesteroI, and their iespectt\e 
activation products are show n in the follow ing table 



Ergosterol 

Vtlamtn D t 

0 Calciferol ) 

7 Dehydrochol 
eslerol 

Vitamin Dt 

Formula 

CmHmOH 

CnH«,01I 

CnH«,OH 

C„H«OH 

Double bonds 

3 

4 

2 

3 

Melting point 

166° C 

116“ C 

143° C 

83° C 

Digitonin 

Precipitate 

No precipitate J 

Precipitate 

No precipitate 

Absorption bands 

1 

260 270 282 
293 5 m/i 

265 mji 

Same as 
ergosterol 

Same as 
calciferol 

Optical rotation 

In CHC1* 

[«1d 132° 

In C HsQH 
[«&" = +102 5° 

In CHClj 

Mj? = -113 6° 

In acetone 

MS? = +83 3° 

Vitamin D potency 
rats 
chicks 

None 

None 

40 000 000 u /g 
400 000 u /g 

None 

None 

45 000 000 u /g 
45 000 000 u /g 


The demonstration” 3 that activated ergosterol when fed to chicks on 
an equivalent rat-unit basis is only about one hundredth as effective 
for them as codliver oil paved the way for studies proving that cal 
ciferol is not identical with naturally occurring vitamin D By means 
of the comparative chick vs rat assays, Waddell 391 showed that the 
prov itamjQ_jn impure cholesterol was not- ergosterol. since the relat ive 
"species effec tiveness ol irradiated choles te rol is similar to th at-oPthc 
natural vitamin In Unml'mts Investigations have revealed a number of 
sterol derivatives which can acquire antirachitic potency upon irradm 


*'* Masse-nRale and Nussraeier J Biol Chem 87 423 (1030) 
”* Waddell J Biol Chem 105 711 (1934) 
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tion,* ,s including in addition to the natural precursors ergostcrol and 
7-dihjdrochole^terol, 22-dih.jdroergosterol, 7-h> dro\j cholesterol, and 
7-deh>droMtostcrol lhere is also cudence for the chemical actuation of 
cholesterol (hj forming cholesterjlene sulfonic acid) and of ergostcrol 
(bj treatment with mtnte) 

The products of irradiation of 7-dchj drocholesterol are analogous to 
those of crgosterol, the antirachitic substance being identical with the 
naturally occurring vitamin in fish li\cr oils 7-Deh\ drocholesterol ca n 
be s\ntlio*uzcd b\ mammals and is .oresent in subcutaneous tissue 
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Distribution of Vitamin D. The most abundant natural source of 
vitamin D is codhvcr oil. Nevertheless, whereas ordinary codhver oil 
possesses a vitamin D activity of approximately 100 to 200 U.S P. units 
per gram, the liver oils of certain other species of fish may be many times 
more potent. 899 Some liver oils which are blended for medicinal use are 
high in vitamin D, e g , those from various species of tuna. Other oils, 
e g , those of the sw ordfish and halibut, are also high in vitamin A. (See 
table, p. 1115 ) The vitamin potency of fish liver oils is affected by 
spawning (and hence the season of the catch and the oil content of the 
livers) and bj- the age of the fish. Varying a mounts of vitamin D are also 
found in the body oils of many marine animals, among them salmon, 
herring, sardine, shrimp, oysters, etc. 400 

Whether fish are able to synthesize vitamin D, as indicated by the 
experiments of Bills, 599 or whether it is derived from the caplin and other 
forms of food they consume, has not been definite!}’ settled There is 
evidence 401 that the vitamins of codliver oil are derived iudirectlj’ from 
unicellular marine organisms via copepods, jarval decapods, and moHusca > 
present m mnrineT plankton, which in turn llT consumed by the cod How- 
ever, Leigh-Clare 402 failed to demonstrate the presence of vitamin D in 
these .diatomaceous organisms, although other investigators report the 
presence ot the vitamin m marine plankton 405 especially during the sum- 
mer months when it is abundant near the surface of the waiter. 

When the livers of cod are in the process of becoming spent, the vitamin 
D potency of the oil bears an inverse relation to the oil content 401 This 
has been attributed to the relatively rapid depletion of the glycerides 
during the starvation period, leaxnng behind the more resistant anti- 
rachitic factor. In a large-scale experiment conducted at the Norwegian 
fishing grounds, however, the senior author found that at the spawning 
season, when the livers were rich in oil, there wns no demonstrable dif- 
ference in antirachitic potency between the oil of male and female cod 
The livers of the females had a somewhat lower oil content but were 
larger than those of the males 40 -’ 

No increase in the vitamin D content of codliver oil is observed after 
ultraviolet irradiation, excess exposure being destructive not only of 
vitamin A but of vitamin D as w ell. 


’** Hess and Wemstock. Proc Soc Exptl Biol. Med, 23, 407 (1926), Bills J . Biol 
Chem , 72, 751 (1927); J . Eutrdion, 13, 435 (1937); Notevarp Ttds Kjemi, Bergvesen Met , 
No 4,415 (1937). 

400 Nelson, et al, Ind Eng Chem, 22, 1301 (1930); 23, 1066 (1931); Truesdail and 
Boynton Ind. Eng Chem , 23, 1136 (1931). Brooks, Abernethj, and Vilbrandt J. Am 
Chem Soc , 52. 4940 (1930), Jones Murphj, and Nelson" Ind Eng Chem , 2 o, 205 (192S), 
Schmidt-Nielsen and Sehmidt-Nlelsen Chem Abstracts, 24, 579S (1930). 

4111 Zih a and Drummond Biochem, J , 15, 51S (1922) See also Jameson, Drummond and 
Coward* Biochem J , 16 , 4S2 (1922), Copping Biochem J , 28, 1516 (1934), Drummond 
and Gunther J Exptl Biol . II, 203 (1934) 

“* Leigh Clare Biochem. J , 21, 36S ( 1 927) 

4 “« Belloc, Fabre, and Simmonet* Compt rend , Ml, 160 (1930) ; Russell Eature, 126, 472 
(1930). 

«* Hess. Bills, and Honeywell J. Am Med Assoc, 92. 220 (1929). 

401 Hawk. Reported before the American Chemical Societj, Minneapolis Meeting 1929 
Of 1779 In era rammed, tho^e from female cod (59 6 per cent of the totnl) a% erased al>out 
29S ml in sire and contained 37 1 per cent oil, while those from the male averaged 163 ml 
and container! 41 3 per cent oil 
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Vitamin D has a ten- limited distribution among the common food- 
ctufi- Of these egg yolk probable takes first rank, although this source l 

quHe variable, Sending upon thehen’s ration and upon fte amount of 

evpomrc to ultraviolet radiation. The vitamin D content of butterfat 
relativ elv low, in contrast to its vitamin A content, but is likewise some- 
what higher in summer than in winter. Human milk is an even poorer 

source of the antirachitic vitamin than cow’s milk. . 

Processes used for increasing the antirachitic potency of whole or 
evaporated cow’s milk include: (o) feeding activated yeast or sterols to 
cows, a small fraction of the vitamin D being transmitted to the null;. 
(M ultraviolet irradiation of the milk; (c) fortification of the milk witn 
natural or synthetic vitamin D.*** The last is the principal method m use 
in this country today. Vitamin D milk produced by direct fortification is 
standardized 'to contain 400 D.S.P. units per quart (whole milk) and 


provides adequate safeguard against rickets 

Antirachitic activation of foods by ultraviolet irradiation is dependent 
upon the presence of the provitamin. Hence certain food products e.g * 
milk, egg yolk, yeast — arc capable of much greater activation than 
others, like cornstarch, egg white, or certain cereals. Careful control 1 ^ 
required in irradiation processes to avoid the development of rancidity 
or disagreeable odors, and to guard against destruction of vitamin A, 
riboflavin, pyndoxine, and (by overirradiation) of the vitamin D which 


is formed. 

Plant foods and \ egetable oils are notoriously deficient in vitamin V . 
Excellent sources of vitamin A though they are, the green leafy vegetables 
lack the antirachitic factor in significant amounts even when grown in the 
summer months Sun-drying of hay or alfalfa results in a considerable 
increase in antirachitic potency Some activation occurs during fermenta- 
tion of cocoa, owing to solar radiation of the sterols present in contaminat- 


ing > easts or fungi. 

Certain cereals, notably oatmeal, contain a factor which actively 
inhibit* calcification 467 Not only is part of their phosphorus content 
nona^Smilablc, but it occurs in the form of inodtol hexapho^phoric acid or 
ph>tin* M which binds calcium and iron and thus interferes with their 


absorption. 
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spcctro photometric absorption of the cluate at 205 mp, chemical assay 
of irradiated sterols or similar high-potcncy materials is possible. 405 
Similar methods employing modified antimony trichloride reagents have 
been used for the assay of fish liver oils, but with less success owing to 
their lower vitamin D potency and the interference of vitamin A. The 
antimony trichloride reaction differentiates between ergosterol and 7-de- 
hydrocholesterol, which are indistinguishable spectrophotometricnlly. 4, ° 

Green has developed a promising chemical procedure for vitamin D in 
fish liver oils 411 involving a series of steps designed to eliminate the inter- 
ference by sterols and vitamin A with color reactions. The unsaponifiable 
extract is chromatographed on acid-activated floridin to destroy vitamin 
A; the carbon tetrachloride eluate is evaporated to dryness and taken up 
in 72 per cent ethanol to precipitate interfering provitamins and sterols; 
the filtrate is dried and taken up in chloroform, and the vitamin D (“ap- 
parent calciferol”) is estimated spectrophotometrically after reacting 
with the antimony trichloride-acetyl chloride reagent of Nield, Russell, 
and Zimmerli. 411 While the method is claimed to give good agreement with 
bioassays, the “detailed steps necessary for the analysis of vitamin A-con- 
taining oil have generally to be decided for each particular sample” on the 
basis of the ratio of vitamin A to vitamin D and the percentage of un- 
saponifiable matter. By means of an iodine trichloride reaction the method 
has been adapted far the pardiaf analysis of the irradiation products of 
ergosterol and 7-dehydrocholesterol, some of which remain unidentified. 413 

BIOLOGICAL METHODS 

The quantitative study of vitamin D activity is based on the deter- 
mination of the comparative amounts of test materials and of standard 
vitamin D preparations necessary to induce healing of rickets in rats or 
to maintain normal calcification in chicks The production of experi- 
mental rickets of a moderate but uniform degree of severity within a 
definite period of time is the primary requisite for reproducibility of 
results. Various methods differ in respect to the composition of the 
rachitogenie diet, the criteria for the establishment of the presence and 
degree of rickets, and the basis for judging the degree of healing. The 
rat curative assay (U.S.P.) is employed for the evaluation of the vitamin 
in foods or pharmaceutical products intended for human (or other mam- 
malian) use; because of the relative insensitivity of fowl to vitamin D 2 , the 
chick method (A.O.A.C.) is employed in the assay of vitamin D intended 
for feeding poultry. 

Ordinarily diets used for the production of experimental vitamin- 
deficiency diseases are characterized by being complete in all respects 
(i.e., as regards proteins, calories, minerals, and vitamins) except for 


4W Ewing, Kingsley, Brown, and Emmett* Ind Eng Chem , Anal. Ed , 1 5, 30I (1943); 
Ewing, Powell, Brown, and Emmett Anal Chem , 20, 317 (194 S). 

419 Lamb, MQUer, and Beach* Ind Eng Chem , Anal. Ed , 18, 187 (1940). 

«« Green: Btoehem J., 49, 243 (1951). 

<l * Nield, Bussell, and Zimmerli* J. Biol Chem , 136, 73 (1940). 

To prepare this reagent dissolve 18 g antimony trichloride in 100 ml. purified chloro- 
form, filter, and add 2 ml redistilled acetyl chloride. Prepare frc-«h daily 
«* Green- Biochem, J., 49 . 232 (1951). 
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■\itamm T) has a \en limited distribution among the common food 
«tufT c Of these, egg > olh probabh takes first rank, although this source u 
quitc \anable depending upon the hen's ration and upon the amount of 
exposure to ultra\ lolet radiation. The vitamin D content of butterfat is 
relatnelj Ion, m contrast to its vitamin \ content, but is likewise some- 
what higher in summer than in winter Human milk is an eien poorer 
«ource of the antirachitic vitamin than cow's milk. 

Proccs'es used for increasing the antirachitic potency of whole or 
e\ aporated cow*« milk include (a) feeding actuated a east or sterols to 
con* a small fraction of the vitamin D being transmitted to the mdk, 
(b) ultrawolet irradiation of the milk, (c) fortification of the milk with 
natural or synthetic vitamin D 404 The last is the principal method in use 
m this country toda\ \ ltamin D milk produced bj direct fortification i c 
standardized to contain 400 USP units per quart (whole milk) and 
provides adequate safeguard against rickets 

\ntirachitic actuation of foods bj ultraviolet irradiation is dependent 
upon the presence of the provitamin Hence certain food products — e g » 
milk, egg J oik, j cast — are capable of much greater activation than 
others like comrtarch, egg white, or certain cereals Careful control i» 
required in irradiation processes to a\oid the de\elopment of ranciditx 
or disagreeable odors, and to guard against destruction of vitamin k, 
nboflavm, p\ ndoxine, and (bj o\ enrradiation) of the vitamin D which 
is formed 

Plant foods and \egctable oils are notonouslj deficient m vitamin D 
Excellent sources of vitamin A though thex are, the green leaf} x egctables 
lack the antirachitic factor in significant amounts ex en when grown in the 
summer months <= un-drxing of ha\ or alfalfa results in a considerable 
increase in antirachitic potenc} Some actu ation occurs during fermenta 
tion of cocoa, owing to solar radiation of the sterols present in contaminat- 
ing } easts or fungi 

Certain cereals, notabl} oatmeal, contain a factor which actnelr 
inhibits calcification 4,7 Not onl\ is part of their phosphorus content 
nonasMmilable but it occurs in the form of inositol hexapho*phonc acid or 
phxtin M which hinds cafcium and iron and thus interferes with their 
absorption 
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spcctrophotometric absorption of the cluate at 205 m^> chemical assay 
of irradiated sterols or similar high-potency materials is possible. 409 
Similar methods employing modified antimony trichloride reagents have 
been used for the assay of fish liver oils, but with less success owing to 
their lower vitamin D potency and the interference of vitamin A. The 
antimony trichloride reaction differentiates between ergosterol and 7-de- 
hydro cholesterol, which arc indistinguishable spcctrophotometricnlly. 410 

Green has developed a promising chemical procedure for vitamin D in 
fish liver oils 411 involving a series of steps designed to eliminate the inter- 
ference by sterols and vitamin A with color reactions. The unsaponifiable 
extract is chromatographed on acid-activated floridin to destroy vitamin 
A; the carbon tetrachloride eluate is evaporated to dryness and taken up 
in 72 per cent ethanol to precipitate interfering provitamins and sterols; 
the filtrate is dried and taken up in chloroform, and the vitamin D (“ap- 
parent calciferol”) is estimated spectrophotometrically after reacting 
with the antimony trichloride-acetyl chloride reagent of Nield, Russell, 
and Zimmerli. 412 While the method is claimed to give good agreement with 
bioassays, the “detailed steps necessary for the analysis of vitamin A-con- 
taining oil have generally to be decided for each particular sample” on the 
basis of the ratio of vitamin A to vitamin D and the percentage of un- 
saponifiable matter. By means of an iodine trichloride reaction the method 
has been adapted for the partial analysis of the irradiation products of 
ergosterol and 7-dehydrocholesterol, some of which remain unidentified. 41 * 

BIOLOGICAL METHODS 

The quantitative study of vitamin D activity is based on the deter- 
mination of the comparative amounts of test materials and of standard 
vitamin D preparations necessary to induce healing of rickets in rats or 
to maintain normal calcification in chicks The production of experi- 
mental rickets of a moderate but uniform degree of severity within a 
definite period of time is the primary requisite for reproducibility of 
results Various methods differ in respect to the composition of the 
rachitogenic diet, the criteria for the establishment of the presence and 
degree of rickets, and the basis for judging the degree of healing. The 
rat curative assay (U.S.P.) is employed for the evaluation of the vitamin 
m foods or pharmaceutical products intended for human (or other mam- 
malian) use; because of the relative insensitivity of fowl to vitamin T)t, the 
r * ^p^hod (A O A C.) is employed in the assay of vitamin D intended 
lor feeding poultry. 

Ordinanly diets used for the production of experimental vita 111 ’ 11 
d5se , ases are characterized by being complete in all T ^ e for 
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the absence of thexitamin in question This ho« ever is not so in the ca« 
f the vitamin D assay with rats because decalcification i docs not occu 
readilv in the absence of vitamin D unless the normal cakmm.p 
nhorus ratio is disturbed The analog of clinical rickets maj be pr 
Serf experimentally in rats by feeding a vrtamin-D-free diet posse^ng 
a Ca:P ratio of about 4 5:1 instead of the normal ratio ranging from 
1:1 to 2.1 



Fig 280 (Left) Active Rickets 
Roentgenograph of knee joint of rat 
on Steenbock rachitogemc diet No 20&5 
for 17 days Note especially broad bands 
- of uncalcified cartilage near ends of tibia 

and femur 

Fig 200 {Right) Healed Rickets 
Roentgenograph of knee joint shown 
in tig 280 after the rat had been fed a 
codin er-oil concentrate 14 clay s 

After 18 to 21 days on a standard rachitogemc diet, the animals de\ elop 
a decalcified zone in the epiphyseal region of the long bones (the so-called 
“rachitic mctaphy'sis”) which may be readily demonstrated roentgeno- 
graphically (see Tig 280) At this time gross syrniptoms of rickets, such as 
shambling gait or enlargement of the knee joint, are not yet apparent 
Hence it is desirable in order to establish the presence of the rachitic 
lesions that the animals be x-rayed or fluoroscoped or that some of them 
lie sacrificed and their leg bones examined histologically 

After three weeks the bone ash \alues, expressed on a dry fat-free basis, 
drop from 35-45 per cent, the saluc at the time the rats are placed on the 
raihitogenic diet, to 25-33 per cent At this age the normal ash content 
should lie about 50 00 per cent Similarly, the inorganic phosphorus 
content of the blood dccrea*-es from the normal lecel (for rats) of 8-10 
*r 100 ml of serum, to about 2-3 mg 4,1 During this period the 
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animals continue to grow , but at a somewhat subnormal rate, the more 
rapidly growing animals exhibiting nchets of greater seventy 
Following the preparatory period, the animals are fed the same diet plus 
the material to be assayed, which may be incorporated in the diet or 
preferabh fed as a supplement Negative controls are allowed to con- 
tinue on the basal diet without antirachitic supplements, w hile positiv e 
controls receive a daily dose of a standard source of vitamin D, viz , the 
International or U S Pharmacopeia Vitamin D Reference Oil It is 
important that food materials fed as supplements do not appreciably 
alter the Ca P ratio of the diet In the ev ent of this possibility the assay 
should be controlled by including the ash of the test material in the diet 
of the negative controls, or preferably feeding the supplement m the 
form of its ether extract 

Rats which lose weight or fail to consume sufficient food must be 
discarded, because starvation is attended by a remobilization of tissue 
phosphate and spontaneous healing of rickets The animals must be 
shielded against exposure to sunlight or ev en against undue e\posure to 
filtered day light 

The duration of the test period depends upon the criterion employ ed for 
healing In the roentgenographic method, a six-day curative period may 
be used 4,4 (See Figs 289 and 290 ) This method has the advantage of 
permitting each animal to sene as its own control, and may be con 
vemently combined with the histological technique as prescribed by 
the U S Pharmacopeia The examination of stained sections of the leg 
bones (Line Test, see Fig 291) is conducted at the end of the assay 
penod 

The feces of rats on a rachitogemc diet tend to become alkaline, but 
return to the normal slightly acid condition during the process of heal- 
ing 416 The increase in pH is localized in the cecum and colon rather than 
in the small intestine, which is the mam site of calcium and phosphorus 
absorption A concomitant shift of unnary pH occurs in the opposite 
direction These pH changes m rickets are reversible with vitamin D 
therapy 4,7 Efforts to adapt fecal pH shift to the quantitative estimation 
of vitamin D m hav e failed owing to the small (about one pH unit) and 
variable difference and the interfering effect of extraneous factors 

Fish liver oils and vitamin D concentrates are important constituents 
of poultry rations Since the rat assay is an inadequate measure of the 
vitamin D v alue of certain fish oils and sterols for av ian. species a quanti- 
tative method of vitamin D assaj emploving chicks has been adopted by 
the Association of Official Agricultural Chemists 419 This is a preventive 

,w Poulsson ai 1 Lo\e skiold Biochem J 22 135 (19°S) 

4 * Zucker and Xlatzner Proc Soc Expil Biol Med 21 186 (19° l) 

< * Stocnbock Beilin and W jest J B ol Chem 193 843 (1951) 

4 » Jopl cott and Bneharach Biochem J 20 1351 (19^6) 22, 60 (ia>S) J Biol Chem 
82 751 (mO) 'll o) 1 and B ng J Biol Chem 79 269 (lO^S) O-er J Biol Chem 80 
4S7 (19°S) Coward Q art J Pharm. 1 2’ (l«r>8) 

4 *J Assoc OJTetal Affr Chem 20 72(193") Extensa o stud cs of chick assaj met! ads 
1 axe been reported bj Massengale and 1) 11s J \ t tnhon 12. 4°9 (1936) and b\ Hah orsnn 
andLnclnt J 1 s$oc OJTcvtl igr Chem 19 G^S 637 ai d 64 (193f) Li cl it Ibul 20 450 
(193") Griem Ibid 20 13S (1937) 
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technique based on a comparison of the aterage bone ash content of he 
assay group tilth that of reference groups rcecitnig graded dose > of _th 
Standard One A 0 A C M uu.f of vitamiu D is equa^ in .olog.cat 
activity for the chick to one unit of vitamin D m the U b 1 Itcicrei 
Standard 






7 8 10 12 . 


Fig 291 Chart for Interpretation of Line Test or Tibia 

Based on 7-day line test responses according to the U S Pharmacopeia 
procedure Note that on this scale of numerical ratings 0 5 corresponds to 
minimal recalcification ( positive macroscopic evidence of calcification ) 

4 0 corresponds to a narrow continuous line of calcification along the 
metaphjseal junction and 12 falls somewhat si ort of complete healing 
but is the maximal response m a 7-day test 
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ASSAYS FOR VITAMINS A AND D 

Biological Methods of the U S Pharmacopeia XIV.” 0 

Definitions As u«ed herein, unless the context otherwise indicates, the term 
assaijer means the mdiwdual immedntelj responsible for the interpretation of the 
a'isaj , the term assay group means the group of rats to which the assaj oil shall be 
administered during the assaj penod, the term assay oil means the oil under ex- 
amination for its Mtamin potencx, the term assay period for the utamin A assay 
means the rntcnol m the life of a rat between the last daj of the depletion penod 
and the twenty -ninth daj thereafter or between the last daj of the depletion period 
and the death of the rat, the term assay penod for the utamin D assay means the 
inten al in the life of a rat betw een the last daj of the depletion penod and the eighth 
daj thereafter, the term assemble means the procedure bj which rats are selected and 
assigned to groups for the purpose of feeding, care, and observation, the term control 
group means the group of rats recemng no assaj oil during the a<*s3j penod, the term 
declining iccight means the condition of a rat w hen its bodj weight on anj gi\ en daj is 
equal to or Ie«s than the bodj weight of the rat on the sexenth daj pnor to the gixen 
daj , m the term depletion penod means the mterx al in the life of a rat betw een the last 
daj of the prelimmarj penod and the first daj of the assaj penod, the term dose means 
the quantitj of the U S P \ itamm A Reference Standard or of the assaj oil to be fed 
at specified intervals to a rat dunng the assax period, the term fed means made readdj 
axTulable to the rat or administered to the rat bj mouth, the term ground gluten 
means the clean, sound product made from wheat flour bj the almost complete re- 
moxal of starch, and contains not more than lOper cent of moisture, and, calculated on 
the water-free ba«is, not less than 14 2 per cent of nitrogen, not less than 15 per cent 
of nitrogen free extract (u»ing the protein factor 5 7), and not more than 5 5 per cent 
of starch (as determined bj the diastase method”*), the term group for the utamin A 
assay (biological) means six or more rats maintained on the same required dietarj 
regimen dunng the assaj' penod, the term group for the vitamin D assay means sexen 
or more rats maintained on the same required dietary regimen dunng the a«saj period, 
the term ophthalmia means a pathological state of the eje and/or the conjunctiva 
and/or the tissues anatomicallj related to the ej e, rcadilj discernible macroscopieallj 
and usuallj associated with vitamin A deficiency, the term preliminary period means 
the mten al m the life of a rat between the sex enth dav after birth and the first daj of 
the depletion period, the term rachilogenic diet means a uniform mixture of the food 
materials, and m the proportions named, in either of the following formulas 

Itachitogemc Diet No 1 Rachitogemc Diet No 2 

Whole 'iellow Maize, ground 33 per cent Whole Yellow Maize, ground 76 per cent 

Whole Wheat, ground 33 per cent Ground Gluten 20 per cent 

Ground Gluten 15 per cent Calcium Carbonate (U S P ) 3 per cent 

Gelatin 15 per cent Sodium Chloride (U S.P ) 1 per cent 

Calcium Carbonate (U S P ) 3 per cent 

Sodium Chloride (USP) 1 per cent 

4,3 Grateful acknowledgment for permission to reproduce these methods is made to 
Dr Llojd C Miller and the Board of Trustees of the U S Pharmacopeial Convention 
Inc 

411 In this connection it is well to remember that rats manifest a diurnal variation in bodj 
weight averaging about 2 g Because of the seventj of avitaminosis and the high mortalitj 
that often results when rats remain too long on the depletion diet manj workers prefer 
to reduce the penod of declining weight’ to four or file days Differences in pathological 
symptoms which anse at the end of the depletion period are responsible for much of the 
■variation encountered in biological assaj s for vitamin A It has therefore been suggested 
that prex entive rather than curative technique might > ield more uniform results 

«* Association of Official Agricultural Chemists Official and TenlaUte Methods of Analy- 
sis 6th ed 1945 p 410 method II, p 577, method 34 53 
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The tirm titemm A leal diet meins i food material consisting of the following 
proportions of the named ingredients of the quahtj specified 

■\ itamin A Test Diet 


Casein 18 Per cent 

Salt Mixture (sec below ) 4 per cent 

A east, dried (U S P ) 8 per cent 

Starch G5 per cent 

Cottonseed Oil (U S P ) 5 per cent 


\ itamin D, a sufficient amount 

No less than 3 U S P Units of vitamin D shall be pro\ ided in each gram of diet 
and this \ itamin shall be earned by the jeast or the cottonseed oil The ingredl 
ents of the vitamin A test diet shall be free from \ itamin A or shall have been treated 
so as to reduce the vitamin A content to such a degree that w hen the v itamin A test 
diet is fed to the control group two-thirds or more of the rats shall manifest, prior 
to the eleventh daj of the assay period symptoms of vitamin A deficiency character- 
ize!! by both declining weight and ophthalmia 


Salt Mixture 


Calcium Carbonate (USP) 



68 

6g 

Calcium Citrate (USP Reagent) 



308 

3g 

Calcium Biphosphate (USP Reagent) 



112 

8g 

Magnesium Carbonate (USP) 



35 

2g 

Magnesium Sulfate, Anhydrous (USP Reagent) 



38 

3g 

Potassium Chloride (USP) 



124 

7g 

Dibasic Potassium Phosphate (USP Reagent) 



218 

8g 

Sodium Chloride (USP) 



77 

1 g 

Cupnc Sulfate (USP) 

0 

48 g \ 



Feme Ammonium Citrate (USP) 

96 

71 g 

I 


Manganese Sulfate (USP Reagent) 

1 

24 g 1 



Ammonium Alum (USP Reagent) 

0 

57 g) 

. 16 

2g 

Potassium Iodide (USP) 

0 

2o g ( 



Sodium Fluoride (USP Reagent) 

0 

75 g ’ 

1 


To make 

100 

00 g j 

1 . 


To make 1000 0 g 

Mix the finely powdered salts uniformly 


The biological assay of an oil for vitamin A and vitamin D potencj shall be by 
comparison w ith the USP Vitamin A Reference Standard*** and USP \ itamin D 
Reference Standard respectively, by assay procedures conforming in all respects 
to the follow ing specifications 

Assay for Vitamin A— Biological Method 

For products for which the spectrophotometry method of vitamin A assay is not 
applicable use the biological method which follows 

The \ itamin A biological assay comprising the recording of observations of groups 
of rats throughout specif ed periods of their lives wide being maintained on specified 
dietary regimens, and the interpretation of such data is as follows 

*** The USP \ itamin A Reference Standard consists of an encapsulated solution of 
CT>stal]ine vitamin A acetate in cottonseed oil 

This ol solution is assigned a value of 10 000 USP vitamin A units per Gram The 
content of each capsule is assigned a value of 2500 USP vitamin A units 
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Pbeuminary Period Throughout the preliminary period each rat shall be raised 
under the immediate supervision of, or according to directions specified b\, the as- 
saver Throughout the preliminary period the rats shall be maintained on a dietary 
regimen which shall provide for normal dev elopment in all respects, except that the 
supply of vitamin A, or precursors of vitamin A, shall be limited to such a degree 
that rats weighing between 40 and 50 g and not exceeding 2S days of age and sub- 
sisting on a suitable vitamin A deficient ration and water for an interv al not exceed- 
ing 45 days shall manifest symptoms characteristic of vitamin A deficiency 
Depletion Period A rat shall be suitable for the depletion period when the age 
of the rat does not exceed 2 S davs, and if the body weight of the rat shall exceed 39 
g , and does not exceed 50 g , and if the animal manifests no ev ldence of injury , 
or disease, or anatomical abnormality which might hinder growth and development 
Throughout the depletion period each rat shall be provided with the v itamin A test 
diet and water (USP) ad libitum, and during tins period no other dietary supple- 
ment shall be available to the animal 

Assembun a Rats into Groups for the Ass \r Period Ra ts w luch are suitable for 
the assay period shall be assembled into groups For each assay oil there shall be one 
or more assay groups In the assay of one assay oil there shall be prov ided at least 
one control group and at least one reference group, but one control group and one 
reference group may be used for the concurrent assay of more than one assay oil 
The interval of assembling rats into groups shall not exceed GO day s but the depletion 
period of rats ra any one litter shall not vary by more than 14 days On any one day 
during the interval of assembling rats into groups, the total number of rats that 
shaM have been assigned to make up any one group shall not exceed by more than 
two the number of rats that shall have been assigned to make up any other group 
When the assembling of all groups shall have been completed, the total number of 
rats in each group shall be the same, and the number of rats of one sex ra each group 
shall he the same Not more than three rats from one Utter shall be assigned to one 
group When the assembling of all groups shall have been completed the average 
weight of the rats in any one group on the day beginning the assay period shall not 
exceed by more than 10 g the average weight of the rats in any other group on the 
day beginning the assay period 

Assay Period A rat shall be suitable for the assay period, provided that the 
depletion period shall have exceeded 18 days and shall not have exceeded 45 days, 
and provided that n rat shall manifest evidence of vitamin A deficiency characterized 
by declining weight and/or ophthalmia Throughout the assay period each rat of 
the control, reference, and assay groups shall be kept in an individual cage and shall 
be provided with the v itamin A test diet and water (U S P ), ad libitum Throughout 
the assay period each rat in any assay group shall be fed two doses each w eek of the 
assay oil, and throughout the assay period each rat in any one reference group shall be 
fed tw o doses each week of the USP Vitamin A Reference Standard The first dose 
of the assay oil 'or of the USP Vitamin A Reference Standard shall be fed on the day 
beginning the assay period, and succeeding doses shall be fed at interv als of not less 
than 3 nor more than 4 day s The USP Vitamin A Reference Standard and/or the 
assay oil may be diluted before feeding with cottonseed oil fU S P ) Diluted oil 
shall be stored in the dark at a temperature not exceeding 10° C The period of storage 
shall not exceed 7 days Ihot more than 0 2 ml of the diluted oil shall be fed in a single 
dose During the assay period all conditions of environment shall be maintained as 
uniformly as possible with respect to the assay , reference, and control groups 

Recording of Data On the day beginning the depletion period and at intervals 
of not more than 7 days for the first 21 days of that period, there shall be a record 
made of the body weight of each rat From the twenty first dav of the depletion period 
until the end of the a«sa> period a record shall 1 e made of the bodv weight and eye 
condition of each rat at intervals not exceeding 5 days The eye condition shall be 
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Of the hone he «d .» dolled 

“Teeerd, shall be .nadc m.mfd-tdj o( the e.tcnt aad decree of eriataWa * 
rachitic metaphj sis ofevcrj section It shall l»e permissible to use modificatio 
the described procedure for staining prowled that sutli mollified procedures 
differentiate between calcified and uncalcified areas . _. cn th 

Recording of Data On the day loginning the assa> period and on the 
day thereafter, a record shall 1* made of the body weight of each rat A records 
be made of the quantity of nchitogemc diet consumed per rat during the M J 
period Jsumencal values shall l»c assigned to the extint and degree o T cajcifwatl 
of the rachitic metaphysis of the bones examined by the line test so that it 
possible to average the performance of each group A Line Test Chart, that m > 
used for this purpose is presented below «» . 

Vitamin D Potency of the \rsay Oil In determining the vitamin D potency ^ 
the assay od the average performance of groups w ith respect to healing of the rac n ' 
metaphj °us shall t>e considered provided that the average performance of a refen j n 
group with respect to calcification of the rachitic metaphysis shall be determined > 
the data from rats which mdiv idually show an extent and degree of calcification in 
rachitic metaphysis as determined by the line test equal to or greater than a condiu 
described as a positive macroscopic evidence of calcification, but no greater than 
extent and degree of calcification represented by the value 8 in the Line Test Chart 
presented below The data from a reference group shall be considered v alid for esta 
hulling the v itamm D potency of the assay oil only when tw o-third3 or more, but no 
less than sev en rats show indiv idually an extent and degree of calcification of t e 
rachitic metaphj sis equal to or greater than a condition described as positive macro- 
scopic ev idence of calcification but no greater than an extent and degree of calcific* 
tion represented by the v alue 8 m the Line Test Chart 4 ” presented below The da a 
from an assay group shall be considered v alid for establishing the v itamin D potencj 
of an assaj oil onlj when two-thirds or more, but not less than seven rats, show in 
div idually an extent and degree of calcification of the rachitic metaphj sis equal to or 
greater than a condition described as positive macroscopic evidence of calcification 
The data from a rat shall be considered v alid for establishing the average performance 
of a group only on the condition that the weight of the rat at the termination of the 
assay period shall equal or exceed the weight of the rat on the beginning daj of t e 
assay period and that the rat has consumed 28 g or more of the rachitogemc diet dur 
ing the assay penod and on the condition that tl c rat has consumed each presenbeu 
dose of assay oil within 24 hours from the time it w as fed 


CALCULATION! OF VITAMIN D POTENCY 
I<et It equal the total quantity of U S P V itamm D reference Standard in mdh 
grams fed to each rat in a reference group and necessary to produce in a reference 
group an average extent and degree of calcification C not less than a condition de- 
scribed as positive macroscopic evidence of calcification but less than the degree ° 
calcification represented bj the value 8 m the Line Test Chart 

I^et 1 equal the total quantitj of assay oil in milligrams fed to each rat in an assaj 
group and necessary to produce in an assaj- group an average extent and degree o 
ealcif cation equal to or greater than C 


• n TI is cl art of tt e line teat response* as seen in the radius I as been omitted See foo*" 
note 424 p 1205 
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Minimum Standard If the product of X (units per g of \ itamin D contained 

m the USP ^ itamin D Reference Standard) is equal to or greater than the minimum 
standard in U S V units per g for the oil assay ed, then the assay oil meets the mini 
mum standard for \ itaimn D potency m 

Maximum Standard If the product of ^ X (units per g of vitamin D con 
tamed in the U S P I itamin D Reference Standard) is equal to or less than the maxi 
mum standard mUSP units per g for the oil assayed, then the assay oil meets the 
maximum standard for vitamin D potency m 

VITAMIN E (TOCOPHEROLS) 

The essentiality of v itamin E for optimum nutrition has been demon- 
strated m more than fifteen vertebrate species by restricting the dietary 
intake of this vitamin and noting deficiency sy mptoms The diseo\ cry of 
Mtamm E in 1922 Mas based upon experiments of H M Evans, of the 
Umv ersity of California, showing that for normal reproductive function 
rats required a new fat-soluble factor present in crude vegetable oils and 
subsequently identified as isomers of tocopherol Later studies showed 
that this new vitamin was also essential for normal muscle metabolism, 
to maintain the integrity of the central nerv ous sy stem and the vascular 
system, and for a variety of other phy T siological functions The pathology 
of the symptoms of vitamin E deficiency has been described in great 
detail, particularly by Pappenheimer and Goettsch and by Mason How- 
ever, the exact biochemical mechanism whereby vitamin E functions 
m diverse metabolic processes in the body is still unknown This and the 
direct experimental production and recognition of vitamin E deficiency 
in human subjects constitute two of the most important problems m the 
field of vitamin E research Estimates of the human requirements for this 
Mtamm are based upon indirect evidence, such as the mean daily per 
capita consumption of vitamin E and the similarity of tissue pathology 
seen in premature infants and adults suffering from faulty fat absorp 
tion to that seen in vitamin E deficient animals 

Physiological and Clinical Aspects of Vitamin E Not all of the 
tocopherol in foods is completely available when ingested The a form 
is more efficiently absorbed than the non a tocopherols Tocopherols m 
cereal grains leafy vegetables, and practically any' natural foodstuff 
are bound in such a w ay that during passage through the digestive tract 
some of the tocopherol is excreted m the feces Balance studies in normal 
human beings show as much as GO per cent of ingested a tocopherol 
appearing m the feces Conditions interfering with fat absorption (biliary 
diseases, pancreatic insufficiency, mineral oil ingestion etc ) further 
reduce the amount of this vitamin absorbed No free or conjugated 
tocopherol is excreted in the unne Both tocopherol and tocopherol 
esters when ingested appear m the blood and are transported as the 
free form 

a Tocopherol is deposited m all tissues The pituitary and adrenal 
glands have e&pet rally high concentrations of tocopherol, over 30 mg per 

The USP Unit o! vitamin D 11 defined as the actmtj of 0 0°5 ms of vitamin Dj 
contained in tl e U.S F Vitamin D Reference Standard 
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cent, but the bulk of the body stores of tocopherol is in the adipose tissues 
and muscles 

Vitamin E deficiency symptoms de\clop in different tissues and at 
different rates depending upon species The rabbit and lamb show muscu- 
lar lesions and paraljsis within a few weeks on a tocopherol-free diet 
The rat dc\elops testicular degeneration and the chick shows softening 
of the brain (enccphalomalacia) within six weeks However, the lamb, 
rabbit, and herbn ores m general eventually develop reproductive dys- 
function, the rat shows muscle dystrophy and paralysis in about 12 to 
18 months, and the chicken eventually develops both muscular and repro- 
ductive abnormalities No common denominator of physiological function 
of a tocopherol or of reasons for species specificity and tissue susceptibility 
has been established, this makes it necessary to consider separately the 
physiology of individual tissues and organs 

Complex biochemical changes in the muscle tissue m chronic vitamin E 
deficiency are followed by histological lesions characteristic of muscular 
dystrophy The muscle shows either a gradual necrosis and replacement 
of muscle fibers with fat and connective tissue, or an explosive form of 
djstrophy involving larger portions of the muscle and accompanied by 
edema, leukocytic infiltration, and fragmentation of muscle fibers The 
former is typified by the muscular paralysis which develops in the adult 
hamster and has its histological counterpart in humans in progressive 
muscular djstrophy and dermatomyositis The explosive type of syn- 
drome is exemplified by paralysis in suckling rats late in lactation and bj 
muscle dystrophy m guinea pigs and rabbits Heart muscle is affected like 
skeletal muscle by vitamin E deficiency and rats, rabbits, sheep, and 
cows have all shown typical lesions of degeneration, pigment deposition, 
electrocardiogram changes, and functional failure Vascular abnormalities 
develop during the production of vitamin E deficiency in all specie* 
studied The dog in particular, when subjected to a high fat diet com- 
bined with kidney injury, develops a reversible artentis resembling that 
seen in human arteriosclerosis 

Dcmjclimzation, gliosis, and distortion of the axon pattern in the 
spinal cord arc seen m vitamin E deficient rats, giving nse to hypalgesia 
and progressiv e paresis 

The vitamin E deficient male animal shows testicular atrophy and 
sterility due to irreversible degeneration of the seminiferous tubules and 
to failure of spermatogenesis In the vitamm E deficient female, a 
reversible tj-pe of reproductive djsfunction occurs Ovarian function is 
normal but uterine phjsiologj is disturbed There is partial failure of 
implantation, and those fertilized ova successfullj implanted grow and 
dev clop onlj to a certain stage at which time the fetuses show general- 
ized hemorrhage die and are aborted or resorbed Administration of 
a-tocoplierol during the first half of gestation permits normal fetal 
development and parturition This reversibility of reproductive function 
in the female rat wrv es as the basis for the bioassaj method most gen 
ernllj uses! to evaluate vitamin Y potencj 

The normal rt-istame of ml blood cells to rupture, both in rtro and 
in rttro, is mnrhedlj reduced in vitamin E deficiencj \dmimstratmn of 
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a-tocopherol to the patient or addition of a-tocopherol to the in vitro 
system returns the resistance of the erythrocytes to normal. This improve- 
ment in function of red blood cells by a-tocopherol serves as the basis for 
a bioassay for vitamin E activity. 

The finding that vitamin E metabolism plays an essential role in 
cardiovascular pathology in lower animals has resulted in attempts to 
employ tocopherols therapeutically. Cases of angina pectoris, coronary' 
insufficiency, peripheral vascular diseases, etc. have been reported by 
some investigators to improve under a-tocopherol therapy', but others 
have failed to observe any' benefit in similar clinical trials. 

Fatal massive liver necrosis occurs in animals maintained on diets low 
in vitamin E and sulfur-containing amino acids. Under conditions in 
which the intestinal flora of the animal are eliminated (germ-free environ- 
ment, antibiotic treatment), liver necrosis does not develop but the 
animal dies from lung hemorrhage. a-Tocopherol administration prevents 
both the liver necrosis and the lung hemorrhage. Possibly' this prevention 
of liver injury by a-tocopherol is merely' an example of a physiologic role 
of a-tocopherol whereby' environmental, dietary', and drug stresses are 
combatted. 

Some evidence, both experimental and clinical, points to a sparing 
effect of a-tocopherol upon hormone action, particularly' insulin and the 
sex hormones This is considered a result of a-tocopherol exerting an 
antioxidant or sparing action upon the hormone metabolism. Various 
pathological states in poultry and livestock have been shown to be aspects 
of vitamin E deficiency and to respond to administration of tocopherols 
Among them are “crazy-chick disease,” “enlarged hock disease ” of turkey' 
poults, “white muscle disease” of calves and colts, “stiff lamb disease,” 
and steatitis or “yellow fat disease” of mink. 

Requirement. The need for vitamin E has been established quali- 
tatively for a variety’ of animal species. However, quantitative require- 
ments, either minimal or optimal, for various animals including man, have 
thA been determined. 

Diets of good quality consumed by healthy' persons in good economic 
circumstances average between 10 and 25 mg. a-tocopherol daily'. Re- 
ducing diets and some therapeutic-ty'pe diets furnish as little as 4 mg. 
per day'. From a curve relating vitamin E requirements for laboratory 
animals to (body' weight) 0 7 , the value for a 70-kg. animal may r be ex- 
trapolated An estimated requirement for humans of 30 mg n-a-tocoph- 
erol is thus derived. From a consideration of the results of these two 
approaches, the human requirement may be estimated as 15-25 mg. 
a-tocopherol daily. 

Biototency. a-Tocopherol and various of its derivatives have differ- 
ent relative potencies depending upon the procedure used for bioassay'. 
Esterified a-tocopherol is more potent by* the rat bioassay (in which sub- 
optimal amounts are fed) than an equivalent quantity' of free a-tocopherol, 
probably* because of the rclatnc instability' of the latter in the intestinal 
tract (see Table, p 1270). Tests on human infants and adults with 
therapeutic doses fail to show this superiority of the ester form. Hence the 
National Formulary' X considers 1 mg of synthetic a-tocopheryl acetate 
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Compound 

Molecular 

IF eigll 

Relative 

Biopolency* 

International 

Uml* per 

Natural 




i>-o Tocopherol 

430 7 

101 

0 92 

i>-« Tocopheryl acetate 

472 8 

135 


!>-« Tocophery l acid succinate 

530 8 

136 

1 21 

i>-(, Tocopheryl disodmm phosphate 

554 7 

13 

0 10 

Synthetic 




racemic-« Tocopherol 

430 7 

75 

0 68 

-o Tocophery l acetate 

472 8 

100 

1 00 (by definition) 

(International Standard) 








* Based on feed ng equivalent amounts of a tocopherol 


equal to 1 0 I U and 1 mg of natural a tocopheryl acetate equal to 1 36 
I U The free a tocopherols on the basis of their molecular Height, hate 
a biopotency of 1 1 1 U per mg for the synthetic and of 1 49 I U P er 
mg for the natural form 

Physiological Antioxidant Activity The fact that protoplasm is an 
aqucous-lipidc emulsion in which metabolic reactions occur at inter- 
faces immediately poses the problem of properly stabilizing the lipide 
phase a Tocopherol is the only naturally occurring, fat-soluble food 
antioxidant winch accompanies lipide through the intestinal tract and 
during its transport via blood or lymph to storage depots or metabolic 
sites Other antioxidants are eliminated during absorption or in transit, 
and a tocopherol emerges as the only physiological fat soluble antioxidant 
The amount of a-tocopherol deposited m the tissues is proportional to 
the quantity ingested In certain species — -for example, turkey s and pigs — 
the concentration of a tocopherol in tissue hpides is so low that turkey 
carcass fat and lard oxidize and become rancid c\ en under conditions of 
low temperature storage The cow excretes a proportional amount of 
ingested or stored a tocopherol into her milk and whenever the level 
falls belo v 20-30 pg per g mjlk fat the milk has poor stability and 
off {lav or dev elops 

Chemistry of the Tocopherols The four compounds in vegetable 
oils po^essing vitamin E activity have been isolated and their structures 
proved They were named tocopherol * (Greek, “young bearing”), an d 
found to differ only in the extent of methylahon of the ch roman nucleus 
a Tocopherol was sv nthcsized bj L I Smith and by Karrer, inde- 
pendently in 1938 The structure of a tocopherol is show n on p 1271 with 
those carbon atoms marked where asymmetry may occur, thus giving 
rise to isomers "Natural a tocopherol is the d form whereas synthetic 
vitamin F consists of a mixture of Lsomers usually designated as racemic 
DU* tocopherol 

The other tocopherols y-, and 3-tocopherols, hav e been synthesized 
and characterized However they are considered to be less important, 
since thev are loss effective phy siologK ally than o tocopherol The 
structural differences of the various tocopherols arc shown in the follow- 
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CH, 

i 

HO C CH, 

\ /"\ /'\ 

Cfl C io sCH, 


CH, 


CH, 


CH, 


Cr C» rC* — (CH S ), — C*H — (CH,), — C*H — (CH,), — CH 

/ \ s / \i/ \ I 

CH, C O CH, CH, 


CH, 

a Tocopherol 

* Points of fLS> mmctrj Natural-occurring a tocopl erol is the d form whereas 8j nthetic 
n tocopherol is a mixture of isomers 


ing scheme The fi form has about one-third the biopotency of a-tocoph- 
crol, the 7 form about one-twelfth, and the 5 form about one hundredth 


ho c cn, 

\ S‘\ / \ 

C« C CH: 

I II 

c? c 

/ w \ / \ 

C O CH, 


i — c„ 


•H„ 


The Tocopherol Nucleus 


A ame Substituents at Positions 



B 

1 

8 

a Tocopherol = Trimethjl derivative 

CHj — 

CH,— 

CHjr — 

jS 1 => Dimethyl " 

CIIz— 

H- I 

CHr- 

7 ‘ = Dimethyl “ 

II— 

CH, — 

CH, — 

8- “ = Methyl * 

H— 

1 

CH, — 


ft-Tocopherol is easily destroy ed by oxidation Esterification with 
acetic, succinic phosphoric, and other acids is commonly practiced to 
stabilize the vitamin These esters hat e essentially the same potency as 
a-tocopherol except that under certain test conditions they bioassay 
higher than the free tocopherol because of their enhanced stability 
Other changes in the molecule, such as alteration of the side chain, 
etherification at position 6, or substitution of the nng methyl groups, 
markedly reduce or completely eliminate vitamin potency Oxidation 
of a-tocopherol, which progresses through an epoxide intermediate, a 
hj droqmnone, and a free radical semiqiunone to tocopherol qumone, 
destroys the vitamin E potency for most animal species How ev cr, the 
epoxide intermediate is ph\ siologicallj active for the rat, the tocopherol 
hj droqmnone will prev ent or cure muscle degeneration m the hamster and 
the final oxidation product, tocopherol qumone, has vitamin E activity 
for the rabbit 
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estimation of tocopherol with ferric chloride dip>rldyl reagent measure: 
total tocopherols, and some procedure for obtaining onlj the n-tocophero 
content is required In foods where the tocopherol concentration is low 
7 - + 6-tocopherol concentration is measured b> dlazotlzatlon with dia 
nisldine «« (j3-Tocopherol is not measured, but this form occurs only in wheat 
products ) The a-tocopherol content is obtained by subtracting the combined 
value for 7- + 6-tocopherols from the total tocopherol value 

In preparations where at least 0 5 mg of 0- + 7- + J-tocopherols are 
available, analysis of their total content Is preferably done b> the nltroso 
method This value for the combined amount of all non-a-tocopherols, sub- 
tracted from the total tocopherol value determined by the ferric chloride 
dipyndyl method, has been used to give a measure of the a-tocopherol 
content 

Separation, isolation, and direct measurement of a-tocopherol in extracts 
of biological materials has been done semiquantltatlvely by means of paper 
chromatography. Brown 111 has reported separation of the tocopherols, using 
petrolatum coated paper strips and 75 per cent ethanol as solvent, and has 
estimated the Individual tocopherol content of various animal and vegetable 
tissues 

BIOLOGICAL METHODS 

Eians Resorption-Gestation Method, Modified by Mason and Harris.* 1 ' 
This bioassay is based upon the ability of a-tocopherol, administered to 
vitamin E deficient female rats during the first half of pregnancy, to pre- 
vent fetal death and resorption Female rats with low vitamin E reserves are 
raised on the following vitamin E low diet 


Casein, commercial unextracted 20 per cent 

Carbohydrate, starch, or sucrose 56 “ 

Fat, lard, or olive oil 10 *' 

Salt mixture 4 “ 

Brewer’s yeast, dried 10 “ 


Vitamins A and D, added to fat component 
to supply 10 units vitamin A and 1 unit 
vitamin D per gram of diet 

When the females are 150 g In weight, they are mated with normal males 
Vaginal smears are made daily until sperm (sign of positive mating) are ob- 
served The pregnant females are placed In individual cages and assigned at 
random to control or test groups 

Groups of six to ten rats are set up on four or five levels of both the unknown 
material being assayed and the standard (The International Vitamin E 
Standard Is a preparation of m.- a -tocopheryl acetate in olive oil The bio 
logical activity of 1 mg of this DL a-tocopheryl acetate = 1 International 
Unit of vitamin E ) 

The vitamin E supplement Is fed orally in five daily doses prior to the tenth 
day of pregnancy On the twentieth day of pregnancy the rats are killed and 
autopsled The uterus is inspected for live, dead, and resorbed fetuses Only 
those animals with four or more implantation sites are considered A “posi- 
tive” response is recorded for animals with one or more viable fetuses, and a 

*" Quaife J Am Chem Soc 66 303 (1&14) 

4,1 Quaife J Biol Chem 175 GOo (1943) 

4,1 Brown Bioehem J 52 523 (1952) 

*“ Mason and llama Biol Symposia 12 459 (1947) 
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“negative” for those with no living fetus. A doserresponse curve is con- 
structed relating dose (logarithm) to response (litter efficiency, i.e., percent- 
age of posith e responses expressed as probits 4 * 4 ) for both the standard and the 
unknown. These are compared at the 50 per cent end point (the Median 
Fertility Doses) and the potency of the unknown is expressed in terms of 
International Units of vitamin E. 

Rosc-Gyorgy Erythrocyte Hemolysis Test. 436 Adult rats, two to three 
months old, have red blood cells which are normally resistant to the he- 
molytic action of dialuric acid, hydrogen peroxide, and similar reagents. 
Changing the animals to a vitamin E low diet for even a few days causes the 
red cells to become susceptible to hemolysis. Administering various levels of 
a-tocopherol, either prophylactlcally or curatively, to the rats during the 
depleting period and measuring the degree of red cell hemolysis under arbi- 
trary standard conditions gives a satisfactory bioassay procedure. 

Procedure . Rats receiving various levels of pure a-tocopherol as standard 
and other groups receiving similar levels of tocopherol in the unknown 
material, both within the range to furnish 0.1 to 0.4 mg. a-tocopherol per 
day’, are used. The supplements are fed daily for two weeks and on the fif- 
teenth day blood samples are taken and tested. Obtain blood from tall of 
rats, 10 to 12 drops in a graduated 15- ml. centrifuge tube containing 2 ml. 
anticoagulant (equal parts of 0.9 per cent NaCl and 1 per cent sodium citrate 
solutions). Centrifuge and discard supernatant fluid. Dilute the red cells to 
a 5 per cent suspension with 0.9 per cent NaCl solution. 

Pipet 0.25 ml. erythrocyte suspension Into each of three test tubes or 
colorimeter tubes. To one (control) add 4.75 ml. of saline-buffer solution; 4 ** 
to tube 2 add 4.75 ml. H 4 0, which hemolyzes red cells completely; to tube 3 
add 4.45 ml. saline-buffer solution 4 ** and 0.30 ml. dialuric acid solution. 4 * 7 
Mix and incubate for 30 minutes at 37° C. Allow to stand at room temperature 
for at least two hours, invert tube, centrifuge, and measure in the colorimeter 
the red color from the hemolyzed cells. 

Calculation The reading of the control sample is subtracted from readings of both 
the test sample and the completely' hemolyzed sample The percentage of hemolysis is 
calculated as the ratio of the corrected test-sample reading X100, to the corrected 
hemoly zed-sample reading. 

Human infants, especially premature, have red blood cells which are 
hemolyzed by dilute hydrogen peroxide Administration of a-tocopherol, 
either in vivo or in vitro , prevents this hemoly'sis 433 

Other bioassays have been developed and used to a limited extent 
For example, young male rats raised for three months or more on vitamin 
E deficient diets supplemented with various le\ els of a-tocopherol, 0 0 
to 1,0 mg. daily, show testis weight proportional to the dose of a-tocoph- 


4,4 Converting percentage responses to probits (a mathematical convention), by refer- 
ence to tables, results m a straight-line dose response cur\ e instead of a sigmoid-shaped 
cur\o This makes it easier to derive a median value from the data (Bliss Ann Applied 
Biol , 22, 134, 1935) 

4,s Rose and Gyorgy Proe Soe Exptl Biol Med, 7-1,411 (1950) 

4,4 Saltne Phosphate Buffer, pH 7 4 02 M KHtPOj, 50 ml ; 0 2 M NaOII, 39 34 ml ; and 
water up to 200 ml Mix with equal -volume of 0 9 per cent NaCl 

4,7 Dialuric utcid Solution 1 mg /ml saline phosphate buffer solution (equal parts of 
phosphate buffer and 0 9 per cent NaCl solution) Since dialuric acid is easily oxidized, the 
solution should be prepared immediately before use 

4H Gj6rgy, Cogan, and Rose. Proc Soc Exptl Biol Med, 81, 536 (1952). 
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“negative" for those with no living fetus. A dose:rcsponse curve Is con- 
structed relating dose (logarithm) to response (Utter efficiency, i.e., percent- 
age of positive responses expressed as probits 45 *) for both the standard and the 
unknown. These are compared at the 50 per cent end point (the Median 
Fertility Doses) and the potency of the unknown is expressed in terms of 
International Units of vitamin E. 

Uose-Gyorgy Erythrocyte Hemolysis Test .*** Adult rats, two to three 
months old, have red blood cells which are normally resistant to the he- 
molytic action of dialuric acid, hydrogen peroxide, and similar reagents. 
Changing the animals to a vitamin E low diet for even a few days causes the 
red cells to become susceptible to hemolysis. Administering various levels of 
a-tocopherol, either prophylacticaliy or curatively, to the rats during the 
depleting period and measuring the degree of red cell hemolysis under arbi- 
trary standard conditions gives a satisfactory bioassay procedure. 

Procedure. Rats receiving various levels of pure a-tocopherol as standard 
and other groups receiving similar levels of tocopherol in the unknown 
material, both within the range to furnish 0.1 to 0.4 mg. a-tocopherol per 
day, are used. The supplements are fed daily for two weeks and on the fif- 
teenth day blood samples are taken and tested. Obtain blood from tail of 
rats, 10 to 12 drops in a graduated 15-ml. centrifuge tube containing 2 ml. 
atitlcnagulant (equal parts of £*. 9 per cent NaCl and 1 per cent smiium citrate 
solutions). Centrifuge and discard supernatant fluid. Dilute the red cells to 
a 5 per cent suspension with 0.9 per cent NaCI solution. 

Plpet 0.25 ml. erythrocyte suspension into each of three test tubes or 
colorimeter tubes. To one (control) add 4.75 ml. of saline-buffer solution;*** 
to tube 2 add 4.75 ml. HtO, which heraolyzes red cells completely; to tube 3 
odd 4.45 ml. saline-buffer solution* 1 * and 0.30 ml. dialuric acid solution.* 51 
Mix and incubate for 30 minutes at 37° C. Allow to stand at room temperature 
for at least two hours, invert tube, centrifuge, and measure in the colorimeter 
the red color from the hemolyzed cells. 

Calculation. The reading of the control sample is subtracted from readings of both 
the test sample and the completely hemolyzed sample. The percentage of hemolysis is 
cjJjxmlaJfd .as the -ratio of the corrected test-sample reading XJflO, to the ccerected 
bemoly zed-sample reading. 

Human infants, especially premature, have red blood cells which are 
hemolyzed by dilute hydrogen peroxide. Administration of a-tocopherol, 
either in vivo or in vitro, prevents this hemolysis. 438 

Other bioassays have been developed and used to a limited extent. 
For example, young male rats raised for three months or more on vitamin 
15 deficient diets supplemented with various levels of a-tocopherol, 0.0 
to 1.0 mg. daily, show testis weight proportional to the dose of a-tocoph- 
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, The seventy of testicular degc. aeration as seen histologically is in- 
versely proportional ^^“^.atoclop muscle dystrophy >» 
Rabbits fed a vitamin E dehc.ent^ In tho early and 

revcrsible^tages ofVie jl yfltr o^|‘ y j l ^ C time 'elapsed 

dot y g E theTeU,rn y ort n ,fe c^muna ,o its nnt.a, high level , pro- 
portional to the dose of tocopherol 

VITAMIN K. 

, . . , non'e Dam 4 * 8 observed a hemorrhagic syndrome in chi i 

1030 the pure vitamin was isolated from alfalfa by Dam an kl 

vanous nays possesses all or part of the physiological activity 
vitamin, thus vitamin K has vanous natural and synthcUc vjtam ■ 

Physiological and Clinical Aspects of Vitamin K. The sp ^ 
tvpe of hemorrhagic diathebis obbcrved in vitamin K deficiency 
a Wring of the prothrombin level of the plasma (ror the rote * 

tbrombinin the coagulation of blood, see p 477 ) Hypoprothromh n nua 

may, kou ever, result from other causes such as cirrhosis, chlorol 
noisomng or Banti’s disease, where liver tissue is damaged V'tamm 
Without value in hemophilia, a condition duo to a deficiency -of thr ™“ b 
plastin and hence a failure of conversion of prothrombin to t“om 
Vitamin K does not alter the dotting time of hypoprothrombmemic 01 
when added m nlro, its function in the body is to facilitate the syntlicsi 
prothrombin in the liver but it has not been definitely establis 
whether the role of vitamin K is that of a precursor or a catalyst x » 
thrombin synthesis occurs in the liver and a vitamin K “tolerance teb 
for normal liver function has been proposed In cases of prothroro 
deficiency administration of vitamin K causes the prolonged prothrom 
time to return to normal provided the impairment of liver function 

.» Dim Biochtm Z 315 474 (1J2J) 220 1^8 (1930) Biochem J 29 >273 (1935) 

... Vlmquwt and Stoic* tad J BxU Chtm 111 10. (193..) J AutrUwn 
mi Dam Ceigcr Glavind Karr er Karrcr Rothacl ild and Salon on II tit en» 

mi MacCor juodale llmkley McKee Thajer and Doisy Pruc Soc E-iptl BuJ 
40 482 (1939) 
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not reached an advanced state 445 The prolonged dotting time associated 
with hy pervitammosis A responds to vitamin It administration 444 

Chicks, ducklings, and other birds fed a \itamm It deficient diet 
develop severe hemorrhagic lesions both internally and subcutaneously, 
especially under the wings, on the legs, breast, abdomen, and neck, and in 
the intestinal tract The concomitant anemia terminates in death In 
the rat, bacterial synthesis of vitamin It 2 m the intestine, especially when 
coprophagy is possible, usually obscures the effect of a vitamin-K-free 
diet 

Simple dietary deficiency of vitamin IC is rare, not merely because of 
the presence of the vitamin m foods, but because intestinal microorgan- 
isms, especially of the coh group, synthesize the vitamin, which is released 
upon putrefactive disintegration of the bacterial cells Iv avitaminosis in 
humans is more often associated with impaired absorption of fat (and 
concomitantly of vitamin K) such as is seen m obstructive jaundice and 
biliary fistulas, as well as in intestinal disorders like celiac disease and 
ulcerative colitis In these conditions, or after removal of biliary obstruc 
tions, vitamin K is administered parenterally or orally to prevent or 
relieve the bleeding tendency When the flow of bile is obstructed, oral 
dosage of vitamin K must be accompanied by bile salts to insure its 
absorption, this may be avoided by the use of water soluble derivatives of 
the vitamin Vitamin K preparations are also used to treat hemorrhagic 
emergencies (hypoprothrombmemia) resulting from the use of anti- 
prothrombinemic drugs in thromboembolic conditions (e g , coronary 
artery thrombosis) 

The most common form of vitamin K deficiency is seen in newborn 
infants, so-called hemorrhagica neonatorum The blood prothrombin level 
is low at birth, it decreases further during the first few days, rises sharply 
and then gradually until a normal level is reached between one and two 
months of age Whether the initial hypoprothrombmemia is due to poor 
placental transfer has not been established It is significant that milk, 
both human and cow , is a very poor source of vitamin Iv The rise m 
prothrombin after birth is attributed to bacterial synthesis in the 
intestine Administration of vitamin Iv to the mother before parturition 
results in higher blood prothrombin levels at birth Direct dosage of the 
infant with as little as one microgram of the vitamin is also effective 

The minimum daily requirement of vitamin Iv has not been established 
The extremely low prophylactic dose for the infant, and subsequent syn- 
thesis m the intestine, indicate that the dietary requirement, if any, is 
small One to 2 mg of the vitamin is capable of correcting most deficien- 
cies, although the therapeutic dose maj vary with the severity of the 
hepatic or intestinal condition For further discussion of clinical aspects, 
see p 1293 

Storage and Distribution of Vitamin K. With the possible excep- 
tion of the li\cr, the organs and tissues of the bodj do not store vitamin IC 
to any significant degree In the hen, even when the ration is nch in this 


Unger Weiner and SI apiro Am. J Clin Polhol 18 S3a (194S) 

Walker Ej let burg and Moore Dtockcm J 41 575 (1047) Quick and Stefamm 
J Biol Chem 175 94o (1948) 



1278 


PRACTICAL PHYSIOLOGICAL Cll> MISTRY 


Cliap *13 


vitamin only small concentrations arc found in the various organa 
Vitamin IC is not found in the urine, the high concentration in the feces 
is due largely to intestinal synthesis .. 

Occurrence of Vitamin K. The principal natural source of vrtanunJ 
is the green leaf or other chlorophyll-containing portions of plants, thi 
form of the vitamin (IQ has therefore been named The 

vitamin is present in high concentration in spinach and alfalfa, vvhile cab- 
bage, cauliflower, seaweed, and carrot tops arc good sources Most se«ls, 
fruits, and roots (including cereals, beans, potatoes, peas) 
if any vitamin K, although soybean oil, tomatoes, orange peel, “ 1 “ Jiemp 
seed are good sources Mdk and eggs arc poor sources of vitamin it even 
when the ration of the cow or hen contains a high level of the vitamin 
Chemistry of Vitamin K. Recognition of the qumoid structure o 
vitamins K» and K, was due to the work of McKee, et al 44S at Washing- 
ton University, St Louis, and of Karrcr and Geiger 448 The former group 
established that these vitamins were derivatives of 2-mcthyl-l , 4 -naphtno- 
quinone with substituent groups in the 3 position, Kj containing tnc 
phytyl group and IC* a similar but longer (difarncsyl) side chain 

O 


/Yvr-cn 


CH, 


%/\y CKl CiI=C — (CH*)* — CII— (CH,),— CH — (CH,), CH 

H L_ i 


CH, 


CH, 


CH, 


CH* 


Vitamin Ki (C..H..O,) 
2-methyl-3-phytyl-l,4-naphthoquinone 



CH, 


CH, CH, CII, 

1 I 1 

CII,CH=C CH,(CII,CH— CCH 2 ) 4 CH,CII=C 

CH, 

Vitamin K t (CulluO,) 

2-methyl-3 difarnesyI-l,4-naphthoquinone 


Vitamin Ki is a ligiit yellow , viscid oil, whereas K 2 is a yellow crystalline 
solid (melting point 54°) Both are soluble in oil and various fat solvents 
The vitamins are sensitive to light and, as would be expected from their 
quinoid structure, are destroyed by saponification Vitamins K, and K* 
are characterized by ultraviolet absorption maxima at wavelengths of 
243, 248, 2G1, 270, and 328 m fi The qumoid nng common to these com- 
pounds is responsible for their physiological activity This is shown by 
the fact that the synthetic compound 2-methyl-l, 4 - naphthoquinone, to 

•“McKee liinklej MacCorqu nl.de Thayer and Daisy J Am Chen Sac , 61, 120a 
(193J) 

**• Karrer and Geiger //«i» Chim Acta 22, 945 (193J> 
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which the name menadione has been given, is equally as active on a molar 
basis as the natural vitamers. Menadione has a molecular w eight of 172, 

O 


ii 



Menadione (CuHsO.) 

2-methyl- 1,4-naphthoquinone 

whereas the molecular weights of IC t and IC 2 are 450 and 580 respectively 
Menadione is a yellow, crystalline compound (melting point 106°), 
slightly soluble in water and soluble in alcohol, ether, acetone, and glacial 
acetic acid and in vegetable oils. It is light-sensitive and, in common with 
other quinones, has a burning taste and is irritating to mucous mem- 
branes. The long substituent side chains of the natural vitamins dimiuish 
their solubility in w ater and, at the same time, their taste. 

Many active derivatives and homologs of menadione or the natural 
vitamins have been prepared but always with a diminution or loss of 
biological potency. Phthiocol (2-methyl-3-hydroxy-l, 4-naphthoquinone), 
a constituent of the tubercle bacillus, w r as early recognized to have slight 
vitamin K activity. Substitution of the 2-methyl group by hydrogen or 
various alkyl radicals results in marked loss of activity. Substitution in the 
3 position does not cause a serious drop in potency, although a double 
bond in the position shown for the phytyl group in vitamin ICi and a long 
branched side chain are essential in such substituted compounds. 

The hydroquinones of vitamins and K 2 or of menadione may be 
converted into diacetates, diphosphates, disulfates, etc., which possess 
lower activity than the corresponding quinones but are Jess irritating to 
the mucosa of the mouth and gastrointestinal tract. Nevertheless, certain 
of these derivatives which, unlike natural vitamin IC, are water-soluble 
and more stable to light and air have been employed clinically. Impor- 
tant among these is menadione sodium bisulfite, a white crystalline 
powder containing 49 per cent menadione 

DETERMINATION OF VITAMIN K 
Physical or chemical procedures for the estimation of vitamin IC activity 
are complicated by the presence of interfering substances (including vita- 
mins A and E), the different forms in which vitamin IC occurs in nature, 
and their susceptibility to destruction by light, heat, and aii, especially 
during the saponification and extraction steps. The method of Scudi and 
Bulls 447 involving reduction of the quinones by catalytic hydrogenation, 
and subsequent reaction of the hydroquinones with 2,C-dichlorophenol 
indophenol, appears to offer the best approach to the determination of 
vitamin IC in extracts of natural materials including blood and plasma. 


Scudi and Buhs: J. Bwl. Chem , 141,451 (1941); 143, CCS (1912). 144. 599 (1942). 
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The extent of the reaction is measured m a photoelectric colorimeter 
1 he use of bydrosulfite has been recommended to avoid destruction of the 
vitamin during saponification 

ASSAY FOR VITAMIN Iv 

Biological Method of Almquist “* Principle The assay is based on the relative 
doses of assay material and of standard menadione required to restore the prothrom 
bin clotting time of the blood of vitamin K depleted chicks 

Procedure One- or two day old chickB are placed in heated (90° to 95° F ) 
battery brooders with wire-mesh floors To prevent consumption of vitamin 
K from bacterial synthesis, food and water should be provided through 
apertures outside the cage, and moist or soiled food should be discarded 
The following ration is fed ad libitum 


Sardine meal (e ther extracted) 

17 5 

Dried brewers jtast (ether extracted) 

7 o 

Ground polished ncc 

72 5 

Codlivcr oil 

1 0 

Calcium carbonate 

0 5 

Manganous sulfate 

0 OOo 


After 10 to 14 days, when the clotting time of the blood of 5 per cent of the 
chicks is 15 minutes or more, divide them into groups of 12 (Determine 
clotting time as follows Withdraw a few drops of blood from clean cut of 
exposed wing vein Place In small vials and shake in water bath at 38 5" to 
39 C Time from withdrawal of blood to formation of a firm clot ) 

Maintain one group on basal ration as negative controls, at least two 
groups on different dosages of U S P menadione, and at least one on each 
product to be assajed Administer doses orally in 0 1 ml water or ethyl 
laurate, depending on solubility Open mouth of chick by applying P res 
sure at the corners so that the dose may be given with a tuberculin syringe 
(fitted with a blunt edged needle) well down In the throat Do not permit 
access to food or water for one half hour after dosage Repeat dosage for 
four days at 24 hour Intervals 


Determine prothrombin clotting time on all chicks 24 hours after ad 
ministration of last dose, as follows Place 0 2 ml of 0 1 M sodium oxalate 
In short, narrow tubes graduated at 2 ml Introduce 2 ml blood from each 
chick Into a tube (Dlood may be obtained by decapitation with scissors and 
direct ng flow into tube with fingers ) Shake thoroughly Pipet 0 1 ml por 
tlons Into small flat-bottomed vials (15 X 50 mm ) Add 0 2 ml of clotting 
agent and start timing with stopwatch Place vials in thermostatically 
controlled water bath at 38 5’ to 39' C so that they are tilted at an angle of 
43 In a device to permit moving them to a vertical position once per second 
When gelatinous film (clot) covers bottom of record 
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“prothrombin time ” Duplicate test on each blood sample until results 
a£ree within 2 seconds 

Calculation Plot the mean prothrombin tune (MPT) against log micrograms of 
menadione for reference groups and draw best-fitting straight line Interpolate 
equiv alent dosage of assay material (1 Mg menadione = 1A.0 AC unit of vitamin K 
activity ) 

THE PHYSIOLOGICAL AVAILABILITY OF THE VITAMINS 
The vitamin content of a food, or of the diet as a whole, as determined 
by chemical or microbiological assay, does not alw ays constitute a reliable 
indication of the actual amount of utilizable vitamin consumed Failure 
of foods to be completely digested and absorbed from the intestinal tract, 
tn vno destruction due to oxidation or incompatibilities among the 
dietary constituents, abnormal pH conditions due to gastric hypoacidity 
or the use of antacids — these are among the many factors which influence 
the physiological availability of the vitamins Vitamins often exist m 
nature m firm union with protein or other compounds, necessitating 
hydrolysis prior to chemical or microbiological assay to a degree not 
duplicated m the gastrointestinal tract Animal assays are a better 
measure of physiologically available vitamins, although they do not 
always simulate conditions m man For example, assay materials some- 
times have to be subdivided or dissolved in order to feed the small doses 
required by animals, moreo\er, purified basal rations deviate consider- 
ably from the diet of man 

These factors emphasize the desirability of a human assay technique for 
determining physiologically available vitamins in foods and other sources 
and for determining the effect of various conditions which influence their 
availability A highly reproducible procedure developed by Melmck, 
Hochberg, and Oser, 4SQ is based on the fact that normal human subjects 
Subsisting on a complete diet excrete the water-soluble vitamins m the 
Urine in direct proportion to the quantity consumed above the adequate 
basal level These vitamins may be excreted either unchanged or as 
derivatives The linear relationship of excretion to dosage is established 
for a group of experimental subjects by feeding the vitamins m pure solu- 
tion, the form in which they are most completely available Fig 292 
illustrates a senes of such unnary excretion studies for thiamine, nbo- 
flavin, niacinamide, and ascorbic acid To determine the physiologically 
available vitamin content of an unknown matenal, the experiment is 
repeated, feeding an amount of the test food furnishing (according to 
chemical or microbiological analysis) a critical dose of the vitamin in 
question The relation between the extra urinary excretion of the vitamin 
in the test dose and m the pure solution constitutes the index of physio- 
logical axailabihty For example, if under the test conditions three- 
quarters as much extra thiamine (i e , above the basal excretion lev el) is 
found in the 2-i-hour unne following the ingestion of a given food as was 
excreted following the ingestion of an equivalent amount of thiamine m 
the form of the pure solution, the physiological availability of the thia- 
mine in the test food is sud to be 7> per cent 

Melni(.k Hoc littery, and O&er J Xulrtixon 30, G7 (1945) 
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The illustrations of the application of tins ttchmcpic uluch follow arc 
tahimfrom the work of Mein, eh, Hocliberg, and Oser -T he method ma> 
be applied only to those \ itamins normally excreted m the unnary tra , 
■which of course excludes the fat soluble \itaxnms 
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Riboflavin in crol Jest dost 
taken postprandial!* N totmarnide in orol ted dost 
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Fig 292 The I iveab Relationship between Dosage with the Water 
BOLCBLE \ ITAMINS AsCOBBK Veil) TlUAMINE RIBOFLAVIN AND Nl COTIN AM 
ide and the Extra Lsisary Excretion of the Vitamins (ob Derivative) 

The test doses in aqueous solution (pH 3 0) were taken orally immediately 
after dinner The fine lines represent the responses of the individual subjects, 
whereas the heavy line indicates the average responses. 

Any suitable method may be employed for the analysis of the urrne for 
the vitamin and its metabolites It is worth noting that thiamine is ex- 
creted in the unne as the free unpho^phorylated vitamin, ascorbic acid is 
largely, but not entirel} m the reduced state so that reduction of the de- 
li} dro form is necessary nicotinic acid is excreted principally as the meta 
bolite N’-methylmcotmamide, and vitamin Be chiefly as pyndoxic acid 
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Determinations of the physiological availability of the vitamins em- 
ploying this procedure h*v\ c been reported for pharmaceutical tablets m 
which the vitamin mgi edients are protectively coated to insure their 
stability, for the thiamine m live jeast cells, for ascorbic acid as influ- 
enced by the presence of copper or ascorbic acid oxidase, for thiamine as 
influenced by the presence of the antithiamine factor in raw fish such as 
clams, and for the B vitamins in the presence of adsorbing agents 

Determination of the Physiological Aiailabtltty of Thiamine in Lne Yeast 
Cakes Principle. Unless yeast cells arc destroyed by autoljsis or heat they yield 
only a small proportion of their thiamine content in the human gastrointestinal tract 
Subjects m whom nutritional equilibrium has been established each receive, on a con- 
trol day 6 rag of thiamine in pure solution and in di\ ided doses after each meal After 
an intervening period has elapsed the same subjects receive 6 mg of thiamine (deter 
mined by chemical analysis) in the form of live yeast cakes similarly divided after 
meals The ratio of extra thiamine excretion in the test and control days is the meas 
ure of physiological availability of thiamine in the yeast product. 

Composition of Bas\l Diet 


Breakfast 


1 orange 

150 g 

2 butter squares 

14 g 

2 slices of toast (enriched) 

50 g 

1 glass of milk 

230 g 


Luncheon 


1 steak (lean) 

150 g 

5 butter squares 

35 g 

1 serving of fried potatoes 

65 g 

1 glass of milk 

230 g 

1 serving of carrots 

60 g 

1 serving of apple pie 

155 g 

1 serving of beets 

70 g 

2 hard sugar candies 

12 g 

2 slices of toast (enriched) 

50 g 




Supper 


2 fried eggs 

90 g 

I glass of miffc 

230 g 

1 lettuce serving 

25 g 

1 apple 

150 g 

1 tomato serving 

70 g 

1 banana 

150 g 

2 slices of bread (enriched) 

60 g 

2 hard sugar candies 

12 g 

4 butter squares 

28 g 




Analyses Conducted on Aliquots of the Composite Diet 


Proximate Analysis 

Values Found 451 

Vitamin Content 

Values Found m 

Total weight 


2075 g 

Thiamine 

1 34 mg 

Total solids 


540 g 

Thiamine Calorie 

ratio 0 5 

Moisture 


1535 g 

Thiamine Nonfat 


Protein 


101 g 

caloric ratio 0 9 

hat (ether extract) 


129 g 

Ascorbic acid 

115 mg 

Vsh 


22 g 

Hiboflavm 

2 54 mg 

Crude fiber 


6 g 

Niacin .. 

22 0 mg 

Carbohydrate (by difference) 

2S2g 



Caloric v alue 


2710 Cal 



Nonfat calories 


1550 Cal 




*‘ l Expressed m terms of total food consumed in the three meals. 
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Procedure A group of five subjects in good nutritional status, but not 
unduly saturated with respect to thiamine, is assigned for four da>» to a 
complete diet (as illustrated In the table above) The dietary schedule Is as 
follows a basal day followed Immediately by a control (standard dose) day , 
then, after an internal of one to two weeks another basal day followed im- 
mediately by a test (assay dose) day Just before the largest (noonday) meal 
of each basal day, the urine is voided and discarded The urine collection is 
then begun (in a 2 liter brown glass bottle containing 20 ml 10 per cent 
sulfuric acid as a preservative) this marking the beginning of the control (or 
test) period On the control day, 2 mg thiamine, dissolved In water or milk, 
ia taken after each meal The 24 hour urine is collected as described above 
At least one week (preferably two) should elapse to provide for complete 
flushing of this control dose, during which no remaining collections are made 
and the subjects are free to eat adequate diets of their own selection *** The 
basal diet Is then resumed and the urine collected for a 24 hour period On 
the succeeding (test) day the same diet is consumed, but In place of the 
thiamine supplement of the control period each meal Is supplemented with 
a suspension of yeastcake in milk or water furnishing the equivalent of 2 mg 
of thiamine (It is necessary, of course, to establish the thiamine content of 
the yeast under test by actual analysis rather than to assume the quantity 
stated to be present on the label ) 

Analyses of the 24 hour urine collections made on the basal, control, 
and test days are performed according to the colorimetric method described 
on p 1144 

Calcllation From the thiamine excretion of both the control and test days, sub- 
tract that of the preceding basal days If the absolute increment of thiamine intake is 
not identical on the control and test days express the increment in thiamine excretion 
as percentages of the respectiv e supplementary doses The extra excretion of thiamine 
following yeast dosage divided by that following dosage m the form of pure solution 
multiplied by 100 gives the percentage physiological availability of the thiamine con 
tamed in the yeast 

The experiment may be so extended that each test penod is allowed to run for 48 
instead of 24 hours. In experiments reported by the authors of this method *** this was 
done in order to eliminate the pa&abdfty of a delayed rate of absorption of thiamine 
from live yeast cells as compared with pure solutions That this does not occur is 
illustrated by the data in the table on p 128o 

Effect of Dietary Thiamtnase in Fish Products 414 Chastek paraly sis an acute 
dietary disease of foxes is caused by including 10 per cent or more of certain species 
of uncooked fish m the diet and may be cured or prev ented by giv ing adequate amount* 
of thiamine tli Thiamine deficiency has been observed in cats fed a diet consisting ex 
clusively of salt-water hemng.‘« The enzymic nature of the antithiamme factor was 
suggested by the fact that concentrates possessed protein characteristics and reacted 
like a typical enzyme toward inhibitor substances The over-all reaction has been 
demonstrated to be tl e hydrolytic cleavage of the vitamin between the pyrimidine 
and thtazole rings. “* 

The antithiamme factor has been found in Lo out of 31 species of fresh water fish 


Pork meats and pharmaceutical vitamin preparations especiallj should be avo ded 
*** Hocbberg Melmck and Oscr J \ idnlusn 20 201 (104.5) 

MelmckHoch berg, and Oeer J \n/ri!ton So 81 (1&A5) 

“‘Green Carlion and Evans J \ ulrUiorc 23 ICo (1942) 

Smith and FMutt Proc Soc Ex pit Biol Med 56 1 (1044) 

* bealock and Goodlaod J Am Chetn Soc 66. ^07 (1044) 

“* Kramp.tr and Woolley J Bxol Ch* m 1ST. 0 (l»U) 
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Hate and Degree of Urin ar\ Excretion of Thiamine Following Dosace 
of the Vitamin in Live Yeast Cakes and in Pure Solution 


Subject 

Control Period 

Test Period 

Basal 

Excretion 

After 5 76 mg of 
Thiamine in Solution** 

Basal 

Excretion 

4 flcr 6 hue Yeast 
Cakes * 00 

1st 24 hrs 

2nd 24 hrs 

1st 24 hrs 

2nd 24 hrs 


Mg per day 

Mg per day 

D M 

0 20 

1 56 

0 55 

0 25 

0 44 

0 25 

MH 

0 20 

1 68 

0 59 

0 24 

0 56 

0 37 

EM 

0 20 

1 67 

0 64 

0 28 

0 37 

0 29 

JC 

0 26 

1 7S 

0 57 

0 23 

0 70 

0 40 

HH 

0 17 

1 4S 

0 45 

0 21 

0 30 

0 22 

Average 

0 21 

1 63 

0 56 

0 24 

0 47 

0 31 


0 47 - 0 24 

1 63 - 0 21 


X 100 


(0 47 + 0 31) ~ 2(0 24) 
(1 63 + 0 56) - 2(0 21) 


- 16 2 per cent a\ ailability 

(as measured by first 24 hrs ’ excretion). 

X 100 = 17 0 per cent availability 

(as measured by 48 hrs ’ excretion) 


tested/* 1 in. clams/** in the Atlantic herring, in whiting, and in the Pacific mackerel, 
ojsters are among the fish not containing this factor In many parts of the world, fish 
are eaten ran or only slightly heated (e g , smoked) The follow mg experiment demon- 
strates the effect of the thiamin ase in raw clams in subjects receiv mg thiamine as a 
dietary supplement, and the inhibition of this effect by heat mactn ation of the de- 
structive enzyme This experiment may be performed with certain other edible raw or 
lightly smoked fish 


Procedure. Whip 100 g. raw clams in 400 ml. water in a Waring Blendor. 
Adjust 100 ml. of this suspension to pH 4 5, and boil under reflux for 20 
minutes. Cool and readjust to original pH. Prepare an aqueous thiamine 
solution containing 250 pg. per ml. Set up three 100 - ml. centrifuge tubes as 
follotvs (1) 50 ml. water plus 1 ml. thiamine solution, (2) 50 ml. unheated 
clam suspension plus 1 ml thiamine solution, (3) 50 ml. heated clam sus- 
pension plus 1 ml. thiamine solution. 

Store the suspensions for 6 hours at 37° C. with frequent agitation. Centri- 
fuge. To 10 ml. of the clear supernatants, add 10 ml. of phenol-alcohol re- 
agent and complete the colorimetric test for thiamine described on p. 1145. 

For the m ytvo availability study, choose five normal subjects with good 
dietary histories. Feed the basal diet shown on p. 12S3, starting at noon, and 
collect 24-hour urine samples In 2-liter bottles containing 20 ml. 10 per cent 


“* Taken aa three 1 92-mg dose-3 of thiamine in milk one after each meal 
4 *® Containing 5 75 mg of thiamine Two cakes, containing 1 92 mg., suspended in milk 
and taken after each meal 

«** Deutsch and Hasler Proc Soc Ezptl Biol Med , 53, 03 (1913) 

*“ YToollej ? Personal communication (1913) 
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sulfuric acid On the second day, just after the midday meal, feed 5 mg 
thiamine in 30 ml aqueous solution and collect the second 24 hour samples 
Before starting the test period allow two weeks to intervene during which 
the subjects return to their usual, adequate diets The test period comprises 
four days On the first three feed the subjects the basal diet, but at the end 
of each meal, add a fresh, raw clam weighing approximately 35 g (without 
the shell) which may be swallowed whole At the beginning of the fourth day 
(after the midday meal) the subjects ingest 5 mg thiamine in 30 ml water 
followed by a clam Continue the experiment till the end of the fourth day, 
feeding a clam with each meal as before Collect 24 hour urine samples on all 
four days 

Analyze the urine samples for thiamine as described on p 1144 Note the 
prompt and marked decrease in basal urinary excretion values when clams 
are ingested Note also the effect of the clams on the test dose of the vitamin 

VI STUDENT EXERCISES 

1 Demonstrations of Vitamins A, D} D and G Divide at least six rats 21 to 
28 days old into two groups so that there are twice as many rats in one group 
as in the other Keep the rats in individual cages and follow the instructions 
for their care outlined on p 1364 ff Feed ad lib one of the following diets to 
the larger group (experimental) and to the other group (preventive controls) 
feed the same diet plus one of the indicated supplements daily (except 
Sundays) 

(a) Vitanun A Deficient Diet ( see p 126 2) Supplements One drop U S P 
codhver oil daily or one pg of 0 carotene in 0 1 ml of cottonseed oil, or 3 
drops of butterfat 

Weigh rats semiweekly and note changes in growth, vaginal smears (usu 
ally during the fourth week), condition of the eyes, and appearance of the 
lur Compare the experimental group with the control group Allow half of 
the experimental group to continue on the basal diet until they die at which 
time perform autopsies noting the presence of localized infections in the 
respiratory tract, tongue abscesses renal calculi etc When growth has 
definitely ceased on the basal diet begin to feed the remainder of the experi 
mental group one drop of codhver oil (or other source of vitamin A) Record 
your observations 


(6) Thiamine Deficient Diet ( seep 1147) Supplements 0 5 g dried yeast 
3 0 g whole wheat flour 5 pg of crystalline thiamine diluted in 100 mg con 
fectloners* sugar-cornstarch mixture (1 1) 

Weigh rats semiweekly Beginning with the third week note signs of 
polyneuritis Spin the rats by rolling the tail between the hands Convulsive 
seizures following this treatment are evidence of polyneuritis When this is 
observed for two or three consecutive days begin to feed half of the experi 
mental group a thiamine containing supplement Allow the remainder of 
the experimental group to continue on the basal diet until death Plot growth 
curves and compare with curative and preventive control groups 


(c) Vitamin D Deficiency (see p 1261) Supplements One drop of U S P 
codliver oil or 0 1 g of irradiated yeast “» or one hour s exposure to sunlight 
(If the weather Is sufficiently warm) or 15 minutes* exposure at a distance 


•* Irradiated >ea»t ma> be prepared t y exposing a thin later OA u 
jeast at a distance of 18 met es from a quartz a ercury vapor or ca 


minutes raking o 


e Burf&ce every 5 minutes 


of dried brewers 
are lamp for 20 
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of 30 inches from a source of ultraviolet radiation. Feed the experimental and 
preventive control groups either of therachitogenic diets described on p. 1261. 

Record body weights at semiweekly intervals, and after three weeks ex- 
amine each rat for evidence of rickets. Note posture, gait, paralysis of hind 
legs, enlargement of knee joint, etc. Sacrifice one rat from each group, per- 
form autopsy (note beading of rib cartilage) and line test of the tibia as 
described on p. 1265. If possible, take roentgenograms of at least one rat in 
each group (cf. Fig. 2S9). After definite, gross sighs of rickets are observed in 
the experimental group (between three and four weeks), add a vitamin D 
supplement to the diet of half the group for a two-week curative period. 
Repeat above examinations for rickets. Compare all animals at autopsj. 
Dissect tibiae free from connective tissue, wrap in marked filter paper, extract 
for 24 hours with acetone in a Soxhlet extractor, dry in oven, and determine 
bone ash on “dry fat-free basis.'* 

(d) Riboflavin Deficient Diet ( see pp. 1163-4): Supplements. 3 ml. whole 
miJk; or, 0.2 g. dried brewers' jeast; or, 10 ,ug. crystalline riboflavin. 

Weigh rats semiweekly. When growth ceases in the experimental group, 
continue half of the group on the basal diet and add to the diet of the other 
half the same supplement fed the preventive control group. Plot growth 
curves over a total period of six to eight weeks. Note any signs of alopecia 
or dermatitis. 

2. Demonstration of Vitamin C Deficiency (Scurvy). Divide six guinea pigs 
weighing about 280 to 300 g. into an experimental group of four, and a pre- 
ventive control group of two. Feed both groups ad lib. one of the scorbutl- 
genic diets described on p. 1239, supplementing the diet of the preventive 
controls daily with one of the following: 1.5 ml. of fresh orange j'uice; or, a 
fresh carrot or small potato; or, 0.5 ml. freshly prepared 0.1 per cent ascorbic 
acid. Liquid supplements should be pipetted directly into the mouth; the 
ascorbic acid solution may be sweetened with cane sugar. 

Weigh guinea pigs semiweekly; beginning with the fourteenth day ex- 
amine daily for signs of scurvy (see p. 1240) in the experimental group, par- 
ticularly, sensitive joints, hemorrhagic gums, loose teeth, and characteristic 
posture. These should become pronounced during the fourth or fifth weeks. 
However, when definite sjmptoms are noted and growth has stopped, begin 
to feed half the experimental group the same antiscorbutic supplement 
which the preventive controls receive. Terminate the experiment after a six 
weeks' curative period. Autopsy each guinea pig either at death or at ter- 
mination, comparing the negative controls with the preventive and curative 
groups. Examine especially for enlarged joints in ribs (beading) and leg 
bones, subcutaneous and intramuscular hemorrhages, loose, fragile teeth 
and soft hemorrhagic gums. 

3. Demonstration of Vitamin E . Place two male (A and B) and two female 
(G and D) rats at weaning, on the vitamin E deficient diet described on p. 
1274 and two males (E and F) and one female (G) on the same diet supple- 
mented with a dally allotment of 3 drops of nonrancid wheat germ oil. At 
the age of about three months, mate these rats in the following sequence 
(removing the supplement-fed rats from the cage for their daily dose of wheat 
germ oil): 

I. Male E with females C and D. 

Allow mating to continue until each female shows a t> pical resorption. 

(The first impregnation may result in the birth of a litter.) (See IV.) 
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Stigmas Suggesting Deficiency 
of Vitamin A 

Xerosis of the conjunctiva 
Thickening with loss of transparency, so that 
onl> the more superficial vessels of the bulbar 
conjunctiva are clearly seen, associated with 
more or less yellow pigmentation, t^peciaOy 
along the horizontal meridian of the eyeball 
infrequently associated with small foaiulikc 
plaques called Bitot’s spots 
Papular eruption* of pilosebaceou* follicles 

V grater-like feel, which in early stages resembles 
gooseflesh but, when more fully developed pre- 
bents the picture of keratosis pilans The ex- 
tensor surfaces of the arms and thighs and the 
flexor surfaces of the legs are primarily affected 
\ero»u or asleaUm « of the sLm 
ft, “' “I* 1 ennkhng, e , t „,„c 

cmm resembling alligator skin l n early 
the condition i, associated «ith keratosis pilam 
but it persists and extends after follicles l.atc 
disappeared the body hair, beng broken and 

1°”' r t ar “ 01 * h ” b “ ly “1'tnl. but 

the skin of the extremities, particularly „r the 

lift," T°'°i “' crely alI «fed than the skin or 
the head and the trunk 

Follicular conjunctivitis 

2C£' “ Particularly of the 
V i ykt blindness 

SK T ^ «' -ere 

Keratomalacia 

Thickening rrith subsequent ulceration and 
necrosis of the cornta present only u, „ ost 
—ere and adsanced tom., of deficiency 


Treatment of Vitamin d 
Deficiency 

Early deficiency slate 
23,000 US P units of vita 
nun V twice dail> for t*o 
montlis or longer 


More chronic stales 
2o,000 U S P units of vita 
min A two to three t» mf3 
daily for a prolonged period 


Stigmas Suggesting Deficiency 
of Thiamine 

U„ el tlrenjlh of the quadrreep, dispreport, 
ot S'"" 111 strength, evidenced 
difficulty rising from the srpiatting po„t, 0 
“ '^“>1 ««« first of the toesTnd h 

of the malleoli and tibias 

IWremn, c{ cahet and hypcretlheiui of 

T* **• °> «*« oetilir. fcn*„ , 

patellae reflect, f a * Other tendon reflexes 

“ryVntn ,taB “ U “ l-'f-eunti. 


Treatment of Thiamine 
Deficiency 
Acute deficiency state 

10 to 20 mg or more of 
thiamine twice daily until re* 
hef of symptoms, this B> a ) 
be days or w eeks 
Chronic deficiency slate 
o to 10 mg or more of 
thiamine twice daily for ■» 
prolonged period 


oints found 
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Enlarged heart with dependent edema and elevated 
\enous pressure Poor response to rest and 
administration of digitalis unless thiamine is 
given This is a late manifestation of severe de- 
ficiency (beriberi heart) 

Papillary edema xcilh retinal hemorrhages associ- 
ated w ith ophthalmoplegia and pol> neuritis The 
condition is a late manifestation of severe 
deficiency 


Stigmas Suggesting Deficiency 
of Riboflavin 

Congestion of the limbic ptexus 
Visible with a small hand lens or the +20 lens 
of the ophthalmoscope, invasion of the cornea 
by capillaries arising from this plexus (vascu 
lanzation) requires a biomicroscope and slit lamp 
for detection 
Cheilosis 

Represented in chronic deficiency by excessive 
and irregular wrinkling, in acute deficiency by 
spelling and erasure of the normal wrinkling of 
the bps Reddening, thinning, scaling, chapping 
of epithelium are associated 
Angular stomatitis 

Various combinations of erythema and open 
Assuring in the angles of the mouth with or 
without a white, moist maceration (perleche), 
scars of healed fissures 
Djssebacia 

An erythema overlaid with somewhat greasy, 
flaky accumulations resembling hoarfrost, noted 
mostly in the alae nasi, canthi, pinnae, and other 
folds of the skin, accompanied in some cases bj 
coarsening and elevation of the sebaceous folli 
cles of the nose and cheeks, the latter also seen 
w ith deficiency of vitamin A. 

Magenta tongue 

A purplish red coloring with moderate edema 
and flattening of filiform papillae, obscr\ed m 
more ad\ anced deficient} 


Treatment of Riboflavin 
Deficiency 

Acute deficiency slate 

5 mg of riboflavin three times 
daily for weeks 
Chronic deficiency slate 
3 to 5 mg of riboflavin throe 
times daily for a prolonged 
period 


Stigmas Suggesting Deficiency 
of Niacin 


Treatment of Niacin 
Deficiency 


Edema of the tongue 

Shown bv dental indentations 
Increased redness of (he tongue 

Beefy red in chronic states, scarlet red m si \ ere 
acute deficiency 

Congestion arui hypertrophy of the papillae of tie 
tongue, fa’loued by fusion an l atrophy 

In earl} stages the fungiform papillae are con 
gested and hypertrophied This is followed bj 


lcidc deficiency slate 
100 mg or more of nincinain 
ide twice daily for weeks 
Chronic state 

100 mg of niacinamide twice 
daily ov cr a prolonged period 
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II. Male F with female G. 

Allow mating to continue until two live litters are born ana can 
through the lactation period. 

III. Males A and B with female G. 

After one month, during which no pregnancy should result. Km 1X1 
A, weigh the testicles and examine histologically. Compare w 
normal male E, of the same age. 

IV. Begin feeding male B and female C, 3 drops of wheat germ oil daily * 
conclusion of previous matings Mate F with C and D. Only G shou 
produce a live litter while D should show resorption. 

V. Male B with female G. 

No live litter should result In spite of the proved fertility of female . 
Record your observations and draw conclusions as to the effect o 
vitamin E deficiency on male and female fertility. 

4. Studies on the Planning of Experimental Diets. With the aid of the data 
given in the various tables on pp. 1335 to 1363, and of other available reference 
books from which the calorific value, nitrogen content, vitamin content, 
etc , may be obtained, plan experimental diets as described below, using th e 
following dietary constituents. Casein, egg albumin, gelatin, gluten, who e 
wheat, lean beef heart, dried milk, dried liver, starch, sugar, agar, lard, 
hydrogenated vegetable oil, butter, butterfat, codliver oil, dried yeast, orange 
juice, tomato juice, salt mixtures (see pp. 1262, 1374, and 1375) etc. 

Plan diets which may be predicted to have the following effects, and hand 
In a report to your instructor explaining the reasons for your selections 
Include in this report the calorific value, the protein content, and any other 
properties of the diet your instructor may suggest 

1. A diet that will produce ophthalmia 

2. A diet that will promote growth but cause rickets. 

3. A diet that will cure or prevent rickets. 

4. A diet that will prevent growth but not cause rickets. 

5. A diet that will restore growth following Diet 4 

6. A diet that will prevent normal reproduction. 

7 A diet that will cause scurvy 

8 A diet that will cure or prevent scurvy. 

9. A diet that will cause ketonurta. 

10 A diet that will correct this ketonurui. 

11 A diet that will cause polyneuritis. 

12 A diet that will cure polyneuritis 

13. A diet that will be conducive to longevity and the birth and rearing °J 
sturdy offspring 

14. A diet that will produce a dermatitis in rats 

15 A diet that will cure this dermatitis 

16 A diet that will cause anemia in rats 
17. A diet that will correct this anemia. 


CLINICAL VITAMIN DEFICIENCIES 
SYLLABUS OF “STIGMAS, SYMPTOMS AND THERAPY” 
OF THE COUNCIL ON FOODS AND NUTRITION OF THE 
AMERICAN MEDICAL ASSOCIATION** 

The stigmas and symptoms associated with deficiency of vitamin A, thiamine, 
riboflavin, macm, ascorbic acid, vitamin D and vitamin K are listed in this syllabus 
together with a statement concerning treatment of each deficiency Deficiencies of 
several vitamins, notably biotin, py ridoxine, pantothemc acid, and vitamin E, are 
not accompanied by stigmas w hich can be recognized at present 414 The subject is 
in a stage of fluidity and development which probably will necessitate early revision 
or amplification Particularly is thi3 true of the diagnosis and treatment of deficiency 
of folic acid Tins vitamin has been prepared in isolated form so recently that its 
consideration here is omitted Not many of the stigmas listed are diagnostic of a 
vitamin deficiency in themselves, but the occurrence of several of these stigmas jn 
association is at least presumptive evidence of some nutritional failure Vitamin 
deficiencies commonly encountered in clinical practice arc multiple Scrutiny of the 
dietary history is indicated in cases in which several of the stigmas listed are present 
Due attention should be paid to the well known fact that stresses such as pregnancy, 
exposure or disease may occasion the development of deficiency states when the diet 
otherwise might be considered adequate. 

Treatment for a deficiency involves administration orally or, if need be, parenter- 
ally of large enough doses of the vitamin to be of therapeutic value and continuation 
of this treatment for long enough periods to assure a satisfactory therapeutic trial 
However, since the diagnosis is necessarily presumptive in many instances, exclusive 
dependence on specific therapy is justified only infrequently, and basic to good treat 
ment m all cases is n diet planned to be adequate nutritionally and assurance that the 
diet is eaten 4M The diet is important for the education of the patient and as a means of 
dispensing factors heretofore not isolated which, will he contained in the foods of such a 
diet Lihew ise helpful in treatment because of its content of factors not as y et identified 
is some good source of the vitamin B complex as a whole Products such as brewers’ 
yeast or an extract of such yeast, wheat germ, extracts of cereal grasses or of rice 
bran, crude extract of liver or desiccated liver represent such sources For a patient 
who cannot take foods or drugs orally or in whom absorption is poor, crude liver ex 
tract may be given intramuscularly or even on occasion it may be diluted with stenle 
isotonic solution of sodium chloride or dextrose and administered by vein 


Reproduced through the courtesj of the American Medical Association from J Am 
’fed Assoc 131, 666 (1946) 

4,1 Handbook of tfuiritxon A Symposium Prepared Under the tuspu.es of the Council 
on Foods and Nutrition of the American Medical Yssociation 1943 
w * Jolhffe J Am. Med. Assoc 129, 613 (1945) 
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hypertrophy of tlie filiform papilla* and lalt r by 
their flattening As they atrophy they fuse or 
mat together with multiple Assuring to give a 
cobblestone appearance and finally baldntsa, 
Vincent's infection of tongue and fauns, ulcera- 
tion and pseudomembrane formation may or 
may not accompany these changes in the more 
advanced stages of this deficiency 
Dermatitis 

] rythuna, rough scaling, with ulceration and 
formation of bullae, affecting primarily areas of 
the skm expos* d to light, naim Jy, wrists, ankles, 
neck, and face , observed only in severe deficiency 
(pellagra) and then frequently associated with 
diarrhea and d( in cut in 
h ncepludopathy 

Clouding of consciousness, cog w he* 1 rigidity, and 
grasping, sucking reflexes observed in acute, 
severe deficiency 


Treatment of Ascorbic Actd 
Deficiency 

Acute or subacute deficiency 
stale 

100 mg or more of ascorbic 
acid daily for weeks 
Chronic deficiency stale 

100 mg of ascorbic acid three 

tunes daily over a prolonged 

. — — . period 

observed in chronic deficiency 
lletraclion of the gums 

t-eaviwg \x tween gum and tooth 

secondary infection and resulting pyorrh* a ob- 
served in chronic deficit ncy 
Ijoosemng and shilling of the teeth 
Increased capillary fragility 

Manifested by pcteclnal he in* rrhages of the 
skin especially m the tourniquet t*st obs* rved 
in more s* m rc acute and subacut* dc fi* icncy 
1-asy bruising spontaneous tcchyrnosi* of the 
skin idiopathic hemorrhage into joints and slow 
hi aling of w minds obs* rved in s< vere acute and 
subacute deficiency 


Stigmas Suggesting Deficiency 
of Ascorbic Acid 

Redness, etlema, lerulerntss, and Heeding on pres- 
sure <>/ the yu riM 

Observed in acute or subacute difiruncy of 
moderate s* verity, sometimes with, but usually 
without, other signs of ascorbic a< id deficit ncy 
Thickening and increased firmness of the gums 
With rr cession and exposure of the base of the 
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junctions (beading, rachitic rosary) and bulging 
forehead (cranial bosses) which respond to treat- 
ment are found in infancy and in the rare 
example of late rickets 


Stigmas Suggesting Deficiency 
of Vitamin K 


Treatment of Vitamin K 
Deficiency 


A tendency to bleeding 

Particularly from minor wounds, related to ab- 
normal lengthening of the prothrombin time, 
developing spontaneously in newborn infants, 
observed in adults after treatment with dicou- 
marol or large doses of salicylates, in advanced 
disease of the liver with poor excretion of bde, 
and in disease of the intestine, such as sprue in 
which vitamin absorption is disturbed 


7n adult 3 

1 mg of vitamin K two to 
three times daily with or 
without bde (1 g of desic- 
cated bde or bile salts) 

In newborn babies 

1 mg of sy nthetic vitamin K 
intramuscularly daily in od 
solution for several days 


Deficiency Symptoms 

A diagnosis of vitamin deficiency only rarely can be based on symptoms or less 
significant abnormalities than those which have been listed thus far However, such 
s> mptonis and abnormalities frequently accompany the more specific lesions of 
deficiency 

Symptoms commonly observed with deficiency of thiamine, also less conspicuously 
m deficiency of other vitamins, include apathy, lethargy, increased emotional lrnta 
bility, hypersensitivity to noise and painful stimuli, headache, vague fears, confusion 
of thought, uncertainty of memory, asthenia, loss of manual dexterity, insomnia, heart 
consciousness, paresthesia, anorexia, nausea, flatulence, epigastric pam, constipation 
Photophobia, burning of the eyes, lacnmation and ey cstram not reliev ed by glasses 
are encountered in deficiency of riboflavin 

Other abnormalities unrelated to deficiency of any single vitamin but commonly 
observed in persons who are malnourished are dry, brittle, lack luster, rebellious, 
so-called staring head hair, a loss of sleekness analogous to the rough coat of mal- 
nourished animals, blepharitis, spider like telangiectasis of the face, seborrhea of the 
face, patchy pigmentation of the face, especially suborbital and circumoral, sinus 
arrhythmia, bradycardia, tachycardia, low blood pressure, loss of tone of muscles 
and anemia 
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Metabolic Antagonists and Antibiotics 


Few, if any, enzymes or enzyme systems have absolute specificity for 
a angle substrate. For example, the hippuricase of Taka-diastase will 
not only catalyze the hydrolysis of hippuric acid, but also that of m- and 
p-cliloro-, brorao-, iodo-, nitro-, and methyl-hippuric acids. The cor- 
responding ortho substituted acids unite with the enzyme, but hydrolysis 
of the peptide linkage does not occur and the enzyme is rendered inactive. 1 * 
There are many similar instances in which compounds other than the 
usual substrate will combine with an enzyme, but do not react further. 
Such blocking compounds are usually structurally similar to the normal 
substrate. The enzyme so blocked is unable to combine with its usual 
substrate, and the reaction catalyzed by the enzyme is slowed or stopped 
according to the proportion of total enzyme molecules thus blocked. 

Perhaps the simplest example of inhibition related to structural anal- 
ogy is found in the case of the enzyme succinic dehydrogenase. This 
enzyme catalyzes the oxidation of succinic acid to fumaric acid in the 
presence of a hydrogen acceptor (see p. 318). The action of succinic de- 
hydrogenase on succinic acid is almost completely inhibited by the pres- 
ence of malonic acid. 3 The relation between these two compounds is 
evident from a comparison of their structures: 

H 2 C-CH 2 COOH H 2 C COOH 

I I 

COOH COOH 

Succinic acid Malonic acid 

The inhibition by malonic acid is reversible, that is, it may be over- 
come by the addition of a sufficient amount of succinic acid, in which 
case the enzyme behaves as though no inhibitor were present. This re- 
versible relation between succinic and malonic acids, together with the 
obvious fact that these two substances cannot react with each other, 
implies that both types of molecule are competing for a reactive group 
on the enzyme molecule itself. This is therefore an example of competitive 
inhibition. Since the rate of formation of a particular enzyme-substrate 
complex depends upon the frequency of collisions of substrate molecules 
with the enzyme surface, which in turn depends upon the concentration of 
substrate, the extent to which malonic acid will inactivate succinic dchy- 

1 Ellis and Walker; J. Biol. Chtm., 142, 291 (1942). 

1 Quaatel and Wooldridge. Biochcm. J., 21, 1224 (1927). 
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drogenasc depends upon the rdaluc concentrations of mcamc an< 
malomc acids This relationship defines competitive as opposed to non 
competitive inhibition In any competitiv e inhibition— 


H + S^L'S-iE+P 
E + I ^ El 


where V is the enzyme involved, S is its normal substrate, I is the com- 
petitive inhibitor, usually a structural analog, and I’ is the product Uy 
the mass-action law, the dissociation constant of the enzyme-substrate 
complex is K, 


K. = 


M 

ICS) 


and the dissociation constant of the cnzyme-mhibitor complex ts K , 


K, 


Will 

~ IL'l] 


Dividing Ki by K s , we can get an inhibition constant, K 

„ _ 1/11E&1 


At 50 per cent inhibition 
and 


Thus, the effectiveness of a competitive inhibitor depends upon the ratio 
of concentrations of inhibitor and normal substrate, and not upon their 
absolute amounts The relationship of competition applies to a number 
of well known enzyme inhibitions, including the inhibition of saccharose 
by fructose, and of xanthine oxidase by adenine 

In considering enzymes which have several substrates (eg amine 
oxidase) it is not always possible to make a sharp distinction between 
substrates and competitive inhibitors One substrate may be considered 
to be competing with the other substrates 

Another example of what is believed by many to be an instance of 
competitive inhibition is found in the action of the sulfonamides on bac- 
teria In studying the action of sulfanilamide on certain bacteria. Woods* 
found that the growth inhibiting effect of this compound could be re- 
versed by a substance present in >east extracts This substance was be- 
licv td to be structurally similar to sulfanilamide, so a number of structural 
analogs were tested for their antisulfamlamide activity Of these, p-ami- 
nobcnzoic acid (PABA) proved to be remarkably effective, the struc- 


[ES] = [El] 
K IS) 


* W oo<ls Bnt J ExptX Pal A 21 74 (1940) 
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tural similanty of this compound to sulfamlamide u> evident irom a com- 
parison of their structures 


NH 2 nh 2 



Sulfanilamide p-Aminobenzoic acid 

On the basis of his results, Woods suggested that p ammobenzoie acid 
should prove to be an essential growth factor for bacteria, and this was 
later shown to be the case 

Lampen and Jones* related the need of certain organisms for p amino- 
benzoic acid to its utilization in the formation of folic acid (see p 1195) 
Sulfonamides competitively inhibit enzymatic reactions whereby p ami- 
nobenzoic acid is built into the folic acid molecule Most organisms, 
probably all organisms, require folic acid Organisms that require their 
folic acid read} made are not hampered by sulfonamides, which interfere 
with folic acid formation, but growth of such organisms is inhibited by 
certain structural analogs of folic acid itself, such as ammopterm 4 5 
Those organisms which require p-aramobenzoic acid for the s}nthesis of 
folic acid within the organism are subject to sulfonamide inhibition, 
which can be released competitively by p ammobenzoie acid or non 
competitively by folic acid If enough folic acid is oresent to meet the 
growth requirement, no inhibition of growth of Streptococcus faccahs will 
be brought about by sulfonamides Still other organisms exist, including 
man} common pathogens, which are sensitive to sulfonamides, but are 
not released from growth inhibition by folic acid In such instances the 
essential substance synthesized from p-ammobenzoic acid may be a 
derivative of fohe acid (such as the citrovorum [actor p 120 1), and folic 
acid itself may not be an intermediate in the formation of the essential 
substance Alternatively, m some organisms p-aminobenzoic acid may 
have important functions other than folic acid synthesis Each microbial 
species must be evaluated for its requirement of folic acid and related 
substances As an example of a notable difference, Streptococcus faccahs 
requires fohe acid and synthesizes it from p-ammohenzoic acid, whereas 
Lactobacillus arabmosus breaks down added fohe acid and utilizes the 
components 6 

Fluoroaeetate 7 is a metabolic analog of acetate Like acetate, fiuoroace- 
tate can form an active 2 carbon fragment which proceeds to form a 
fluorotncarboxylic acid This product appears to be the actual anti- 

4 Lampen and Jones J Biol Chen 166 43a (1940) 

* Aminopterin (4-anunopteroj lglutanuc acid) 13 the structural analog moat antagonistic 
to folic acid and diminishes tl e utilization of formate in purine and pj rmudine ntl esis 
Vtmnopterm and other folic acid antagonists ha\e been used in the treatment of leukemia. 
For a full discussion of folic acid ant agonists see Petering Physiol tiers 32, 197 (I9o2) 

* Ivoft Se\ag and Steers J Biol Chem 185 9 (1950) 

7 Peters Brit M*. d J Nov 29 1952 llGo Do not confute fluoroaeetate with todoaeo- 
tate which is not an antimetabolite Iodoacetate is a nonspecific mactu ator of sulfh>drji 
groups the integnt} of which is necessarj for the action of numerous enz> n s. 
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metabolite, which blocks the normal comer.sion of the acids of the citno 
senes into <*-ketoglutanc acul The result is accumulation of citrate 
There is another type of inhibition of biological systems and its reversal 
which has not always been recognized as being somewhat different from 
the type described here This is the condition m which an inhibition of 
enzymatic or cellular activity by one substance is reversed — 1 e , the ac- 
tivity is restored — by the addition of a secor.a substance which is capable 
of reacting directly with the inhibitor For example, many compounds 
arc known which react with the sulfhydryl group (— SH) Certain of 
these compounds will inactivate biological systems, and the activity may 
be regenerated by adding an excess of a second substance which contains 
sulfhydryl groups, such as cysteine or mcrcaptoacctic acid It is to be 
noted, however, that the substance winch overcomes the inhibition is not 
necessarily a constituent of the biological system being acted upon by 
the inhibitor, and the reversal of inhibition is cssentiallj one of neutraliz- 
ing the activity of the inhibitor by reacting directlj with it While this 
type of study may suggest the kind of compounds or active groups which 
function in biological systems, it is clearly different from metabolic an- 
tagonism as described here 

In the following pages examples are given of what appears to be meta- 
bolic antagonism between structurally related compounds It must be 
recognized that in practically all instances the precise mode of action of 
even the normal metabolite is relatively unknown, the action of the 
antagonist, therefore, can only be a subject lor speculation There is, 
nevertheless, a fundamental similarity in action among all of the sub- 
stances to be described, in that their inclusion in a normally functioning 
biological system leads to signs of a deficiency which resembles that pro- 
duced by a lack of the normal metabolite concerned, and which can be 
overcome by the presence of sufficient amount of the latter The sub 
stances to be discussed include structural analogs of the naturally occur- 
ring amino acids, vitamins, and hormones 

ANALOGS OF AMINO ACIDS 

Methionine and Ethionme. In 1938 Dyer* reported that the 
S-eth>l analog of methionine, called ethionme, appeared to be toxic to 
rats on a low -cj stine, low methionine diet, whereas in the presence of 
sufficient methionine loss of weight and death did not occur 
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*Djcf J Bui Chem 124 . 519 ( 1933 ) 



Chap 36 


Metabolic Vnt\go\ist*> and Antibiotics 


1301 


Subsequent work has shown that ethiomne blocks several vital func- 
tions of methionine (a) transmethylation, (b) incorporation of methionine 
and other amino acids into protein, (c) formation of cystine, and ( d ) 
lipotropic action The antibacterial action of sulfonamides is partially 
antagonized by methionine, but is augmented by ethiomne The sul- 
fonamides compete with p-aminobenzoic acid in its function as part of a 
coenzyme related to the methyl ation of homocysteine 

The experimental results of Dyer represent probably the first authentic 
demonstration of metabolic antagonism involving amino acids, m 
terms of the concept as it has been presented in the preceding pages 
Another example of an antimetabohte to methionine is found m the 
compound known as methionine sulfoximine 

CH 3 



CHj 

CHNH, 

I 

COOH 

Methionine sulfoximine 

This substance was first isolated from the hydrolyzate of the protein of 
wheat flour which had been oxidized (matured) by means of nitrogen 
trichloride (Agene) Such flour is toxic to dogs producing the disease 
known as canine hysteria or running fits The toxic principle was isolated 
■with the aid of chromatographic techniques and was proved to be a 
derivative of the amino acid methionine, produced by the action of the 
nitrogen trichloride on the methionine of the wheat-flour protein The 
compound has been synthesized and given the name methionine sul- 
foximine because of its structure The compound shows a high degree of 
species ‘Specificity, being much more to\ic to dogs than to other laboratory 
animals, but investigations ka\e revealed no evidence of any effect of the 
treated flour on human beings However, nitrogen trichloride is no longer 
permitted m the United States for maturing flour 

The to\ic effect of methionine sulfoximine on dogs can be readily 
overcome by the addition of methionine to the diet The growth of certain 
microorganisms can be inhibited by low concentrations of methionine 
sulfoximine, and this effect is reversed by methionine glutamine, and to 
some extent by methionine sulfoxide (but not by methionine sulfone 01 
glutamic acid) l bus methionine sulfoximine appears to be a true anti- 
metabolite but the mechanism of this action is still obscure 

Phenylalanine and Thienylalanine The synthetic compound 0 2- 
thicny 1 alanine is similar in structure to the ammo acid phenylalanine 
except that a — CH — CH — group in the benzene ring of phenylalanine 
is replaced by — S — in thienylalanine 
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HC — CH 

HC C— CHiCIINIIjCOOH 


HC— CH 

Phenylalanine 


HC C — CIIiCHNHiCOOH 

\/ 

S 

0-2-ThienylalanIne 


The growth of certain yeasts and bacteria is inhibited by thicnylala- 
nmc and the inhibition is overcome by phenylalanine The growth inhibi- 
tion of h colt caused by 100 parts of thie/iy lalamne was 50 per cent nul- 
lified by 5 parts of phenylalanine, but tryptophan was almost as effective 
as phenylalanine Inhibition of yeast growth by thicnylalanine was over- 
come by certain other ammo acids in 10 to 30 times the concentration of 
phenylalanine required The tubercle bacillus, which is resistant to most 
growth inhibitors, is susceptible to thicnylalanine, as is vaccinia virus, 
although in the latter case action on the host cell can not be ruled out 
Studies with /3-3 thicnylalanine have indicated that it is a somewhat 
more effective phenylalanine antagonist than its /S-2 isomer, whereas 
0-2-furyIalaninc is less effective Inhibition of weight gain in young or 
protein-depleted rats can be produced by phenylalanine antagonists, 
and reversed by phenylalanine but not by tyrosine Halogenated phenyl- 
alanines and phenylsenne have been shown to be competitive antagonists 
to phenylalanine in several microbial species. A very important non- 
competitive antagonist to phenylalanine is chloramphenicol, one of the 
broad spectrum antibiotics (see p 1317) 

The enzymes which catalyze the oxidation of phenylalanine to tyrosine, 
and through further steps to melanin may be blocked by certain analogs 
Thicnylalanine will block the first step in L coli, the oxidation of tyro- 
sine by bactenal and mammalian tyrosinases is blocked by ^-acetyl, 
N formyl , or 3 fluorotyrosme Epinephrine and norepinephrine are 
inactivated in the body by several enzymatic mechanisms One of these, 
amine oxidase is competitively blocked by ephednne, amphetamine , 
and other related compounds This blockage of epinephrine inactivation 
is not a complete explanation of tne pharmacological actions of these 
sympathicomimetic drugs 
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I&onicotimc acid hydrazide is inhibitory to amine oxidase, and 1-iso- 
mcotinyl 2 isoprop>lhjdrazine is about 10 times as effective 


0 II 

II I 

■ — C — N — NH. 


Isonicotinic acid hydrazide 


O CH, 

II H H | 

-C — N' — N — CH 


I 


CHj 


1 Isonlcotlnyl-2 isopropylhydrazine 


These two compounds, like other basic anti tubercular drugs and anti- 
biotics, inhibit the diamine o\idase of mycobactena 9 Against mamma- 
lian diamine oxidase, the antibiotics streptomycin and neomycin have 
little effect, but the two hydrazides inhibit both the bacterial and the 
mammalian enzyme 

Other Amino Acids Ihe amino acid L-canavamne, which occurs in 
jack beans, is a competitive antagonist to arginine and inhibits grow th of 
E coli, of certain strains of Ncurospora, and of lactic acid bacteria 
Arginasc, however, wall split urea from canavainne Citrullme and 
ornithine wall release organisms capable of utilizing these substances 
from canavainne inhibition 


NHj 
C— NH 


O— NH 

I 

CH 2 

I 

ch 2 


hcnh 2 

I 

COOH 

Canavanlne 

One general method of modifying ammo acids consists m replacingthe 
caiboxyl group by the sulfonic acid group, as m the case of sulfanilamide 
and p-ammobenzoic acid (p 1299) These ammosulfomc acids prove to 
be growth inhibitory to microorganisms but the inhibition is apparently 
nonspecific since it may be reversed by amino carboxylic acids not struc 
turally related to the inhibiting compound Mcllwam 10 interprets this as 
indicating that structural analogy alone is not the sole consideration in 


• Owen Xvarlson and Zeller J Bad 62 53 (1951) 
10 McIIwain Brit J Fxptl Path 22 14S (1941) 
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explaining the action ot metabolic antagonists. Indoleaerjlic acid, 
dominated a, (3 unsaturatcd analog of tryptophan, has been reP° rte “ 
inhibit the growth of E. coli, and this inhibition is overcome by trypto- 
phan, but apparently not competitively. „„ m ,;.ive 

The D and I. forms of an amino acid would appear to be competitive 
analogs in those instances where only one of the two forms is metaboliz 
by an organism. While there arc numerous instances demonstrating w 
lack of availability of one of the two enantiomorphs of an ammo acia 
for growth, there "are relatively few examples where competitive inhibi- 
tion has been demonstrated. # ... 

There are numerous instances in which naturally occurring amino aci 
compete with each other; for example, arginine competes with lysine in a 
mutant strain of Xeurospora. This and other examples have been tabu- 
lated by Martin. The possibility that competition between naturally 
occurring substances plays a part in regulating metabolic processes can 
not be overlooked. Martin postulates, as the “relativity theory o 
the biological world, that natural metabolite antagonisms are funda- 
mental to life by virtue of stabilizing relative concentrations of available 
nutrilites. In pharmacology and therapeutics, numerous applications are 
made of the theory of metabolite antagonism. In relatively few instances 
can competitive relationship be demonstrated; more often, the action l> 
noncompetitive or irreversible. 


ANALOGS OF VITAMINS 

Thiamine and Pyrithiamine. Pyrithiamine is the pyridine analog of 
thiamine, obtained by replacing the — S- — group in the thiazole ring ol 
thiamine by — CII— CH— ; the structural relationship i3 thus similar to 
that between thicnylalanine and phenylalanine. 


CH, 


X=CXH, C=C — CHfCHjOH 


II, CC O— CH 


«■/ 

i X CII 

V ^ 

lie— CH 

Pyrithiamine 


Pyrithiamine was found by Robbins" to be inhibitory to the growth 
of certain microorganisms which required an exogenous supply of thia- 
mine for growth, and Woolley and White" showed that the feeding ol 
pyrithiamine to mice produced a severe deficiency* which resembled that 
of thiamine deficiency and which could be overcome by the administra- 
tion of thiamine; one molecule of thiamine was required for approximately 
10 molecules of pyrithiamine This is one of the earliest instances of a 
deficiency disease produced in arnmala by the administration of a struc- 
tural analog of a vitamin. 
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Studies on the inhibition of growth of microorganisms by pyrithiamine 
have revealed that the substance is inhibitory only in those instances 
where the organism requires an external supply of thiamine. Jf the organ- 
ism is capable of synthesizing thiamine from the constituents of the 
medium, pyrithiamine is not inhibitory to growth. This emphasizes the 
point already made that structural analogy per se is not necessarily the 
sole factor in determining whether competitive inhibition will occur, 
particularly in the complex metabolic processes of living protoplasm. 
One interesting example has been presented of a strain of yeast which 
became resistant to the inhibitory effect of pyrithiamine apparently by 
the development of a system which permitted liberation of the pyrimi- 
dine portion of the molecule and its subsequent utilization in the syn- 
thesis of thiamine itself. 1 * 

Certain other structural analogs of thiamine have likewise been shown 
to be antagonistic to thiamine; for example, oxythiamine, in which the 
NH 2 of thiamine is replaced by OH. The thiamine molecule is particularly 
susceptible to such chemical modification, consisting as it does of two 
reactive portions, the pyrimidine moiety aud the thia 2 ole portion. 

Pantothenic Acid and Pantoyltaurine. The replacement of the 
carboxyl group of pantothenic acid by the sulfonic acid group 11 produces a 
substance known as pantoyltaurine (or thiopanic acid) : 

CH, 

HOCH 2 — C — CHOH — CO — NH — CH. — CH 2 — S0 3 H 

1 

CH* 

Pantoyltaurine 

This substance and related compounds, e.g. the amide, have been 
show n to be antagonistic to pantothenic acid for a variety of microorgan- 
isms; growth inhibition caused by pantoyltaurine can be overcome in 
most instances by pantothenic acid, and the inhibition appears to be 
truly competitive in nature. As with thiamine and pyrithiamine, pantoyl- 
taurine is not inhibitory to the grow th of those microorganisms w hich can 
synthesize the pantothenic acid they need. 

Pantoyltaurine has not as yet been shown to produce unequivocal signs 
of a pantothenic acid deficiency in animals, probably because of the 
relatively large amounts w hich would be required to compete successfully 
with the pantothenic acid present in animaL tissues. Some success has 
been obtained in the use of pantoyltaurine as a chemotherapeutic agent 
in rats infected with an organism susceptible to inhibition by pantoyltau- 
rine, but here again the doses required were so large as to indicate little 
practical application of this fact The possibility remains open, however, 
that further studies along these lines may produce more effective sub- 
stances. As with thiamine, the presence of two chemically distinct por- 
tions in the pantothenic acid molecule has permitted the synthesis of a 


** Woolley: Proc. Soc. Ezptl. Biol. Med.. 55. 179 (1944). 
“ Snell; J. Biol. Chem . 139. 97S (1944). 
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vanetj of structural analog other than pantoj ltaunnc, and 

thc=e appear to be effects e m mhrbituig the growth of microorganisms 

m a manner similar to that described for pantoj ltaunne 

Ribofiattn and Analogs \anous structural analogs of nbotlavin 
base been synthesized uhich appear to be metabolic antagonists oi tne 
naturally occurring vitamin One of the»e 13 isonboflavin, in w hicb 
mtthvl groups arc m the 5 G po itions instead of in the G,7 positions as 
the naturally occurring vitamin 

CHiOH 

I 

(CHOH), 

CH, 

I 

\ C 0 

t<nj 


5 6 Dimethjl 9 (D 1 nbit>l) Isoalloxazme 
(l»o riboflavin) 


The onset of the symptoms of riboflavin deficiency can be hastened in 
rats already on a suboptimal diet by the feeding of isonboflavin but 
this sub-stance does not function as a riboflavin antagonist in any bacterial 
species so far studied Antagonists similarly eflectn e in animal expen 
ments have l>ecn prepared by substituting sugars other than nbo=e iu the 
9-poition Effective both in animals and bacteria is 2,4-diannno-7,S- 
dimethyl 10-nbityl o 10-dihy drophenazme 


CHjOH 



Large doses of rsonboflavin or D-galactoflavm render mice refractory to 
implants of lymphosarcoma 

Pyridoxine and \nalogs Deoxy pyndoxine produces acrodynia in 
the mouse and has produced gjoantis cheilosis and seborrhea in human 
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subjects, coirected promptly by pyndo\me Methoxypyndoxine is an 
effective antagonist to pv ndoxine m clucks but is much less active m 
rats and is mactiv e m the mouse, w hich can form pyndoxme from methoxy- 
pyridoxin© V number of other analogs are antagonistic to pyridoxine 
when tested with yeast 

CII.OCHs 

! 

HOH*C— /\—OK 

li N j-CHa 

Xfethoxy pyridoxine 

Nicotinic Acid and Analogs. Analogs of nicotuuc acid which appear 
to act as competitive antagonists of the latter have been obtained by 
replacing the carboxyl group of nicotinic acid with either the sulfonic acid 
group or the acetyl group 


CH 3 

I 

HOHsC-/\— OH 
U-CH. 

Deoxypy ridoxine 


Qr 

Nicotinic acid 


Cr 

Pyridine 3 sulfonic acid 


QjCOCH, 

3 Acetylpyridine 


The analogous amides have also been studied The sulfonic acid analog 
produces inhibition of growth of certain microorgamsms which can be 
overcome by nicotinic acid, but is apparently without effect on ani- 
mals As with certain other inhibitors already discussed, pyridine sul 
fomc acid is without effect on those species of microorganisms winch can 
synthesize nicotinic acid again suggesting that cell penetration or local 
concentration may be as important as simple structural analogy m ex- 
plaining the action of metabolic antagonists The acetylpyndine analog 
of nicotinic acid brings about reversible signs of nicotinic acid deficiency 
m mice and dogs, but is without effect on those microorgamsms which 
have been studied 

Ascorbic Acid and Glucoascorbic Acid It was shown by Woolley 
and Kxampitz 15 in. 1943 that a synthetic compound called glucoascorbic 
acid produced scurvylike symptoms when fed to mice on a highly purified 
diet These symptoms could not be cured when ascorbic acid was also 
included in the diet but disappeared when the glucoascorbic acid was 
omitted It will be recalled that mice do not require ascorbic acid m the 
diet, apparently being capable of sy nthesizmg the amount they need In 
the case of the guinea pig how ev er, w hich develops scurvy on diets free 
from ascorbic acid Woolley has reported that a disease which is not 
exactly hke scurvy but which has some similarities, to it is produced on 
diets containing glucoascorbic acid and ascorbic acid counteracts this 


»» Woollej and Krampitz J Exptl Wed 78 333 (10431 



nos 


Pa^CTICAL PllTblOEOGICAI ClIEillbTnr 


Chap 36 


rlltct I he structural relationship between ascorbic acid and glucoastorluc 
acid is evident from the following 

r-CO 


-CO I COH 

I 0 1 


IT 

0 l 

con 

1 I 0 " 

0 i 

1 con 
! 

I — CII 

L-ch 

| 

HCOH 

HCOU 

| 

HCOII 
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CIIsOH 

Ascorbic acid 

Glucoascorbic acid 


It appear* likely that the relation between ascorbic acid and glucoas- 
corlne acid is one of metabolic antagonism, although the evidence is more 
limited than for most other examples of this phenomenon 

Vitamin K. and Analogs. A hemorrhagic disease occurs in cattle from 
eating spoiled sweet-clover hay The substance responsible is dicoumarol 
(see formula), which is an antagonist of the K vitamins, interfering with 
their utilization in the synthesis of prothrombin Dicoumarol and several 
related compounds luxe been used extensively for the prevention of 
thrombosis Dcnvalivcs of 1,3-indandione have been investigated f° r 
anticoagulant activity, and successful clinical use has been reported for 
the phenyl and the diphcnylacctyl derivatives 


O 



Vitamin 1,3 Indandlone 

OH OH 


C II, 

l-o o 

bUU-h 
(Dicoumarol) 

Biotin anil \naIogs. Hie structural rc lation to hiotm of some analog* 
U! biotin whuh lnm iKin.hown bj DiUmir and du \ igniaud" to lu»< 
antibiotm activity is as follows 
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Biotin sulfone 


Imidazolidone caproic acid 


Evidence for competition between biotin and its structural analogs 
has been obtained largely by the use of yeast and bacteria. Inhibition 
of growth of microorganisms by the three structural analogs whose for- 
mulas are given is overcome in each case by the presence of an excess of 
biotin, but the three differ among themselves in antibiotin potency and 
likewise show' some differences with different microorganisms. Dethio- 
biotin for example inhibits the growth of L. casei but for yeast is a growth 
stimulant, i.e., it replaces biotin. It is probable that this is due to the 
ability of the yeast cell to convert dethiobiotin into biotin. Biotin sulfone 
is inhibitory to the growth of both yeast and L. casei, as is imidazolidone 
caproic acid, and this inhibition is reversed by biotin. It is interesting to 
note that all of the antibiotins mentioned combine with avidin. 

Another group of synthetic structural analogs of biotin has been de- 
scribed by English, et al 11 The most potent in the group, in terms of the 
inhibition of growth of L. casei , has the following structure: 
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,T English. Clapp, Cole, Halverstadt, Lam pen, and Roblin: J. .4?n. Chem. Soc.. b7, 293 
0945). 
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Other members of the senes differ from the structure short n m ‘he 
troe of m“ n nng sjstem aud the length of the side chain Pmct.caUj 
of the compounds desenbed act as antib.ot.ns aga.nst J 1 
L easel, but with rarjnng effectneness, and in ereiy case the rnhi 
of growth is overcome b> the presence of sufficient biotin 
ANALOGS OF HORMONES 

Relatir ely little is known concerning the existence of st ™ a ‘ ur “ 1 n “ 
tagomsm among the various hormones of known structure Tbe " 
protein hormones are of course out of consideration in this conne 
because their structures are not know n , the concept of an antihorm 
for a protein hormone has an immunological connotation rather tna 
of structural analogs \mong the hormones of known structure, 1 
been pointed out by Woolley that the naturally occurring estro S e J j . , 
androgens are structural analogs of each other, and it is suggested 
the known instances of biological antagonism between these two gro > P“ 
of compounds may be related to structural similarity and competm 
properties Woolley has also cited as an instance of structural antagonis 
the interesting findings of Ivuhn'* in connection with the sex hormon 
of algae Kuhn showed that the two sex hormones were not 
compounds but cis and tram modifications of the same compound 1 
factor determining sex was the ratio between these two forms 

It appears likely , therefore, that as further knowledge is gained in t 
field of hormone chemistry and physiology the existence of competiti' < 
mlubition and modification of biological action by structural difference 
may become as firmly established for some of the hormones as it now” *• 
for vitamins and specific ammo acids 


ANALOGS OF OTHER METABOLITES 

In addition to the ‘•pecific examples which have been cited of metabolic 
antagonism between naturalh occurring metabolites and sy nthetic &truC 
tural analogs the concept has been applied to other clas*es of compounds 
of biological importance such as punnes porphyrins choline and related 
compounds amines etc \ detailed consideration of these appears Ui 
profitable at this time, references to certain of them wall be found in the 
reviews by Welch and by Woolley cited in the Bibliography and id 
Martin’s monograph 

Successful antidotes for poisonous substances must be able to compete 
with the receptors in the bodv which are damaged by the poison Exam 
pies are the counteraction of arsenic poisoning by 2 3 -dimercaptoprd" 
panol tB VL) and the prevention or reversal of cyanide poisoning by ' lta 
min B»*» This substance (hy droxocobalamin) reacts irrevcrsibl} ,n 
the animal body to form vitamin B )t (cyanoeobalamin) 11 


ANTIBIOTICS 

The terms antibiosis and antibiotic powers were coined by Paul Nud 
lemm in 1SSJ and vcrc used by lum in a broad sense, referring to all id* 


• Huts CK*m 5»» 1 (1010) 

• MailrfU ksllrjr B<x« »nd 1* / 


Sot Kxitl UuA Vtd »l 
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stances where one species destroys the life of another to preserve or 
maintain its own One e\araple of antibiosis cited by Viullemin fits 
exactly, however, the current and more restricted concept He mentioned 
the observation that products secreted by the blue pus nnciobe would 
hold the anthrax bacillus in check He went on to predict that by an 
understanding of symbiotic and antibiotic poweis man would learn to 
dominate disease Present-day definitions charactenze antibiotics as 
orgimc chemical substances which are produced by microorganisms and 
have the capacitj m dilute solutions to inhibit the growth of other micro- 
organisms and in some situations to destroy them Opinion is divided 
whether or not to classify as antibiotics antibacterial substances of 
animal or vegetable origin 

The blue pus microbe, Pseudomonas aeruginosa , the first micro- 
organism in wluch the property of antibiosis was clearly recognized, 
actually produces several definitely identified’ 0 compounds with anti- 
bacterial activity The crude mixture h id been tried half a century ago 
against anthrax infections and had been found too toxic to the host to 
be of any value in treatment It was not until 1939, When Dubos 
reported oil tyrothnem (see p 1314), that interest in antibiotics w as again 
accentuated 

Unlike the common disinfectants and antiseptics, w Inch usually act by 
irreversibly denaturing or precipitating protein, or by inactivating func- 
tional groups (sulfhydryl, iron, etc ) w ithm the cell, the action of anti- 
biotics must be much moi e subtle since they are apparently harmless m 
the organisms which produce them but inhibitory or toxic in the sus 
ceptible organism Most antibiotics are primarily bacteriostatic in their 
action, that is they do not appear to inhibit the metabolic processes of 
treated microorganisms except where subdivision and growth are con- 
cerned In some instances, how ever, substrate utilization may be affected 
Some antibiotics are bactericidal, irreversibly destroying the metabolic 
processes of the susceptible cell In some cases concentration may deter 
nlme whether the action is bacteriostatic or bactericidal 

Antibiotics differ considerably m their relative effectiveness against 
various species of microorganisms, and even against different strains of 
the same species In some instances susceptibility to an antibiotic may be 
considerably modified by variations m the conditions of culture 

The differential susceptibility of various species of micioorgamsms to 
a given antibiotic permits the construction of a bacterial “spectrum” for 
the antibiotic, in which the relative effectiveness is determined for a 
standardized senes of test organisms Such a spectrum may be useful m 
comparing tw o supposedly identical or dissimilar antibiotics and m com 
paring synthetic compounds or derivatives with the naturally occurring 
antibiotic 

Vntibiotics also differ considerably in their relative toxicity to animals 
and m their effectiveness in vno as compared with in vitro Effectiveness 
in utro may be modified by the presence in the host of means for metabo- 
lizing or destroying the antibiotic 


» W ells J Bvol Chcm 196 331 (1952) 
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The Penicillins. In 1929 Fleming reported 21 that a certain Spekes of 
mold, later recognized to be a strain of Penicillium noUUum and nrs 
encountered as an accidental contaminant of bacteriological plate cul- 
tures, produced a soluble diffusible substance which inhibited the grow in 
of the common Staphylococcus aureus and certain (but not all) other 
microorganisms in culture media. Fleming was able to concentrate 
substance from cultures, of the mold, and called the material penicillin. 
It is now known that the original penicillin was a mixture of several 
similar substances which are called as a class the penicillins. 

Fleming showed that his penicillin preparation could be used for tn 
differential separation of resistant and nonresistant species of micro- 
organisms in culture media, and that it was nontoxic to animals. He &ug' 
gested its possible use in the treatment of infections due to penicillin- 
sensitive organisms. 

These observations however attracted little further attention unti 
about ten years later, when Dubos 11 published his striking results on tn< 
antibacterial properties of tyrothricin (see p. 1314). It is probable tha 
these results contributed significantly to a reawakening of interest in tw 
antibacterial possibilities of penicillin. In 1940 Chain, Florey, cl ai, 
reported the preparation of penicillin in impure form, with some studio 
on its toxicity to animals and therapeutic value in experimental infec 
tions in mice. This was followed by a more extensive study on method 
for large-scale production, partial purification, and assay, and furtjj e 
studies on toxicity and therapeutic value in animals and man. Simiw 
studies on the chemotherapeutic value of penicillin were reported b. 
Dawson, Ilohhy, Meyer, and Chaffee 14 at about the same time. Develop 
incuts since then have made penicillin by far the most widely used an 
important of all the antibiotics thus far known. 

Of the various known penicillins, the most important at the preset 
time is the one named pcnicillin-G (penicillin-II in Britain). Thestructui 
of pcnicillin-G is as follows: 


S 

CH, — CO — XI£ — CH — CII C(CII))s 

I I I 

CO — X HCCOOII 



Chap 36 


Metabolic Vntagonists and Antibiotics 


1313 


names which include the name of the major differentiating group (the 
R group in the table below) According to this suggestion, penicillin G 
becomes benzjlpeniulhn, pemcilhn-X is p-hy droxybenzylpemcilhn, etc 
As a class the penicillins are moderately strong monobasic organic 
acids, soluble m water and in organic solvents such as alcohol, ether, 
amyl acetate, etc The sodium salt, which is quite soluble m water and 
alcohol, is the usual commercial form Neutral aqueous solutions of the 
sodium salt will retain their activity for several days if stored in the cold, 
acid, alkaline, and alcoholic solutions rapidly become inactive 


The Natural Penicillins 


A ante 

type Structure It — CO — Nil — CjH»OS\ — COOH 

R 

Wame of R 

Penicillin r 

CH,CH CH=C1I CH, — 

A 1 pcntenyl 

Dihydropemcdhn F 

CH, CH, CH, CH, CH,— 

n amyl 

Penicillin G 

C»H»CHj — 

benzyl 

Penicillin K 

CH, CH, CH, CH, CII, CH, CH,— 1 

n heptyi 

Penicillin \ 

HO C»H, CH- — [ 

i t 

p hydroxy benzyl 


All of the penicillin available commercially is obtained from natural 
sources, 1 e , from cultures of mold, of which special strains of P notation 
and P chrysogenum have been most commonly employed About 30 
other variants of penicillin have been produced biosynthetically by the 
growth of Pemcilhum in the presence of specific orgamc acid or amide 
precursors 25 These penicillins are all antibacterial m i itro, and some of 
them have been used therapeutically, with particular value in patients 
who ha\ e developed sensitn lfcj to benzylpemcillin 
Penicillins inhibit and m higher concentrations kill actively growing 
cells of susceptible strains Inhibitory or lethal action on resting or non 
multiplying cells is insignificant By the use of radioactive penicillin, 
fixation of penicillin by a susceptible organism ( Micrococcus -pyogenes 
var aureus ) was demonstrated to be chiefly in the bacterial cell wall 26 
Penicillin does not enter yeast cells, which are unaffected by its antibiotic 
activity Staphylococci can be grown in high concentrations of penicillin, 
provided these concentrations are low in proportion to bacterial mass 
Under these cultural conditions, the conversion of amino acids to bacterial 
protein was inhibited 27 Instead, extracellular polypeptides were pro- 
duced m approximately equivalent amounts Penicillins also block the 
uptake of glutamic acid by susceptible staphylococcal strains during 
active growth The formation of a precursor of pentose nucleic acid is 
also delayed None of these effects has been clearly established as an 
example of antagonism to a specific metabolite The structural similarity 

5 * Belt rei s Corse Edwards Garrison Jones Soper Vbcele and White! ead J Biol 
Chem 175 793 (194S) Volim bhlaes and Felseufeld J Am Med -4»soc 143 ”94 (1950) 
•‘Tew Cooper and Rowley V at re 169 2S3 (19o2) 

51 Hotchkiss J Exp Med 91, 331 (1930) 
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of benzylpenicillm to glutathione has been not L d, ! ' hut thc °^|“ e 
penicillin may act as a glutathione antagonist is scant and into 
Penicillin may be administered orally or by injection, usual y 
muscularly Questions of dosage, form of administration, an cm 
nemcillm as compared with other therapeutic agents will ? ofc , b * * ■ 
sidered here The" monograph of Welch and Lcvvu, given the ba i enal 
“ spectra” and the details of therapeutic application of penicdhn a 
other antibiotics Penicillins are nontoxic to animal tissues in any e P 
very large do=es, for example, m ordinary concentrations they nave 
demonstrable effect on the metabolic characteristics of those Ife0 ' 
animal tissues which have been thus far investigated They differ am g 
themselves however, in their action on microorganisms, penicillin u, 
example is most effective clinically, while pcmcilhn-K is much less u 
Lack of recognition of this fact led to some confusion concerning I 
therapeutic effectiveness of commercial penicillin preparations uu b 
the early stages of their clinical application A wide variety of organs 
mostly Gram positive but including some Gram negative, are suscepu 
to the action of penicillin , , 

Gramicidin and Tyrocidine The antibiotic preparation obtaincu j 
Dubos from cultures of B brevis and called tyrothnein prov ed on 
study to consist of two separate compounds, called gramicidin and tyr 
cidine They may be separated from tyrothnein by treatment «i 
acetone-ether mixture, in which gramicidin is soluble but tyrocidine 
insoluble Gramicidin may be rccrystallized from acetone, and tyrocidin 
hydrochlonde from acidified alcohol Both of these substances ar 
polypeptides of fairly low molecular weight but as yet unknown structure^ 
They are resistant to the action of proteolytic enzymes On hydroly * 1 
they yield mixtures of ammo acids, all of which have presumably been 
identified (bee below) It is interesting to note that certain of these 
amino-acids are of the d configuration, m contrast with the hydroly 1 
products of animal proteins where the l configuration prevails 

Gramicidin is insoluble m water, slightly soluble m ether, and readuy 
soluble in acetone and alcohol Estimates of its molecular weight vaOi 
on the basis of the ammo acid composition a value of approximately 28W 
has been proposed On hydrolysis gramicidin yields five knosvn amino 
acids and the basic compound ethanolamine These components of tn£ 
gramicidin molecule and their estimated molecular ratios, are as follows 
D-leucine, 6 n-tryptophan 6 DL-vahne 5, L-alamne 3, glycine - 
ethanolamine, 2 making a minimum of 24 residues present The valm< 
was probably racemized during the hydrolysis if it were all present « 
the d form the leucine and valine would account for the approximately 
4o per cent of D-araino acids found prebent in gramicidin by the use o 
the enzyme ixlearmna.se (D-amino acid oxidase) 29 There are no ‘ rei 
carboxyl or ammo groups so that a cyclic structure is probable . 

Gramicidin is inhibitory to all Gram positive organisms except acid 
fast bacilli but is entirely inactive against Gram negative bacilli It doe 
not destroy the respiration of susceptible cells in particular instances i 

GreveiuAuk Science 114 “4 (19.il) 

** Liyid&un Dubo* ai d llotcbkus J Biol Chtm 141 I S3 (1941) 
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may be highly bacteriostatic but not at all bactericidal, thus indicating 
that it acts rather as a metabolic inhibitor than as a protoplasmic poison 
The therapeutic \ alue of gramicidin is limited by its relatn e toxicity to 
animals and its low solubility m water, penicillin for example being much 
superior in both respects It has, however, found some application in the 
topical treatment of infected wounds 

Tyrocidine is a polypeptide containing free amino groups (probably 
the S-amino group of the ornithine present, see below) and forms a crystal- 
line hydrochloride, which is insoluble in water, acetone, and ether but 
soluble in alcohol, from which it may r be crystallized On hydrolysis it 
yields the ammo acids phenylalanine, leucine, prolme, valine, tyrosine, 
ornithine, glutamic acid, aspartic acid, and tryptophan Of these, the 
phenylalanine has the d configuration while all the rest (with the possible 
exception of tryptophan) have the common n configuration It is interest- 
ing to note that the ammo acid v aline occurs in one configuration in 
tyrocidine and m the opposite configuration in gramicidin The proof of 
the existence of ornithine in the ty rocidme molecule is probably the first 
instance of the discovery of this amino acid as a primary constituent of 
polypeptide chains in nature 

Tyrocidine is strongly bactericidal for various Gram positive and 
some Gram negative organisms in uiro It is inactivated in vno by blood 
plasma and body fluids in general, and so contributes little to the clinical 
value of tyrothnem The importance of tyrothnem in medicine is 
indicated by its inclusion in the United States Pharmacopeia XIV Its 
cluneal applications are limited, however, by its toxicity, which prevents 
systemic use The chief method of administration is by local application 
or by instillation into body cavities 

Streptomycin. This antibiotic, obtained from cultures of the nctino 
my cete Strcplomyces griscns , was first characterized by Schatz, Bugie, and 
Waksman in 1944 Its discovery was the result of a systematic study of 
organisms antagonistic to Gram negative bacteria 

Streptomycin is a water-soluble, crystallizable, organic base, with the 
structure shown ui the formula on page 1316 Its solutions are admims 
tered by injection, since absorption from the gastrointestinal tract is 
minimal 

Although streptomycin was originally introduced as a therapeutic 
agent against infection with Gram-negative organisms in general, the 
so-called broad-spectrum antibiotics (which wall be considered later) 
have replaced many of its earlier uses Against the tubercle bacillus, how- 
ever, streptomycin remains the most useful of the antibiotics Both 
streptomycin and a derivative, dihydrostreploinycin, are toxic, affecting 
the eighth cranial nerve Streptomycin tends to cause damage to v cstibu- 
lar function and dihydrostreptomycm to auditory function Use of a 
mixture of the two has minimized damage 

Concerning the effect of streptomycin on bacterial metabolism, obser- 
vations with E coll show that the antibiotic inhibits a condensation be- 
tween oxalacctic and pyruvic acids which piecedes their oxidation by a 
path differing from the usual citnc acid cycle Certain variants of E 
coh winch have been made resistant to (or dependent upon) streptomycin 
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do not utilize these metabolites 
metabolic reactions “ Numerous 
bactcnal action have been noted 


appreciably, but depend upon otlu 
other possible mechanism* of ant 



Neomycin, from Slreplomyces fradiae, is a mixture of water-solu 
basic substances, effective against the tubercle bacillus along with a wi 
vanety of Gram positive and Gram-negative organisms Its clinical i 
is limited by a toxic action leading to focal necrosis in the renal tubules 
Bacitracin, from Bacillus hchemformis (closely related to B subtil* 
is a polypeptide, comparable in a general way with certain other P°v 
peptides of microbial origin — polymyxin, subtilin, and eumycin "hi 
also are antibiotics Bacitracin has had wade application in the treatraen 
of skin infections, one of its advantages being that it seldom indue ^ 
allergic reactions All of the antibiotic polypeptides show some degree 0 
toxicity to the kidney, which limits their systemic use 

Broad- spectrum antibiotics. This group of antibiotics is cbaT' 
actenzed by activity against a great number of different pathogen 1 ® 
microorganisms, including certain nckettsiae and large viruses Chioj' 
tetracycline (Aureomycm) and oxytetracychne (Terramycin), from Strepto^ 
myces aureofaciens and nnwsus, respectively, are quite similar m stru®' 
ture Both are relatively nontoxic and are commonly given by moutn 
although intravenous use is possible 

" Umbreit Smith and Ogmuky J Bad 61 59o (19ol) Umbreit Trans If Y 
Set her II 15, 12 (1952) 
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OH 0 011 O 

Chlor tetracycline 
' (Aureomycin) 



Oxytetrac>cllne 

(Terramycin) 


Chloramphenicol was originally identified as a naturally occurring anti- 
biotic, elaborated by a species of Streplomyces. It is now produced syn- 
thetically. Chloramphenicol is the first nitrobenzene compound to be 
found in living cells. 

NO* 



HO— C— H O H 

I S / . 

H— C— NH— C— C— Cl 

i \ 

CH*OH Cl 

Chloramphenicol 

It is a noncompetitive antagonist of phenylalanine. Woolley 51 has 
emphasized that noncompetitive antimetabolites are more effective 
antibiotics, since their activity is not canceled by a simple increase in 
concentration of the specific metabolite. Chloramphenicol may be given 
orally or intravenously, and is of particular therapeutic value in typhoid 
fever and against certain rickettsiae, spirochetes, and viruses. Some degree 
of calculated risk is involved in its use, since depression of bone marrow 
function has been reported in a small fraction of cases treated with this 
agent. 


Woolley: J. Biol. Ckem . 185. 293 (1950). 
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All three of the broad-spectrum ant.hioi.cs hare the property “ 
mou of inhibiting tl.e sjntlieais of protein n. ou .eept.ble ba .tens Hd 
Clilortetraeycline mil dissociate phosphor} lalnm from oxidation t 
animal tissue or mitochondrial preparations, and at higher colicc n 
will mlubit both processes At similar concentrations, terramycm *no 

these actions only minimally 11 rM rnn*iu 

Antibiotics in Feeds. The crude residues of Strcplomyccs aurcofaciens 
and of other organisms grown for the production of antibiotics were intro- 
duced into the rations of poultry and pigs as a source of vitamin 15i* 
growth promoting effect of these antibiotic residues was found to m- 
greater than could be accounted for by their B» content A Mmuar 
impetus to growth of pigs, chicks, and poults could be obscr\cd on 
addition of penicillin, streptomycin, chlortetracyclme, or oxytetracjcu 
to a diet adequate by all recognized standards 1 he hypothesis that tnes 
antibiotics are themselves essential growth factors is unlikely on acc ^ n 
of the diversity of their chemical structure, and because a similar eiicc 
can be observed upon administration of sulfonamides, phcnylarsoiuc aci 
and other nonbiological antibacterial agents It is now understood tha 
the growth stimulus depends upon the more or less selective antibacteria 
action of these substances, which permits the multiplication of certain 
bacteria which produce B vitamins and possibly other growth factors, 
meanwhile suppressing other organisms which would compete with these 
beneficial organisms or even destroy the growth factors produced by 
them In some instances actual infections, prcviousl} unrecognized* 
have been shown to be suppressed by the antibiotics included in the 


DETERMINATION OF PENICILLIN 


1. Method of Vincent and Vincent ** Principle \ disk of filter paper is satu- 
rated with the solution to be analyzed which has been diluted if necessarj so as to 
contain approx unately 1 unit per ml The disk is placed on a nutrient agar culture 
plate impregnated with the test organisms and incubated at 37° C If the solution 
contains penicillin after incubation a clear zone of inhibition of colony formation 
surrounds the disk The diameter of this zone is measured and the penicillin content 
determined by reference to a calibration curve show mg the relation betw ecn inhibition 
zone diameters and know n amounts of penicillin 


Procedure The test organism (Staphylococcus aureus H is recommended) 
is transferred from an agar slant twice through peptone broth for 24 -hour 
periods at 37® C The second transfer is held at 5° for 16 to 18 hours 

Pipet 10 ml of nutrient agar into uniform flat-bottomed petrl dish** 
and incubate at 37® C. for 16 to 18 hours Transfer to a refrigerator for at least 
one hour. When the plates are ready, flood each one with 1 ml. of the re- 
frigerated culture of test organisms Remove the excess with a capill**^ 
pipet Place the plates at 37® C for one hour to dry At this point it is neces- 
sary to use wooden racks which support the top half of the petn dish above 
the bottom half so that there is about H Inch clearance When the plates are 
dry, store in an Inverted position in the refrigerator for at least one hour. 


11 Regna Trane A Y Acad Set Ser II i5 12 (1052) , , 

" ' mcent and V incent Proc Soe Exp Biol \ led 55 1C2 (1944) Similar method 
were described almost simultaneously by Epstein Foley Pernne and Lee J C ‘‘ 

Med 24, 319 (1944) and by Sherwood Falco and de Beer Science 99. 247 (1944) 
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Sterilize the filter-paper disks 51 by dry heat and immerse them for 30 
seconds in the solution to be tested. Remove each disk from the fluid with 
sterile forceps, shake off excess fluid, and place flat on the seeded agar plate 
Three disks, evenly spaced, may be placed on a plate, and it is suggested 
that the plates be run in triplicate for greater accuracy. One of the disks 
on a plate may serve as a standard penicillin control 

Incubate the prepared plates (not inverted) at 37® C. for 14 hours. The 
plates should be placed on a wooden block in the incubator to prevent excess 
condensation. After the incubation 
period, measure to the nearest ram. 
the diameter of the zone of inhibi- 
tion around each disk M Average the 
results for each unknown 
Calculation The penicillin content of 
the sample is equal to that of n standard 
solution of penicillin which gives the 
same diameter of inhibition zone under 
comparable conditions This is best estab- 
lished bj reference to a previous!} pre 
pared calibration curve relating known 
amounts of penicillin to zone diameters 
To prepare such a curve, set up a senes of 
solutions of penicillin in amounts ranging 
from 4 to 0 1 units per ml , and carry out 
the procedure as described for the un- 
known on each of these solutions Plot a 
curve with zone diameters m mm on the 
y axis against units of penicillin per ml 
on the x axi3 A curve similar to that 
show n in Pig 293 should be obtained It is advisable to check this curve at intervals 
with standard penicillin solutions, and to reconstruct it if necessar} 

Interpretation. This method is a slight modification of the original 
method of Chain, Florey, et al (Joe cit ) developed at Oxford m England 
and called the “Oxford cup” method, m which the solution to be tested 
is placed in small glass cylinders partially immersed in the seeded agar, 
this solution then diffuses out beneath the cup nm into the agar to pro- 
duce a zone of inhibition similar to that described here A umt of peni- 
cillin (formerly called the Oxford umt and now known as the Florey 
umt) was defined as that amount winch produced a zone of inhibition 
24 mm across under the conditions of the cup assay Such a umt is 
clearly subject to variation from laboratory to laboratory and even in the 
same laboratory unless assay procedures are rigorously controlled. With 
the availability of pure crystalline sodium pemcilhn-G, it is possible to 
define a penicillin umt in terms of this substance The Federal Food and 
Drug Administration, of the United States has adopted the following 
relationship 1 mg of pure sodium pemcillm-G is equivalent to 1667 
units of penicillin Thus 1 umt equals 0 6 jig of the sodium salt 

The disk method described here has been found to give satisfactory 

14 Schleicher and Schull Iso 470 inch in diameter 

** A bacteriological colons couuter equipped with a magnify mg glass and a built-in 
millimeter scale is very satisfactory for this measurement 



Fig 293 Type of Calibration 
Curve Obtained in Penicillin Deter- 
mination by Method of Vincent and 
Vincent 




1320 


Practical Physiological Chemists? 


Chap 36 


results on blood serum, spinal fluid, urine, and other solutions nh<« 
pmucillin activity is to be established Tor greatest accuracy the solution 
to be tested should contain betu ccn 0 1 and 4 units per ml [or 

2. Other Methods. Rammelkamp 1 has described a pro 
penicillin assay in which the fluid to be analyzed is incubated at van 

EZ noth a standard inoculum of hemolytic streptococc in - 

presence of erythrocytes Dilutions of a btandard penicillin solution i a 
treated in the same way Trom the relative dilutions of sample anistan^ 
ard required to inhibit the hemolytic action of the test organisms, 
penicillin content is obtained This method, although not so 
the one desenbed above, has given satisfactory results on " hol = “° ' 

erythrocytes, unne, spinal fluid, exudates, and joint fluid Hiscox 
described a colonmetnc procedure, applicable to bcnzylpcnicilli ^ 
for the assay of batches of commercial penicillin This method m 
nitration of the benzene nng, reduction, diazotization, and C °UP» » 
with a color reagent A turbidimetnc method has been reported \\ * 
applicable to the measurement of any of the commonly used antimo 
in blood or body fluids f 

For techniques of streptomycin assay, and of tests of organisms 
sensitivity to antibiotics, consult the Diagnostic Procedures and Ilcage 
of the American Public Health Association Sensitivity tablets and dis 
impregnated with varying concentrations of different antibiotics ar 
available from biological supply houses, and each manufacturer reco 
mends procedures and media for use with his product 
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Appendix 


I. REAGENTS AND SOLUTIONS 

REAGENTS FOR PARTICULAR METHODS ARE DESCRIBED 
IN THE TEXT AND FOOTNOTES FOR THESE METHODS. 
SEE INDEX 

Acid Digestion Mixture. To 50 ml. 5 per cent copper sulfate solu- 
tion add 300 ml. 85 per cent phosphoric acid and mix. Add 100 ml. 
concentrated sulfuric acid (N Ha-free) and mix. Keep In a glass-stoppered 
bottle, protected against the absorption of ammonia from laboratory 
atmosphere 

Alcohol-Ether Mixture. Mix three volumes 95 per cent redistilled 
alcohol and 1 volume redistilled ether. 

Alizarin. A 1 per cent solution of alizarin monosodium sulfonate in 
water. 

Alkaline Pyrogallate Reagent. Prepare a solution of potassium 
hydro-side by dissolving ICO g. in 130 ml. water. In 200 ml. of this solution 
dissolve 10 0 g. pyrogallic acid. 

Almen’s Reagent. Prepare by dissolving 5 g. tannic acid in 240 ml. 
50 per cent alcohol and adding 10 ml. 25 per cent acetic acid. 

Aluminum Hydroxide Cream. To a 1 per cent solution of ammo- 
nium alum at room temperature add a slight excess of a 1 per cent solu- 
tion of ammonium hydroxide. Wash by decantation until the wash water 
shows only the faintest trace of residue on evaporation. For the prepara- 
tion of other forms of alumina see p. 329. 

o-Aminobenzaldehyde Reagent. Mix 3 g. crystalline o-nitro- 
benzaldehyde with 50 g. crystalline ferrous sulfate. Add 75 ml con- 
centrated ammonia. Heat on a steam bath for one hour. Distil off the 
o-aminobenzaldehyde with steam. The mixture before distillation wall 
keep for tw o weeks. 

Ammoniacal Silver Solution. Dissolve 26 g. silver nitrate in about 
500 ml. water, add enough ammonium hydroxide to redissolve the pre- 
cipitate which forms upon the first addition of the ammonium hydroxide, 
and make the volume of the mixture up to 1 liter with water. 

Ammonium Molybdate Solution. See Molybdate Solution, p. 1328 
Ammonium Thiocyanate Solution. This solution is made of such 
a strength that 1 ml. of it is equal to 1 ml. of the standard silver nitrate 
solution mentioned below. To prepare the solution dissolve 12.9 g. 
ammonium thiocyanate, NH«SCN, in a little less than a liter of water. 
In a small flask place 20 ml. of the standard silver nitrate solution, 5 ml. 
of a cold saturated solution of ferric alum, and 4 ml. nitric acid (sp. 
gr. 1.2), add water to make the total volume 100 ml., and thoroughly 
mix the contents of the flask. Now run in the ammonium thiocyanate 
solution from a buret until a permanent red-brown tinge is produced. 
This is the end reaction and indicates that the last trace of silver nitrate 
has been precipitated. Take the buret reading and calculate the amount 
1321 
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of water nctc&oary to uac m d.lutm B the J*£ 

that 10 ml of this solution may be exactly equal to 10 ml - 

mtrate solution Make the dilution and titrate again to be certain tha 

solution is of the proper btrength -r„ l volume 

Antifoamin& Oil Mixture (Lse like caprylic alcohol) To 1 

crude fuel oil add about 10 volumes toluene . ._.i ina 

Asbestos for Suction Filters The asbestos is shredded place 
wide-mouth flask, and covered with 10 per cent IIC1 Heat on a 
bath for five hours Filter on a Buchner funnel, wash free from atm, 
turn to the flask, cover with 5 per cent \aOH, and heat on a watc : 
for three hours Filter, wash free from alkali, then with dilute aci 
finally with water until free from acid Suspend in a large ' 0 ' UI J 
water, allowing it to settle for five minutes Pour off the upper tw o-tn 
and discard Repeat the washing of the desired coarse portion seve 
times until the supernatant liquid remains nearly clear 

Barfoed’s Solution. Dissolve 13 3 g neutral crystallized copp 
acetate in 200 ml water, filter if necessary, and add 1 8 ml glacial ace i 

Barfoed’s Solution (Tauber-Kleiner Modification). Dissolve 24 g 
copper acetate (Merck, normal, c p ) in 450 ml boiling water Ifaprecip 
tatc forms, do not filter Immediately add 25 ml 8 5 per cent lactic »ci 
(Malhnckrodt, U S P , 85 per cent) to the hot solution Shake, nearl> a 
the precipitate will dissolve Cool, dilute to 500 ml , and after sedimenta 
tion filter off the impurities , 

Baryta Mixture. A mixture consisting of 1 volume of a saturateu 
solution of banum nitrate and 2 volumes of a saturated solution of banu® 
hydroxide 

Basic Lead Acetate Solution. This solution possesses the followmg 
formula 


Lead acetate 

Lead oxide (litharge) 

Distilled u atcr to make 


180 g 
110 g 

1000 e 


Dissolve the lead acetate in about 700 ml distilled water, with boiling 
Add this hot solution to the finely pow dcred lead oxide and boil for one- 
half hour with occasional btimng Cool, filter, and add sufficient distilled 
water to the filtrate to make the weight 1 kg 

Benedict’s Solution. Benedict s modification of the Fehling solution 
is stable even upon long standing It has the followmg composition 


Copper sulfate 17 3 g 

Sodium citrate 173 0 g. 

Sodium carbonate 100 0 g. 

Distilled v> ater to make 1 liter 


With the aid of heat dissolve the sodium citrate and carbonate m about 
800 ml water Pour (through a folded filter paper if necessary) 1Ilt0 
a glass graduate and make up to 8>0 ml Dissolve the copper sulfate ® 
about 100 ml water Pour the carbonate-citrate solution into a large 
beaker or casserole, and add the copper sulfate solution slowly '” tEt 
constant stirring and make up to 1 liter The mixed solution is ready f° r 
use and docs not deteriorate upon long standing 
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Benedict’s Quantitative Sugar Reagent. 


Copper sulfate (crystallized) 18 0 g 

Sodmm carbonate (crystallized, oue-half tlie weight of the 

anhy drous salt may be used) 200 0 g 

Sodmm or potassium citrate 200 0 g 

Potassium thiocyanate 12a 0 g 

Potassium fcrrocy anide (a per cent solution) 5 0 ml 

Distilled water to make a total volume of 1000 0 ml 


With, the aid of heat dissolve the carbonate, citrate, and thiocyanate in 
enough water to make about S00 ml of the mixture and filter if necessary 
Dissolve the copper sulfate separately in about 100 ml water and 
pour the solution slowly into the other liquid, with constant stirring 
Add the ferrocyamdc solution, cool, and dilute to exactly 1 liter Of the 
various constituents, the copper salt only need be w eighed with exactness 
Twenty five ml of the reagent are reduced by 50 mg of glucose 

Benedict’s Sulfur Reagent. 

Crystallized copper nitrate, sulfur free or of known sulfur 

content 200 g 

Sodium or potassium chlorate 50 g 

Distilled water to 1000 ml 

Benzidine Solution. Place 4 33 ml glacial acetic acid in a small 

Erlenmeyer flask, w arm to 50° C , and add 0 5 g of benzidine Heat the 
flask for eight to ten minutes m water at 50° To the resultant solution 
add 19 ml of distilled w ater This solution may be kept for several days 
without deterioration 

Bial’s Reagent. 

Orcinol 1 5 g 

Concentrated HC1 500 ml 

Ferric chloride (10 per cent) 20-30 drops 

a, a'-Bipyndine Solution Dissolve 02 g a, a' bipyridine (Edwal 
Laboratories, 732 Federal St , Chicago) in 100 ml 10 per cent acetic acid 
Biuret Paper (Kantor and Gies) Immerse filter paper m Gies* 
Biuret Reagent (below), then dry and cut into strips 

Biuret Reagent (Gies) This reagent consists of 10 per cent KOH 
solution to which 25 ml 3 per cent CuSO« solution per liter has been 
added This imparts a slight though distinct color to the clear liquid 
Biuret Reagent (Welker) \dd 1 per cent copper sulfate solution, 
drop by drop, with constant stirring to some 40 per cent sodium hy- 
droxide solution until the mixture assumes a deep blue color 

Black’s Reagent. Mike by dissolving 5 g ferric chloride and 0 1 g 
ferrous chloride m 100 ml water 

Boneblack, Purification of. Treat 250 g commercial boneblach 
with loOO ml 1 4 HC1 solution Boil for half an hour Filter the bone- 
black from the acid solution by means of a Buchner funnel and aspirating 
pump Wash with hot water until the washings are neutral to litmus 
paper Dry and pow der 



^2 4 Pbactical Physiological ChemioTBT 

Bromine Water. kild a tea drops of liquid bromme (Cotdion- 
corrosive *)* to about 100 ml H,0, and shake Prepare fresh tlhen reagent 
becomes colorless 

Buffer Solutions, Standard. See pp 3o to 37 carefully, 

Carmine-fibrin. Run fibnn through a meat chopper, wash l ca ««* 
and place in a 0 5 per tent ammoiuacal carmine solution (1 g 
Solved in 1 ml ammonia and diluted to 200 nd ) for 2d hours or 
until the maximum coloration of the fibnn (a Ja ^ k . rH 'L“ “ tlc ac ,d 
The fibnn is then washed in water and water acidified with a 

It is preserved under glycerol , crystals 

Cleaning Solution. To a few grams of sodium bichromate ry 
dissolved in a minimum quantity of water, add about oOO ml c 
trated sulfuric acid (technical grade is satisfactory) t 

Cochineal Solution. A saturated solution of cochineal in oU pe 


al Congo Red. Dissolve 0 5 g Congo red in DO ml water and add 10 ml 

95 per cent alcohol . , n tlv 

Con£o Red-Fibrin. This may be prepared by placing fibnn in la / 
alkaline Congo red solution and beating to 80° C The fibnn is 
washed and prescrv ed under glycerol 

Copper Sulfate Solutions for Specific Gravity Determinate • 
a Scturated Coppeu Sulfate Solution Place -i lb “fine 
tals,” or pulv enzed CuSO« oIIjO, in a 4-liter bottle and add about - 
htero distilled water Stopper and shake vigorously for five minutes 1 
mediately at the cloae of the shaking penod, insert a thermometer in 
the solution and record the temperature to the nearest half deg 
Centigrade When this has been done, immediately decant the super 
natant solution from the excess solid then clarify by filtration throug^ 
cotton or a dry filter paper into a clean dry bottle This solution, n* 11 ^ 
has been saturated with copper sulfate at a known temperature an 
therefore of know n composition is used at once to make up a stock coppe 
bulfate solution of sp gr 1 100 , 

u stock. Copier Sulfate Solution op Sp Gr 1 100 From tnc 
table (p 1325) determine the volume of saturated copper sulfate solution 
which is to be diluted to 1 liter to prepare a solution of sp gr l luu 
Measure out the indicated volume of saturated copper sulfate solution 
into a 500-inl graduated cylinder Pour the cylinder contents into a 
1-liter volunutnc flask allowing the cylinder to drain for 30 seconds- 
Dilute the flask contents to the mark with dLstillcd water, stopper* a' 1 
mix will by inversion Because of a contraetion in volume, the me ni^cu 3 
of the solution will now be somewhat below the mark. Allow to stand to 
one minute for drainage then add enough distilled water to bring tn 
meniscus ugoin to the mark stopper and again mix well by inversion 
Pour into a clean dry t-liter bottle Huisc the flask with distilled water, 
dnxardmg the ntLings, and repeat the above preparation three more 
turns thus preparing 1 liters stock copper sulfate solution of *• P & r 

I too 

This stock Milution u-*d for the preparation of the standards de- 
wnl«d Uluw shoull Ik. labeled with its temperature at the time 
t preparation unco it may Ik; used indefinitely provided the tcnij^r 3 " 
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Volume of Satlra7eu Coi per Sulfate Solution to Dilutl to 1 Liter to Prei ire 
Stock Solution oi DU == 1 1000 


Temperature of 
the Saturated 
Solution at 
the Time of 
Saturation 

Volume of 
Solution 
to Dilute 
to 1 Liter 

Temperature of ] 
the Saturated 
Solution at 
the Tune of \ 
Saturation 

Volume of 
Solution 
to Dilute 
to 1 Liter 

Temperature of 
the Saturated 
Solution at 
the Time of 
Saturation 

Volume of 
Solution 
to Dilute 
to 1 Liter 

0 C 

0 F | 

Ml 

° C 

°F 

Ml 

• C 

°F 

Ml 

10 0 

50 

0 

587 

20 

0 

1 cs 

0 

4S9 

30 0 

86 0 

424 

10 5 

50 

9 

581 

20 

5 

GS 

9 

4S5 

30 5 

8G 9 

421 

11 0 

51 

S 

575 

21 

0 

i G9 

S 

4S1 

31 0 

87 8 

418 

11 5 

o2 

7 

569 

21 

5 

70 

7 

477 

31 5 

SS 7 

415 

12 0 

53 

G 

5G3 

22 

0 

71 

G 

474 

32 0 

89 G 

412 

12 5 

54 

5 

557 

22 

5 

i 72 

5 

470 

32 5 

90 5 

410 

13 0 

5o 

4 

532 

23 

0 

73 

4 

466 

33 0 1 

91 4 | 

407 

13 5 

l 56 

3 

546 

23 

5 

74 

3 

403 

33 5 1 

92 3 

404 

14 0 

57 

2 

541 

24 

0 

7o 

2 

459 

34 0 | 

93 2 

401 

14 5 

58 

1 

536 

24 

5 

70 

1 

456 

34 5 : 

94 1 

398 

15 0 

59 

0 

531 j 

25 

0 

77 

0 

453 

35 0 

95 0 

39o 

15 5 i 

59 

9 

527 i 

25 

5 | 

77 

9 

450 

35 5 

95 9 

392 

1G 0 

GO 

8 

522 

26 

o 1 

78 

8 

446 

36 0 

96 8 

380 

10 5 

61 

7 

518 

2 6 


79 

7 

443 

30 5 

97 7 

387 

17 0 

G2 

6 

514 

27 

o 1 

SO 

6 

440 

37 0 

98 G 

384 

17 5 

63 

5 

509 

27 

5 

81 

5 

438 

37 5 

99 5 

381 

18 0 

64 

4 

505 

28 

0 

82 

4 

435 

38 0 

100 4 

378 

18 5 

65 

3 

501 1 

28 

5 

S3 

3 

432 

38 5 

101 3 

374 

19 0 

60 

2 

497 

29 

0 

S4 

2 

429 

39 0 

102 2 

371 

19 D 

07 

1 

493 

29 

5 

' 85 

1 

427 

39 5 

103 1 

3G8 

20 0 

GS 

0 

489 

30 

0 

, 86 

0 

424 

40 0 

104 0 

3G5 


c Stvnpmu> Copper Suefvte Solutions of Knodtn Specific 
Gravity A 100 ml portion of copper sulfate solution of any desired sp 
gr between 1 008 and 1 075, accurate to ±0 0003, may be prepared from 
the stock solution of sp gr 1 100 as follow s measure from a buret into 
a 100-ral volumetric flask a volume of stock solution less by 1 ml than 
the value represented by the second and third decimal places of the de- 
sired sp gr (For instance, if the desired sp gr is 1 055, 54 ml of stock 
solution are taken, for a sp gr of 1 017, 10 ml are taken and so on ) 
After measuring out the stock solution, dilute the contents of the 100-ml 
flask to the mark with distilled water and mix well This solution maj be 
used at any temperature within 15° to 20° C of the temperature at 
preparation Smaller portions than 100 ml may be prepared bj using 
proportionately reduced volumes 

Cross and Sevan’s Reagent. Prepare by combining 2 parts of con- 
centrated hydrochloric acid and 1 part of zme chloride, b> weight 

Digitomn Solution. Dissolve 1 g digitomn (Hoffmann-La Roche, 
Inc , Xutle>, N J ) m 1 liter of distilled water and place in a refngerator 
for 24 hours Filter Concentrate the entire filtrate and make up to e\- 
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actlj oOO ml (To hasten evaporation draw a rapid stream of air, filtered 
through cotton, over the surface of the solution m a tared flash., "hich 1 * 
immersed in a boiling water bath until the desired weight is reached / 
Duponol G (E I du Pont de 'Nemours and Co , Wilmington, Dela 
ware) Sodium salt of a sulfunc ester of laurjl alcohol 

Ehrlich’s Aldehyde Reagent A solution of fMbmethjlamino- 
benzaldehjde acidified with HC1 

Ehrlich’s Diazo Reagent Two separate solutions should be prepared 
and mixed m definite proportions when needed for use 

(a) 5 g sodium mtnte dissolved in 1 liter distilled water 

(b) 5 g sulfamlic acid and oO ml hjdrochlonc acid m 1 liter distilled 
water 

Solutions (a) and (6) should be preserved in well stoppered vessels and 
mixed in the proportion 1 tO when required It is said that greater 
delicacy is secured b> mixing the solutions in the proportion 1 100 
V satisfactory modification of this reagent containing less acid js de- 
«cnl*d on p 593 The sodium mtnte detenorates upon standing and 
becomes unfit for use in the course of a few w eehs 

Esbach’s Reagent DisboIvc 10 g picnc acid and 20 g citnc acid in 1 
liter water 

Exton’s Reagent Dissolve 200 g NajSO* lOIIjO m 800 ml water 
Cool to 3o° C and add o0 g sulfosalicyltc acid Dissolv e and dilute to 1 
liter 

Fehling’s Solution Fehlings solution is a mixture of copper sulfate 
solution and alkaline tartrate solution prepared as follows 

( opper tulfalc solution = 34 Go g copper sulfate dissolved in water 
and made up to o00 ml III aline larlrale solution = 12o g potassium 
h> droxide and 173 g Rochelle salt dissolved in water and made up to 
700 ml 
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Giinzberg’s Reagent. Dissolve 2 g. phloroglueinol and 1 g. vanillin 
in 100 ml. 95 per cent alcohol. 

Haines’ Solution. This solution may be prepared by dissolving 
8.314 g. copper sulfate in 400 ml. water, adding 40 ml. glycerol and 500 
ml. 5 per cent potassium hydroxide solution. 

Hopkins-Cole Reagent. To 1 liter of a saturated solution of oxalic 
acid add 00 g. sodium amalgam and allow the mixture to stand until the 
evolution of gas ceases. Filter and dilute with 2 to 3 volumes of water. 

Hopkins-Cole Reagent (Benedict’s Modification). Place 10 g. 
powdered magnesium in a large Erlenmeyer flask and shake up with 
enough distilled water to liberally cover the magnesium. Js T ow slowly add 
250 ml. of a cold, saturated solution of oxalic acid. The reaction proceeds 
very rapidly and with the liberation of much heat, so that the flask 
should be cooled under running water during the addition of the acid. The 
contents of the flask are shaken after the addition of the last portion of 
the acid and then poured upon a filter, to remove the insoluble magnesium 
oxalate. A little wash water is poured through the filter, the filtrate 
acidified with acetic acid to prevent the partial precipitation of the mag- 
nesium on long standing, and made up to a liter with distilled water. This 
solution contains only the magnesium salt of glyoxylic acid. 

Hubl’s Iodine Solution. A solution of iodine and mercuric chloride 
used to determine iodine numbers of unsaturated compounds. (SeeTodine 
Solution, Wijs.) 

Hydrochloric Acid Standard (0.1 N) Solution. See p. 868. 

Hypobromlte Solution. The ingredients of this solution should be 
prepared in the form of txio separate solutions which may be united as 
needed. 

(а) Dissolve 125 g. sodium bromide in water, add 125 g. bromine, 
and make the total volume of the solution 1 liter. 

(б) A solution of sodium hydroxide having a specific gravity of 1.25. 
This is approximately a 22.5 per cent solution. 

Preserve both solutions in rubber-stoppered bottles and when needed 
for use mix 1 volume of solution (a), 1 volume of solution (5), and 3 vol- 
umes of water. 

Iodine Solution. Prepare a 2 per cent solution of potassium iodide 
and add sufficient iodine to color it a deep yellow. 

Iodine Solution (0.1 N). Weigh 12.6S5 g. pure resublimed iodine 
into a small weighing bottle using a porcelain spatula Dissolve 18 g. 
pure KI m about 150 ml. water. Transfer the iodine to a liter flask, 
washing out the last traces with some of the KI solution, which is then 
poured into the flask. Stopper and shake occasionally until dissolved. 

If necessary, a few more crystals of Ivl may be added to aid solution. 
Dilute to the mark and mix well. Keep in a glass-stoppered bottle in a 
cool dark place. Standardize at once against 0.1 X sodium thiosulfate 
solution. Measure out accurately 25 ml. of the iodine solution into an 
Erlenmeyer flask, run m sodium thiosulfate until the color is pale yellow, 
then add a few ml. of a 1 per cent solution of starch (preferably soluble 
starch) and titrate to disappearance of blue color. Care should be taken 
near the end point. 

Iodine Solution (Wijs). Weigh into a 300-ml. flask 9.4 g. iodine 
trichloride. Add about 200 ml. glacial acetic acid. Stoppor with a cork 
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carrying a CaCI* tube and heat on the water bath until solution is com- 
plete Rub 7 2 g iodine to a fine powder in a mortar, wash with glacial 
acetic acid into a second flash, and heat this in the same w ay to dissolve 
the iodine Pour the contents of both flasks into a liter volumetric flask 
Add glacial acetic acid Measure 10 ml of the solution into a 500 ml 
Erlenmcycr flash Add 10 ml 10 per cent KI and about 200 ml Hater 
titrate with standard sodium thiosulfate solution and determine the 
iodine equiv alent of 1 ml of the solution 

Iodine-Zinc Chloride Reagent. Dissolve 20 g ZnCh in 8 5 ml 
water and, when cool, introduce the iodine solution (3 g KI and 1 5 
g I in GO ml water) drop by drop until iodine begins to precipitate 

Kraut’s Reagent Dissolve 272 g KI in w ater and add 80 g bismuth 
subnitratc dissolved in 200 g HNO a (sp gr 1 18) Permit the KNO* 
to crystallize out, then filter it off and make the filtrate up to I liter 
w ith w atcr 

Lead Acetate, Basic. (See Basic Lead Acetate ) 

Lime Water. Shake up an excess of calcium oxide or hydroxide with 
distilled water and leave well stoppered over night Decant clear super- 
natant solution and keep free from CO* of air 

Litmus-Milk Powder. Add 1 part powdered litmus to 50 parts 
dned milk powder To make a litmus milk solution, add 1 part of this 
powder to 9 parts water 

Lohmann’s Reagent. Vdd 25 ml concentrated nitric acid to 100 g 
mercuric nitrate octahj dratc follow cd by 25 ml w ater Warm to dissoh c 
Lugol’s Solution. Dissolve o g iodine and 10 g potassium iodide m 
100 ml distilled water 

Magnesia Mixture Dissolve 175 g magnesium sulfate and 3o0 g 
ammonium thlondc in 1 100 ml distilled water Add 700 g concentrated 
ammonium hydroxide mix thoroughly, and preserve the mixture m a 
glass-stoppered bottle 

Magnesium Nitrate Solution for Ignition Dissolve 320 g calcined 
magnesia in mtnc at id, avoiding an excess of the latter then add a little 
ealuned magnesia in excess boil filter from the excess of magnesia, 
fernc oxide, etc , and dilute with water to 2 liters 

Methyl Orange Dissolve 01 g methyl orange in 100 ml distilled 
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a Naphthol Solution. Dissoh e 1 g a-naphthol in 100 ml 95 per cent 
alcohol 

Nessler’s Reagent: (v) Formula op Folin vndWu Ncssler’s solution 
is an alkaline solution of the double iodide of mercury and potassium 
(HgI 2 2KI) Into a 500-ml Florence flask introduce 150 g potassium 
iodide and 100 g iodine, add 100 ml water and an excess of metallic 
mercury, 140 to 150 g Shake the flask continuously and vigorously for 
7 to 15 minutes or until the dissolved iodine has nearly all disappeared 
The solution becomes quite hot When the led iodine solution begins to 
become \isibly pale, though still red, cool in running water and continue 
the shaking until the reddish color of the iodine has been replaced by 
the greenish color of the double iodide The whole operation does not 
usually take more than 15 minutes Decant the solution, washing mercury 
and flask with liberal quantities of distilled water Dilute the solution 
and washings to 2 liters If the cooling was be^un m time, the resulting 
reagent is clear enough for immediate dilution with 10 per cent alkali 
and water and the finished solution can be used at once for nesslenzation 

Trom this stock solution of potassium mercuric iodide prepare final 
Nessler’s solution as follows Into a flask of at least 5 liters capacity 
introduce 3500 ml 10 per cent sodium hydroxide solution, add 750 
ml of the double iodide solution and 750 ml distilled water, making 
o liters of solution The 10 per cent NaOH should be made from a satu- 
rated solution (containing about 75 g per 100 ml ) w Inch has been allowed 
to stand until the carbonate has settled, the clear solution being decanted 
and used This solution should have been standardized with an accuracy 
of at least 5 per cent Nessler’s reagent should be used m the ratio of 
10 ml per 100 ml of solution to be nesslerized, except where excessive 
amounts of acids are present, as in direct nesslerization procedures 

The alkalinity of the Nessler’s reagent is important and may be checked 
hy titrating with it 20 ml portions of N HC1 A good end point with 
phenolphthalem should be obtained at 11 to 11 5 ml If as little as 9 5 ml 
is required, the solution is too afkahne One ml of the ddute (L l) acid 
digestion mixture should also requne 9 to 9 3 ml Nessler’s solution to 

neutralize it 

(n) Formulx of Koch and McMeekin Dissolve 22 5 g iodine in 
20 ml water containing 30 g potassium iodide After the solution is 
complete, add 30 g pure metallic mercury, and shake the mixture well, 
keeping it from becoming hot by immersing it in tap w ater from time to 
time Continue this until the supernatant liquid has lost all of the > ello w 
color due to iodine Decant the supernatant aqueous solution and test a 
portion by adding a few drops thereof to 1 ml of a 1 per cent soluble 
starch solution Unless the starch test for iodine is obtained the solution 
m ay contain mercurous compounds To the remaining solution add a 
feu drops of an iodine solution of the same concentration as employed 
above, until a faint excess of free iodine can be detected by adding a 
few drops thereof to 1 ml of the starch solution Dilute to 200 ml and 
KR-x well To 975 ml of an accurately prepared 10 per cent sodium liy 
dro\ide solution now add the entire solution of potassium mercuric 
iodide prepared above JIix thoroughly and allow to clear by standing 

( c ) Tormulv of Bock and Benedict Place 100 g mercuric iodide 
and 70 g potassium iodide m a liter xolumetric flask and add about 
•fOO ml water Rotate until solution is complete Now dissoh e 100 g 
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NaOH m about 500 ml water, cool thoroughly and add 'V.thcomrtant 
shaking to the mixture m the flask then make up »i 

of sodium carbonate, extract the mixture with ether, and remo 
ether by exaporation The residue is neutral olive oil 

Neutral Red. A 1 per cent solut.on m oO per cent alcohol 
p-Nltrophenol. A 1 per cent solution in oO per cent alcohol 
Nylander’s Reagent. Digest 2 g bismuth submtrate and 4 g Roc > 
salt in 100 ml of a 10 per cent solution of potassium hydroxul 
reagent should then be cooled and filtered , bu , r 0 f 

Obermayer’s Reagent. Add 2 to 4 g of feme chloride to a lire 

hv drochlonc acid (sp gr 1 19) 

Oxalic Acid Standard (0.1 N) Solution. See p 86, ,, t 

Permutit. A synthetic aluminum silicate obtained from the n 
Company, New York. Only such preparations as pass through a Wwn 
sietc but not through an 80-mesh siete should be used It should gi 
very little dust or turbid material to water and settle in a fe " se tb 
It may be used more than once by cashing first with water, tUcn 
2 per cent acetic acid and finally with water again 
Phenol Reagent (Folm and Ciocalteu). bee p 939 
Phenolphthalem. Dissolve 1 g phenolphthalein in 100 ml V" 


cent alcohol < u v 

Phenylhydrazme Acetate Solution. This solution is prepares ^ 
mixing 1 volume glacial acetic acid, 1 volume water, and 2 volu 
phenjlhjdrazinc (the base) , . 

Phenylhjdrazine Mixture. This mixture ls prepared by comm 
2 parts phen>lh>drazint hjdrochlonde and 3 parts sodium ac ® t Tf, tcf 
wcijhl These are thoroughly mixed in a mortar A mixture of be ^ 
keeping quality may lie made by mixing equal weights of the hj r 
chloride and anhydrous sodium acetate 

Phosphomolybdlc Acid. Saturate some sodium carbonate solu * 
with pure moljbdic acid Vdd 1 part crystalline disodium phosphate 
5 parts aud and e\aporatc to dtyness Fuse in a porcelain dish at a 
red heat Dissolve the sodium phosphomolybdatc in 10 parts water an 
add mtnc acid until the solution turns a golden > cllou color ^ 

Phosphotungstic Acid. Dissolve 100 g sodium tungstate and 
♦ /» Efi rr ilikmlium nhnsnhati* in -VX1 ml n.itpr Arid mtne acid to an aci 
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watch glass and let stand over night at room temperature. If crystalliza- 
tion fails to occur, seed with a small crystal of pure picric acid. At the 
end of two hours, filter with suction on a hardened filter, and wash with 
about 35 ml. cold glacial acetic acid. Suck as free from acetic acid as 
possible and dry at about 80° to 90° C., with occasional stirring, until 
there is no odor of acetic acid. Conduct operations in a good current of air. 

b. Sodium Picrate Method of Folut. Transfer 500 g. moist picric 
acid to a Florence flask of 1500 ml. capacity. Add 500 ml. acetone. Shake, 
with a little warming under hot tap water, until all the crystals have 
dissolved. Add 20 g. active charcoal ("Norit”)- Shake, and filter into 
another flask. During this filtration keep the funnel closed with a watch 
glass to prevent evaporation. 

Dissolve 250 g. anhydrous sodium carbonate and 100 g. sodium chloride 
in 2500 ml. warm water in a 4-litcr beaker. While stirring with an agate- 
ware spoon, add the acetone solution gradually to the alkaline salt solu- 
tion. When the reaction (CO 2 evolution) is finished, let stand, preferably 
in cold water, for about 30 minutes, and filter on a large Buchner funnel 
(diam 20 cm.). Wash with about 2 liters sodium chloride solution (7 per 
cent) and suck as dry as possible. 

If the original picric acid is of good quality, the sodium picrate on the 
Buchner funnel will be pure, but it is a little safer to recrystallize it once 
as follows: 

Return the precipitate to the 4-liter beaker and add 2 liters boiling 
water and 20 g. sodium carbonate. To the resulting hot solution add 
gradually, with stirring, 150 g. sodium cliloride, cool, filter, and wash 
as before with 7 per cent sodium chloride solution. Then wash once or 
twice with a more dilute sodium chloride solution (2 per cent) and finally 
wash once with methyl alcohol to remove most of the remaining chloride 
and water. Dry, either at room temperature or over a radiator. 

Test for the Purity of Sodium Picrvte. Make 100 ml. of a 3 per 
cent solution. Transfer 5 ml. and 10 ml. to test tubes graduated at 25 ml 
Dilute each to about 22 ml., add 2 ml. 5 per cent sodium hydroxide, 
dilute to volume, mix, and let stand for 10 minutes. Then add 4 g. 
powdered potassium chloride, mix by inversion for about 1 minute, filter 
on a 9-cm quantitative filter paper, and compare the two filtrates in the 
colorimeter. If the picrate is pure, the two filtrates will have the same 
color. 

Picric Acid. The process for the preparation of pure picric acid is 
exactly the same as described above, up to the final washing with methyl 
alcohol, except that hardened filter paper should be used on the Buchner 
funnel. 

One simply converts the purified sodium picrate in the Buchner funnel 
into picric acid by treating it with dilute hydrochloric acid. 

Prepare at least 2 liters of such acid (1 volume cone, acid to 4 volumes 
water). Disconnect the filtering flask from the suction pump. Pour the 
acid over the picrate. Stir up the precipitate with a porcelain or glass 
spoon, so as to make sure that the acid has acted on it all. Use plenty of 
tile acid. Unchanged picrate can be distinguished by its darker color. 
When no more picrate is visible, connect again with the suction pump, 
and filter to dryness Then wash five or six times with cold distilled water 
and suck as dry as possible. Temperatures up to 90° C. can safely be 
Used for the drying of picric acid. 
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Picnc Acid, Saturated Solution. Thii may be prepared cither by 
allow me distilled water to stand in contact with an excess of picnc aci 
with occasional shaking or by making a 12 per cent solution 
Potassium Mercuric Iodide Dissolve 0 /7o g dry cry 
mercunc chlondc and 2a g potassium iodide separately in water 

D 'potassium Permanganate Standard (0 1 N) Solution. Dissolve 
3 102 g pure potassium permanganate in a liter of distilled w » 
allow to stand a few days, and filter through glass wool Stand 
against 0 1 \ oxalic acid solution or against pure dry sodium or p 
sium oxalate One ml 01 N permanganate is equiv alent to b/ b 
sodium oxalate (See aho footnote 2o0, p 645) . 

Potassium Persulfate Solution (Saturated). Add 100 ml 
tilled water to 7 g pure potassium persulfate in a glass-stoppered bo 
UndLssolved excess settles and eompensates for loss by decompositioi 
Ringer’s Solution To 900 ml 0 lo4 M \aCl solution add mi 
0 131 M KC1 solution and 20 ml 011M CaCl* solution , 

Roberts’ Reagent Mix 1 \olume concentrated nitnc acid an 
5 volumes saturated solution of magnesium sulfate ^ 

Rosenheim’s Iodo-potassium Iodide Solution Dissolve *• B 
iodine and 0 g potassium iodide m 100 ml water (This is different from 
I ugol s solution in which the proportion of iodine to potassium lodici 


IS 1 & J . 

Sahll’8 Reagent This reagent consists of a mixture of equal pa r 
of 48 per cent solution of potassium iodide and 8 per cent solution o 
potassium lodatc 

Schweitzer’s Reagent To 10 parts ammonium hydroxide (tp & 
0 90) add 3 parts distilled water To this mixture add a slight exec* 3 
of copper carlionatc shake vigorously and allow to stand over night 
Siphon oil the clear, supernatant liquid 

Selivanoft’s Reagent Dissolve 0 0a g resorcinol m 100 ml dilute 
(1 2) hydrochloric acid 

Sodium \cetate Solution Dissolve 100 g sodium acetate in 600 
ml d -stilled w ater, add 100 ml 30 per cent acetic acid to the solution, an 
make the volume of the mixture up to 1 liter with distilled water 

Sodium Vlcoholate (0 1 N) Solution The sodium alcoholatc n 
made by dis-olving 2 3 g cleaned metallic sodium in 1 liter absolute 
ill oho! It may be standardized against pure benzoic acid in washcc 
chl< roform or u„am.it 01 N HC1 provided the alcoholatc solution ton 
tarns not m< re than traees of carbonate 

Sodium Mizann Sulfonate Dissolve 1 g sodium alizann »ul 
f unate tn 100 ml water 

Sodium Cobalt ini trite Solution Prepare according to Ivramcr am 
1 wlall as folio >s 
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the gas has passed off The reagent is placed in the icc chest and filtered 
each time before using It will keep at least one month 

To ‘20 ml of this sodium cobaltimtnte solution add 2 ml 40 per cent 
silver nitrate solution Shake vigorously and filter to remove trace of 
insoluble precipitate 

Sodium Hydroxide (Saturated Solution). Shake up about 110 g 
of best quality NaOH with 100 ml distilled water in a 300-ml Erlen- 
meyer flask (“Py rex”) Stopper and allow to stand for a couple of days or 
until the sodium carbonate settles to the bottom leav ing a clear solution 
of NaOH practically free from carbonate, and containing about 75 g 
NaOH per 100 ml 

Sodium Hydroxide Standard (0.1 N) Solution. See pp 867 and 

868 

Sodium Thiosulfate Standard (0.1 N) Solution. Weigh out 25 g 
ordinary c p sodium thiosulfate or 24 83 g of the pure dry recrystallized 
salt Dissolve in water and dilute to a liter Boiled distilled water must be 
used Beep in a bottle with a siphon arrangement and carrying a soda- 
lime tube to exclude CO- It is best standardized against acid potassium 
lodate IvH(IOj)* Weigh out accurately 0 3249 g acid potassium lodate 
Dissolve in oO ml water, heating gently if necessary Transfer the 
solution to a 100 ml flask, rinsing the beaker carefully and make to 
mark with water This solution is exactly decmormal Pipet 25 ml into 
an Erlcnrneyer flask, add 1 g potassium iodide dissolved m a little 
water, and a few cubic centimeters of dilute hydrochloric acid Titrate 
immediately with the thiosulfate solution When the solution becomes 
pale yellow add a few ml 1 per cent solution of soluble starch and titrate 
to loss of blue color 

Sodium Tungstate Solution. A 10 per cent solution of sodium 
tungstate in i\ater The cp sodium tungstate made by the J T Baker 
Chemical Co , Plnllipsburg, N J , or by the Mallinckrodt Ghemical Co , 
St Louis, Mo , is satisfactory (See also p 561 ) If not easily soluble, 
prepare a hot 10 per cent solution, cool, and titrate 25 ml with 10 per 
cent NaOH and phenolplithalem to a pink color w hich lasts for 3 minutes 
Add a proportional amount of NaOH to the main solution 

Soluble Starch Suspend 3 g raw potato starch m 100 ml redistilled 
95 per cent alcohol, add 0 75 ml concentrated HC1, and heat on a boiling 
water bath with a reflux condenser for exactly 10 minutes Add at once an 
amount of normal sodium bicarbonate solution just sufficient to neutral 
ize 0 75 ml of the acid, using methyl orange as indicator Decant through 
a filter and wash with several portions of alcohol Dry at room tempera- 
ture, sieve and presen e 

Soluble Starch Solution A solution of soluble starch suitable for 
most lodoraetnc titrations and with good keeping qualities is made ac- 
cording to Pincussen by dissolving 1 g soluble starch in 10 ml boding 
water and adding to 90 ml saturated NaCl solution 

Starch-Iodic Acid Test Paper This test paper is prepared as follows 
Saturate a good quality of filter paper with 0 o per cent starch paste to 
which has been added sufficient iodic acid to make i 1 per cent solution 
of iodic acid and allow the paper to dry in the air Cut it in strips of 
suitable size and preserve for use 
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Starch Paste. Gnnd 2 g starch powder in a mortar with a small 
amount of water Bring 200 ml water to the boiling point and add the 
starch mixture from the mortar with continuous stirring Bring again o 
the boiling point and allow it to cool This makes an approximate 1 per 
cent starch paste which is a very satisfactory strength for general use 
Stoke’s Reagent. A solution containing 2 per cent ferrous sulfate 
and 3 per cent tartaric acid When needed for use a small amount should 
be placed in a test tube and ammonium hydroxide added until the pre 
cipitate which forms on the first addition of the hydroxide has entirely 
dissolved This produces ammonium f err olar irate, which is a reducing 
agent 

Sulfuric Acid, N/12. Add 2 5 ml concentrated sulfuric acid to a 
liter of distilled water Standardize against alkali of known strength 
(Seep 544 ) 

Sulfuric Acid, Two- thirds Normal. Add 35 g concentrated c p 
sulfuric acid to a liter of distilled water Standardize against alkali of 
known strength 

Takayama’s Solution. A mixture of 3 ml IQ per cent NaOH, 3 ml 
pyndine, 3 ml saturated solution of glftcost andV7 ml water The solu 
tion works rapidly in the cold if at .least pou//'old With a fresh solu 

tion, warming or more time is necessary ft keeps fac.one to tw o months 
Tannic Acid A freshly prepared o per cent aqufcotta solution 
Tanret’s Reagent Dissolve 1 35 g mercuric chloride in 2o ml water, 
add to this solution 3 32 g potassium iodide dissolved m 25 ml water, 
then make the total solution up to CO ml with distilled water and add 20 
ml glacial acetic acid to the mixture 
Tincture of Iodine. Dissolve 70 g iodine and 50 g potassium iodide 
in 50 ml distilled water Dilute to 1000 ml with 95 per cent alcohol 

Topfer’s Reagent. Dissolve 0 5 g dimethylaminoazobenzene in 
100 ml 95 per cent alcohol 

Tropeoiin 00. Dissolve 0 05 g tropeolin 00 in 100 ml 50 per cent 
alcohol 

Tungstate-Molybdate Reagent To 10 g pure \H r frec, molyb- 
die acid m a flask add 50 ml \ T sodium hydroxide and boil gently for 

3 to 5 minutes Add about 1 50 ml water Filter the hot solution and add 

to the filtrate a solution of 80 g sodium tungstate dissolved m about 
GOO ml water Dilute to 1000 ml 

Uranium Acetate Solution. Dissolve about 35 0 g uranium acetate 
in 1 liter water with the aid of heat and 3 to 4 ml glacial acetic acid Let 
stand a few day s and filter Standardize against a phosphate solution con 
taming 0 00 » g. P,0» per ml tor this purpose dissolve 14 721 g pure air 
•> sodium ammonium phosphate (\a\H 4 HP0 4 + 4II 2 0) in water to 
,akc a liter To 20 ml of this phosphate solution in a 20(Cml beaker add 
) ml water and > ml sodium arttatc solution (see p 1332) and titrate 
ith the uranium solution to the comet end reaction as indicated in th® 
Htjiod l proper p 952 If exartk 20 ml uranium solution are required 
ml of the solution is equivalent to 0 005 g P,0*. If stronger than t!»H 
dute irionlmgiy and check again by titration 
Winkler’s Reagent. Cuprous chloride 10 g ammonium chloride 
p<J g , distilled water to 150 ml tor use mix tins solution with ammonW® 
ijurtniuc (■'P gr 0 9) in the proportion of 3 1 
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H. COMMON ACIDS AND ALKALIES AS PURCHASED 


Stihsfance 

i 

Specific 
Graiity 
(at Room 
Temperature) 

Per Cent 
by U ei jit 

Approximate 
\ ormahty 

MI.OIl 

0 90 

28 

(as MI,) 

15 

\aOII 

(saturated) 

1 5 

50 

19 

II so, 

(concent rat ( d) 

1 84 

9o 

30 

UNO, 

(concentrated) 

I 42 

70 

10 

IIC1 

(concentrated) 

1 19 

3ti 

12 

II, PO. 

(sjrupj) 

1 71 

85 

45 

Icetic acid 
(glacial) 

1 05 

99 5 

17 
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HI. TABLE OF COMPOSITION OF FOODS*— RAW, PROCESSED, 
PREPARED 

SIGNS AND SYMBOLS USED 

An asterisk in the table stub indicates an item for which the composi 
tion has been calculated from a recipe 

Parentheses denote imputed values for which little or no experimental 
evidence was available, for which there was relatively little basis for im- 
puting a value from another form of the food, or for which reported dat i 
were not considered suitable A zero in parenthesis is used where actual 
data were lacking and the amount of a constituent present was regarded 
as none or probably too hlilc lo measure 

Dashes show that no basis could be found for imputing a value although 
there was some reason to believe that a measurable amount of the con- 
stituent might be present 

The word “Trace” is used to indicate vitamin values that would round 
to zero with the number of decimal places earned in these tables For 
other components that would round to zero, a zero is used A zero fol- 
lowed by a decimal point indicates that there may be up to 0 5 of the 
unit present but bases for showing the amount were inadequate Num- 
bers with or without decimal points indicate that the average has been 
rounded to the nearest whole number or in the case of vitamin A to the 
nearest multiple of ten 


* Abridged from Watt Merrill Orr Wu and 1‘ccot Agriculture Handbook No 8 
Washington DC US Department of Viniculture 1950 

In preparing this abridgment the following items have been omitted Raw foods not 
commoniy eaten certain canned foods when values for corresponding cooked items are 
included frozen foods and prepared infant foods similar in composition to forms included 
condensed soups, lean or fat meats when medium fat meats are listed, cross references 
Numbers missing from first column represent omitted items 
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\ 2H \ M 



c/ dried or efiipped M7 7 J 203 I 34 3 0 3 0 0 j 11 <3 20 401 Cl (0) ( 07J 

ccf and vegetable atCH' I 78 0 107 5 5 I 8 2 f 7 1 4 | Cj 13 r 75 11 1 070 Oo 

cr (average 4 per cent aleol ol) 00 2 « 6 0 1 4 4 — I 2 4 20 0 (0) Trace 

;ta common red canned solid* and liquid j 00 3 34 I pi 1 I 7 9 6 8 15 20 C 20 01 
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174 Candy candied or slaco peel 

175 ginger root crjata/firctf 
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253 Corn flakes (enriched) 
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s j 
1 g 


2 

3 


2 


3 



a 


, and 2C0 I U vitamin A per 100 g 

, levels of enrichment specified in standards of Identity promulgated under tbo Food Drug, and Cos- 
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“ liaj,c<1 *”» tlle average vitamin A content of fortiGed margarine Most of the margarines manufactured for use J 
added per pound The minimum Federal specifications for fortified margarine require the addition of 0 000 I U of vitar 
11 Based on unfortified products 
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11 Calcium may not bo available because of presence of oxalic acid 

” Tbe proximate constituents calcium phosphorus and vitamin A are calculated from a recipe 

*• T1 e vitamin A values range from about 10 1 U per 100 g of white fleshed plantains to 1 200 1 U per 100 g of deeper yellow fleshed 
11 V a ' ue!, * or raw items are from the medium fat wholesale cuts considered to be nearest approximations for indicated retail itci b 
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mchmcnt apccificd in tho standards of identity of breads proposed by tho Federal 80 
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643 Soybean milk (without added calci 
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" Approxiu ately 40 per cent of this total amount of carbohydrate calculated by difference is sugar starch and dextrin The remaining portion is made up of 
>ught to bo utilized only poorly if at all by the body 

*’ Iron thiamine riboflavin and macin are based on the minimum level of enrichment specified in the standards of identity promulgated under the Food 



Food., 100 C. , Lo,«u. I • c , m os-(Conlmmd) 


1354 


PRACTICAL PliySIOJUOCICAL CuEMISTttt 







710 Wfttcrruelo 


Al PESO IX III 


1355 




100 G , 1 DIBLD l’OKTIOS— (Continued) 


1356 


PBACHCAL PHYSIOLOGICAL ClIEMISTKT 



Appendix IV 


1357 


IV. AVERAGE PORTIONS OF FOODS 
Caloric Values and Acid- and 
Base-Forming Effects 

The data presented here are reproduced by permission from the 1946 
Nutritional Charts prepared by the H. J. Heinz Co., Pittsburgh, Pa. 
The alkaline or acid effect is given in terms of ml. of N alkali (+) or acid 
(-) corresponding to 100 g. or 100 ml. of food (see discussion on p. 1097). 
The measure of “ average portion” as given is based upon the edible por- 
tion only and upon articles of average size. The food is calculated as in the 
raw state. These figures are not offered as exact data but merely as a guide 
in estimating average portions or servings; naturally there is considerable 
possible variation in this respect. For precise nutritional studies, all food 
consumed should be accurately measured. In these tables, T. = table- 
spoon, t. = teaspoon, c. = cup. 



+ f + + \ 


7 G 00 

0 8 23 

8 0 20 

GO 09 

18 0 01 

+ 31 37 

+ 18 0 88 

+12 0 91 

-r28 0 125 

+15 110 

+ 17 0 158 

+ 1G 0 CO 

+ 11 0 12 

+27 0 28 

+ 9 3 l 32 


1 

+ 11 0 

53 

6 

+ e o I 

11 

c shredded as slaw 

+ 11 0 j 

40 

1 large, scraped 

+ 53 i 

27 

1 c "curd" 

-r 8 8 1 

39 

% c pared 

+ 781 

8 

2 stalks 

+ 16 O 

22 

IX c 

+13 O 

52 

2 hunches 

+ 1 

45 

He 

- 1 8 

84 ] 

He 

-20 

101 

X c cut from cob 

+ 7 9 | 

7 

10 slices, pared 

+ 18 0 

45 

1 c 

+ 63 

25 

2 slices, pared 

+ 70 1 

9 

X head 

j +40 

1 

3 

M head 

1 cl os e, peeled 

| +48 

9 

1 t 



g raM 
100 
100 
100 
100 
23 

100 

100 

23 

100 

23 

100 

100 

100 

100 

100 

100 

57 

100 

100 

100 

40 

100 

100 

100 


100 

100 

LOO 

13 

16 


10 
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Vegetables— (Continued) 


Kale 

Kohlrabi 

Lambsquartcra 

Leeks 

Lentils, dried 
Lettuce 

Marrow, \egetnblc 

Mushrooms 
Mustard greens 
Okra 
Onions 
Parsley 


Parsnips 

+ 12 0 

Peas, dned 

+ 50 

Peas, green 

+ 1 3 

Peppers, green 

+ 1 7 

Potatoes, sweet 

+ 67 

Potatoes, white 

+ 70 

Pumpkins 

+ 1 5 

Radishes 

+ 29 

Rhubarb 

+ 85 

Rutabagas 

+ 85 

Salsify (ojster plant) 

+ 29 

Sauerkraut 

+ 57 

Spinach 

+27 0 

Squash, summer 

+ 1 0 

Squash, winter 

+ 26 

Taro 

+18 0 

Tomatoes 

+ 56 

Turnips 

+ 27 

Turnip greens 

+ 23 

Water cress 

+12 0 

Yams 

+ 

^ autia, v ellow 

+15 0 


45 1 c leaves 

32 He 
44 1 c Iea\es 

23 2 stalks 

91 2 T 

12 H Lead 
17 s $c 

30 7 

25 1 c leaves 

17 5 pods 

23 1 

1 sprig 

75 M large, scraped 

92 2 T 

92 Y\ c shelled 

24 1 empty pod 

175 1 pared 


31 He seeded, rind removed 

7 5 

15 1 c stems 

36 H c scraped 

78 2 scraped 

14 He 

22 1 c leaves 

17 1 c seeded, rind remov ed 

38 1 c seeded, nnd remov ed 

93 1 conn, pared 

20 1 small, cored 


21 c leaves 

55 1 tuber, pared 
10 1 corm, pared 
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Average Portion 

Name 

(+) or 
ctd (-) 

' otal 

1 (ensure ^ 


Effect 

ones 

_ 




gr 


+ 37 

90 

large, cored 

Apricots 

+ 0 1 
+11 0 

54 

259 

halves, stoned 
^ pear, pared, stoned 

Bananas 

+ 56 

96 

small, peeled 

Blackberries 

+ 69 

46 

c 

Blueberries (huckleberries) 

+ 27 

63 

He 

Cherries 

+ 45 

67 

18 stoned 

Cranberries 

- t 

48 

c 

Currants 

+ 63 

48 

1 c 

Dates, dned 

+11 0 

92 

4 stoned 

Figs, dried 

+33 0 

83 

iH 

Gooscberncs 

+ 33 

37 

He 

Grapefruit 

+ 70 

43 

H c juice 

Grapes 

+ 40 

72 

1 bunch, seeded 

Guavas 

+ 80 

50 

1 pared seeded 

Lemons 

+ 50 

40 

H c juice 

Limes 

+ 10 0 

52 

H c juice 

Loganberries 

+ 73 

64 

1 c 

Mangoes 

+ 50 

69 

Y pared, seeded 

Melon — Cantaloupes 

+ 75 

40 

Y seeded, rind removed 

Honeydew 


68 

H seeded, nnd remo\ed 

Muskmelons 

+ 75 

52 

Y seeded, nnd removed 

Watermelons 

+ 27 

58 

1 slice, seeded 

Nectanncs 

+ 62 

65 

2 pared, stoned 

01i\cs, green 

+ t 

35 

5 small, stoned 

Oranges 

+ 56 

48 

H c juice 

Papayas 


40 

l i seeded, rind removed 

Peaches (yellow) 

+ 59 

49 

1 large, pared, stoned 

Pears 

+ 42 

64 

2 halves, cored pared 

Persimmons 


135 

1 small, seeded 

Pineapples 

+ 68 

57 

2 slices, canned 

Plums 

- t 

54 

3 stoned 

Pomegranates 

+ 35 

74 

Y seeded 

Prunes, dried 

- t 

108 

4 stewed, Btoned 

Quinces 

+ 49 

51 

1 boiled, as a sauce 

ILusins 

+34 0 

131 

Y c seeded and seedless 

Raspbernes black 

+ 38 

69 

H c 

Raspberries red 

+ 60 

5G 

He 

Straw berm s 

+ 5 

30 

12 hulled 

Tangerines 

+ 5 

4G 

2 peeled, seeded 


100 

100 

30 

30 

100 

100 

100 

100 

100 

100 

100 

100 

200 

200 

200 

200 

100 

2o 

100 

100 

100 

100 

100 

100 

100 

100 

37 

100 

45 

100 

100 

100 

100 
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Clrlai* and Bakert Products 


A a me 

Alkaline 
(+) or 
And (-) 
Effect 

Parley, pearled 

-10 0 

Bread, ennched white 

- 4 0 

Bread, rj c 

- 5 2 

Bread, white 

- 4 0 

Bread, whole wheat 

- 3 6 

Cake, devils food, iced 

- G 3 

Cake, sponge 

- 0 7 

Cookies (a\eruge) 

— or + 

Cornmeal, yellow 

- 4 9 

Crackers (Graham) 

- 8 5 

Crackers, soda 

- 9 0 

Boughnuts 

- 1 7 

I anna 

-11 0 

I anna, ennched 

-11 0 

Flour, buckwheat 

- 7 1 

Hour, rje 

-11 0 

Flour, soybean 

+ 95 

Flour, white 

- 9 0 

Flour, whole wheat 

-11 0 

Hominy, white 

- 1 7 

Macarow or spaghetti 

-14 0 

Noodles, egg 

— 

Oatmeal (Rolled Oats) 

-12 0 

Popcorn, popped 

- 8 0 

Pretzels 

- 7 0 

Bice, brown 

- 5 7 

Bice, w hite 

- 9 0 

Tapioca 

0 0 

Mbeat bran 

-2o 0 

Mbeat germ 

-20 0 

Mb eat, whole 

— 12 0 


Aierage Portion 

Total 



Cal - 

Measure 

I V eight 

ones 





grams 

107 

3 T 

30 

130 

2 slices 

50 

125 

3 slices 

50 

130 

2 slices 

50 

129 

2 slices 

50 

202 

1 piece 

57 

108 

1 piece 


10G 

1-2 

28 

107 

3 T 

30 

125 

3 

30 

104 

4 

25 

242 

1 

57 

110 

3 T 

30 

110 

3 T 

30 

77 

2 T 


64 

2 T 

18 

82 

2 T 

18 

GO 

2 T 

17 

57 

2 T 

16 

178 

He 

50 

101 

Me 

28 

382 

Me 


98 

Me 


G9 

1 c 


90 

6 

2a 

106 

3 T 

30 

9S 

2 T 

28 

140 

Me 

40 

87 

1 c 

28 

76 

2 T 

20 

72 

2 T 

20 


Mbits, Fish, and Poultry Products 


‘acou (lean) 
leef brains 
k®fi chuck 

corned (medium) 
*°cf heart (lean) 


-48 

149 

4 slices 

-21 0 

144 

M lb 

-11 0 

303 

M lb 

-10 0 

32a 

M lb 

- 9 1 

118 

Rib 


grams 

28 

113 

113 

113 

113 
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Meats, Fish, aad Pocltet PttODInns-(CottJ.miri) 


Beef kidney 
Beef liver 
Beef, loin 
Beef steak 
Beef sweetbreads 


Beef tongue 

Bluefish 

Bologna 

Chicken 

Clams 

Codfish 
Crabs 
Duck 
Egg white 
Eggjolk 


Frankfurters 
Gelatin, dned 
Goose 
Haddock 

Halibut 
Ham (fat) 

Herring 
Lamb chop3 
Lamb, leg 

Lobster 

Mackerel 

Margarine, fortified 
Mince meat 
Mutton, leg 

Ojstcrs 
Pork chops 
Pork sausage 
Rabbit 
Salmon 


Average Portion 


1 

d 


' 

(+) <w 

ad (-) 
Effect 

'ola/ 

Coll- 

ides 

Measure ^e 

“ 




6« 


- 8 5 

155 

1C 


-11 0 

149 

y* lb. 


-11 0 

385 

\Ya lb 


-11 0 

263 

H lb 


-12 0 

463 

1 c 


-11 0 

170 

1 5 slices 


- 9 0 

133 

1 1 fish filet 


- 8 5 

93 

■o 

$ 

1 

4 


-14 0 

141 




87 

9 



- 8 4 

79 

Klb filet 


-40 0 

92 

He 


-24 0 

180 

Ya lb 


- 5 2 

16 


white 


. -27 0 

GO 


yolk 


1 -11 0 

82 


1, shell removed 


1 - 9 3 

227 


2 links 


1 __ 

31 


1 T 


- 7 8 

173 

Ya lb 


1 -12 0 

81 

YL lb filet 


- 9 3 

137 

Hlb filet 


- 9 5 

515 

Ya lb 


- 9 0 

154 

1 filet 


- 9 7 

260 

2 chops 


- 9 6 

260 

Y*\h 


-38 0 

95 

% c canned 


-11 0 

207 

1 filet 


0 0 

103 

IT 


+12 0 

316 

Ya lb 


- 9 6 

216 

Ya lb 


-23 0 

92 

6 


-80 

392 

2 chops 


- 7 

156 

2 links 


-15 

198 

*4 lb 


-11 

216 

1 c canned 
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Iterate Portion 


A r ame 

(+) or 
lad (-) 
Effect 

Total 

Cal- 

orics 

Measure 

Weight 

Sardines in oil 

-11 0 

104 

4 sardines 

grams 

50 

Scallops 

-36 0 

84 

He 


Shnmp 

- 1 6 

72 

8 


Tnpe 

- 8 1 

100 

Mlb 


Tuna in oil 

_ 

111 

% c , canned 

57 

Turkey 

-11 0 

17G 

Klb 

113 

Veal chops 

-14 0 

236 

2 chops 



- 9 8 

20S 

H lb 


Whitefish 

-10 0 

170 

Mlb filet 



Dairy 

Products 



Butter 

Buttermilk 

Cheese, American 

Cheese, Cheddar 

Cheese, Cottage 

Cheese, Cream 

Cheese, Roquefort 

Cheese, Swiss 

Cream, sour 

Cream, sweet 

Ice cream, \amlla 

Milk, chocolate 

Milk, condensed (sweetened) 

Milk, dried skim 

Milk, dried whole 


0 0 
+ 22 
-54 
-50 
- 4 5 


103 

74 

110 

110 

28 


-34 

+ 

— 5 0 


104 

109 

113 

29 


0 0 31 


+ 02 
+ 1 5 
+ 52 
+ 1S 0 
+ 12 0 


214 

174 

98 

o7 

SO 


2 pats 
1 glas3 
1 shoe 
1 cube 

He 

1 cube 
1 slice 
1 slice 
1 T 
1 T 
Me 

1 glass 

2 T 
2 T 
2 T 


Milk, evaporated 
Milk, goat 
Milk, human 
Milk, skim 

Milk, whole (pasteurized) 
^hey, dried 


+ 5 1 

+ 

+ 

+ 24 
+ 23 


+ 


139 M glass 
147 1 glass 

68 


76 1 glass 

145 1 glass 

28 IT 


grams 

14 
210 

28 

28 

28 

28 

28 

28 

15 

15 
100 
210 

30 

16 
16 

115 

210 

100 

210 

210 

8 


Is.xrrs 


Almonds 
Brazil nuts 
Butternuts 
Cashew 

Chestnuts, fresh 


+12 0 

S3 

12 nuts 

+ 45 

96 

2 nuts 


95 

4 nuts 


85 

10 nuts 

+ 50 

26 

3 nuts, skin remo\cd 


grams 

14 

14 

14 

14 

14 
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Nuts — ( Conttnued ) 


Coconut, dned 
Hazelnuts (filberts) 
Hickory 
Peanuts 
Peanut butter 
Pecans 
Pistachios 
\\ ainuts, black 
Malnuts English 


AlLahne 

. ( + ) . < ’ r , ToUd | 
\ad (-) Cal 

or, a 


79 2 T 

02 10 nuts 

09 12 nuts 

83 16 nuts, skin removed 

104 1 T 

103 12 meats 

87 He 
93 12 meats 

97 I 12 meats 


Miscellaneous Foods 


Apple Pie 

Chocolate, sweetened 

Chocolate unsweetened 

Cocoa 

Codin er oil 

Coffee* 

Corn oil 
Com syrup 
Cottonseed oil 
Honey 

Ketchup tomato 
Lard 

Maple syrup 

Marmalade orange 

Molasses 

Olive oil 

Pickles 

Potato chips 

Succotash 

Sugar 

Granulated (sucrose) 
Tea* 

Yeast fresh 
\east dried brewers 


1 1 c infusion 
1 T 
1 T 
1 T 
1 T 


99 IT 
24 1 4 small 
97 I 8-10 large pieces 
94 \H c 


1 c infusion 
1 cake 
1 T 


* The infusion has little food value except for added sugar and cream The atiaJ 

figures apply to dried coffee bean and dried tea leav es. . _ p un c 

t These foods are alkaline but because of substances in them which give rise to ' 
acid in the body they increase the acidity of the unne (see p 1097) , eD t ** 

* Ripe olives are soaked in alkali during their manufacture and tbo alkaline con 
apt to be high. 
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V. MAINTENANCE OF ANIMALS FOR NUTRITION 
EXPERIMENTS 

Introduction. Laboratory animals should be hotted m u ell \enti 
lated rooms free from dr lfts in order to nv old colds or e during 

of finely dlv.ded dietary dust Rooms should be d.dusdy j.ght^ dunng 
the day and darkened at night, the alternating perio s S 
ness being regular from day to day Exposure of rats (or chicks) todrecj 
sunlight, even though filtered through window glass, must be avmd 
m vitamin D assay work Rats are nocturnal 

noise or activity dunng the day interferes w ith t leir t w here 

Ur conditioning of rooms is desirable but not cssentaal , 
extreme temperatures would otherwise wear ^he sbould be made 

tal temperature for small animals is -4 ± - i linir 0 f walls 

for screening windows and for frequent .aslung “ d 

and floors, which should be scaled against \crmm u p ,jK ucg should be 

Funs vnd Roxci.es If the room can be Sj 

thoroughly with a potent coinmercialinseci ®“ lbut<Alde Seal 

py rethrum, “ lethane, DDT, mcthoxych • PP before returmng 
room for several hours or overnight Air tnorouyuy 

ammals i r nm the room apply the insecticide 

If animals cannot bo removed fr °” .especially in corners, cracks, 
by means of a soft brush to walls and fl ( P t cages themse j vcs 
and seams), cage racks, and other eq- rnp ' nt P mth a 5 per cent solu- 

BEDnuos Pamt walls, crevaces and q ^ P suffice to eradicate a 

tion of DDT m kerosene One application may 

severe infestation, if not, re P ea , t , attara p' "other day Paper rolls or thick 

Excreta should be removed at least _ bottom cages facilitate this 

lajers of newspaper under racks of r are preferred These 

operation Hot tin-dipped S aha “ aa ... 0 depending upon the number of 
should be cleaned once ev ery w eek o scnlb bed in hot soap solu- 

occupants per cage Cages should “ P solutIO n and finally nnsed 
tion or soaked in hot tnsodium ph p 

thoroughly in hot, then cold water are the annuals par 

Rats *> Selectively bred albino or picua 

~ • _ », theuseof an electric power >=pra> 

*® Hand spraying is not nearl> as e ufficlcnt concentration of active pjrethrins 

11 Manj insecticidal spraja contain ir un iol Corporation Long Island Cit> N i 

'ery effective product is Fumol luadebj n | n , n i, and their use m experimental work 

« For handbooks on the care of laboratoo Bcrlm Springer 1926 Pittenger 

WHaberland Die opwlatTah ..1 Coiopo-l WS Munch Bu,n..si,. 

Biologtc Assays 2d ed Phdadelplna ^ ^ 0 f Biological Issayir £7 Philadelphia 

Baltimore The Williams ^ J ■Akm “JL a Small Rat Colony St Louis C \ Mosby 

J B lappmeott Co 193. Laboratory Instigation 2nd cd Fhiladelplua 

Co 1939 Farris and Griffith rA * B< £ ~ re anJBrccdu a of Laboratory 4» tmnfs Now \ork 
1 B Lippincott Co 1949 Fams The ^arcana 

•> Wilej A. Sons Inc. 19o0 Brccd .„ 0 and Care of the llbi no Rat Philadelphia 

See also Grec iman and Duhnng data lna> be found in DonaltLon The Rat 

H istar Institute 1931 Extei siv e bioi et i Laboratory Va lual of the iuaiomg 

2d ed Philadelphia W i&tar Institute 
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excellence for nutrition experiments • Black rati are of couw 
able for study of achromotnchia although white rats dove p tbor 

described as “rusting,” comparable to graying of black . f , b 

dietary habits rats, like man, are omincorous lhclr PJ n an 

(see Fig 201) extends over approximately 300 days and th " ” 30 

» about three years Thus they Inc through their eye k at ab»u ■ 
times the rate of the human species, lion lx er, compared u ith other p 



Fio 294 Normal Growth Coeves of Male Af.o 
Female Albiso Hats •* 

Food Research Labors tone* Breed ng Colony 

the rate of prepubertal growth of man is slower Rats multiply rapidfr 
and the large litters which they produce permit of a high degree of exp ^ 
mental control Ihey require but little food and are hence economics ^ 
use For studies of certain nutritional deficiencies to which the ra 
immune, notably scurvy, other species of animals must be empm> 
Variation in species requirements (rat vs chick) w as partly responsible ^ 
the discovery of the multiple nature of vitamin D and of the vitamm 
complex , 

Rats attain sexual maturity at about 7 o days but should not be B> a 
for breeding purposes until about 100 days of age One male ® a > 

of the Rat New York The Macmillan Co 192o See also Howell Anatomy of 
Rat Baltimore The Wilhaos A Wilkins Co lJ2f and especially Greene Anato v 
the Rat Ihiladelphia Amer can 1 hilosopl ical Soc ety 193o . oD 

•’ For un form results in vitamin assay work an mala si ould be bred and reare ^ 
stock diets of constant composition preferably under the direct control of the ass®> 

** These cure es are baaed on 1940 data. Currently (1954) average weights are 20- 
higher from about 16 weeks j Qg 

A linear transformation of tl e normal growth curve can be effected by plotting th « 3 y 
weight is reciprocal of the age according to the method of Zucker et al (Zocker 
Young and Zucker J \utrUum 22 123 (1941) Zuckcr and Zucker J Gen te5 

445 (1942) Gray and Addis Am. J Phynol 153 3 o (1948)) This procedure m® 11 a 
comparison ol growth data since it permits express on of the responses in terms of the 
of the line and tl e extrapolated asj mptotic (theoretical maximum) we ght 
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caged with as many as three females at one time Prcgnmit females shouW 
be isolated before Utters are east, mile s only one ^ 

cage with the male llic gestation period «• about -2 days The _y°ung a 
usuillj weaned when three to four weeks old ie n nro tect the 

litter exceeds 8, it should be reduced to that mimbe * ^ iwtact tto 
mother and at the «ame time produce sturdier ra s , jd d paper 

wire-mesh cages, the mesh should be less than la inch and shredded paper 
or cellophane should be furnished for bedding or nes in 0 

OGQQ ©GGQ 0 O 

0 1234 56 7 89 

1,0 2Jo SciltMS roll \UMSRIC\S I AnUAnKINQ OF ReTS 


MEril 

su^ ft I . Es; liTffi,— s; 

Wvr si ‘ 


Fig 296 hmuDOU- Breeding Cage for Rats 
_ rpmtu -ible partition double lid positive 

With Hendryx water fountains re b u J m „„d back are constructed 
action catch and sliding traj The Ironi 

of a continuous sheet of Wire inesh Laboratories Inc bj Norwich Wire 

Constructed to specifications of Food It 

tlorks Norwich NY , . 

Rats may be marked by staining the ’earmarking 
blue or prcnc acid) by means of an : e ^ v sha ped notches 

by means of combinations of nine typ nermanentlv over a range 

or holes) in both ears thus numbering them permanently over a g 

from 0 to 99 (Fig 29o ) small colonies the cage illustrated 

For breeding and stock pmpojs racks of suspended 

Fig 296 may be employ These may be equipped to carry 

drawer type cages are most suitable er T ro ]ls for the collection 

outside water bottles and to pro' i P P stamloas _ bteel trajs and 
and removal of excreta (see -big ^ llu *» 

“ Keeler Science 12, 20o (19-40) 



Fig 297 Battery or Rat Cages or the Suspension Type. 

Manufacture*! by Nor»ich Wire Work# Norwich, V Y 



Fig 298 Individual Rat Cage, or All-I\ibe 

CONSTRICTION 

Vi vth llcndryx water fountain posilit e action 
catch Nonscattcr feed cup made of 4-oz oint- 
ment jar with plastic cover perforated with 
1*4 hole 

Cage constructed to rpeoficattona of Food Research 
Laboratories lac. by Nonneb W re Works Norateh, 
N Y teed eup suppbed by Armstrong Cork Co Lan- 
es* ter Pa. 
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FOOD RESEARCH LABORATORIES INC 

NEW YORK CITY 
VITAMIN □ ASSAY 



" .... | | I I ■ m Imlirr ( — 

p grszSiT#x 

disease S MJptr.tory d sordct rcctcd for Sc» ler 

valure F fr return. 

Pio 305 Exaupu: of Data Sheet foh Vitauu. Assat 

r,G 305 tAAiip . n referable When they are 

threk layers of newspaper --“^TeTaXred to md.vrdual cages 
ready for experiments the | h cages are of a n ware construction 

of the type illustrated in Fig -98 T B t tt They are casll> 

and have false bottoms to minimize access 

sterilized , . , be r e d m a nonscatter type of food cup 

Specially prepared diets =*““ accurate data on food consumption 
to permit the collection of mor ^ cap om tment jar with a 

Suitable for this purpose is a 3- or 4-oz sere, p 

' , . ,A„ ■Vr.rn-irh Wire Works Norwich New 

** Cages and accessories ma> be obtained ^ 1 or the A B Hendry* Co New 

Tort the Geo H. Wahmann Mffi Co 
Ha\ en Connecticnt- 
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Rats may be weighed on a spring b llance (Chatillon or Hanson), but 
for more exact work an Exact Weight or Toledo scale of 250- 500-, or 
1000-g capacity, scnsiti\e to 1 g should be used (See Figs 30- and 303) 
Ihese balances are also suitable for weighing food cups Records are kept 
of the weekly or senn weekly weighings on form sheets such as are illus- 
trated in Figs 301 and 305 A modified type of growth chart (Fig 30b) in 
which the time coordinates (abscissae) are divided into weeks and days 
has proved very useful , . , 

Breeding and Stock Diets. When rats are reared for purposes not 
requiring careful control of their nutrition, they may be e a mixe < ie 
consisting of clean table scraps, bread and milk, or dog biscuit supple- 
mented with, milk or fresh vegetables such as carrots or lettuce, once of 
twice a week Specially prepared rations for rats and other laboratory 
animals are available on the market and have prove qui e sa y 

Wived poultry rations (growing mash) or calf meal may also be used For 
careful nutritional research it is necessary to use a uniform sto ^ 
whose efficiency has been established through severe ge 
It a desirable that rats reared for investigations on ^ f£«UAtovito- 
mins be fed diets which limit or control their reserves of the vitamins in 
question 

1 Food Research Laboratories’ Rat Stock Diet» 


Whole wheat 32 B - c0 “P lBX m “ ture J 

fellow com 10 V.tamms m oil' 1 

Nonfat mUk solids 20 Cellulose powder 

Hjdrogcnated cottonseed oil 15 „ n 0 02 

" SkteAvaouun. dried, 0 VS 

’ieast (dned) 1 

“T ... ,i „„„„ nutritional quality as there is a great vana 

” The dog biscuits used should be of kn fiUDD orting normal growth Certain brands 
tion among them some being incapable e t s or mashes 

sucb r3tlons in the form of compressed 
** Ralston Purina Co St Louis s P . rata a „d mice and special chows for 

checkers and meal (Purina Labora' toi r > available through Rockland Farms 

Guinea pigs rabbits dogs etc ) Similar 

New City New York. _ . tj W -Bmf Chcm 53 49 (1922) 60 5 (1924)) 

11 Based originally on the Sherman 1 imDr o\e breeding results The present composi 
this diet has been modified several times with the Department of Agriculture data for 

bon brings it into reasonablj close agree to tbe distribution of the major categories 

U S food consumption particularly wi * products milk and dairy products) (Oser 

of foods (grains and cereals meat and meat p 
B L and M Oser Unpublished « ato > , 

'• Vitamin B-compIe« mixture lg 200 mu 


Thiamine 

Riboflavin 

Byridoxme 

Niacin 

Calcium pantothenate 
P'Aminobensoic acid 
Inositol 

n Vitamins in oil 1 g contains 


0 6 mg Choline chloride 

1 2 mg Liver concentrate 1 20 

0 4 mg Biotin 

5 0 mg Folic acid 

4 0 mg Cj anocobalamm 

2 5 mg Cellulose powder q s 


Vitamm A 
\ itatnm D 
a Tocopl crol 

Menadione 
Cottonseed oil q-s- 
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2 Bills Modification” of the 
Steenbock Stock Diet 


Yellow corn 
Dried whole milk 
Linseed oil meal 
Crude casein 
Alfalfa leaf meal 
Iodized table salt 
Calcium carbonate 


57 
25 
12 
3 7 
1 5 
0 4 
0 4 


3 A. D M A Breeder Diet 
Wheat meal (entire kernel) 33 0 

Yellow com meal (entire kernel) 34 0 
Whole milk powder 21 0 

Old process linseed oil meal 7 0 

Alfalfa leaf flour (green) 2 0 


Pork liver (vacuum dried) 

Calcium carbonate 
Sodium chloride 

Lettuce or spinach about 5 g 


2 0 
0 5 
0 5 
daily 


4 F K. L Vitamin -Restricted Diet” 


Wheat meal (entire kernel) 
Yellow com meal (entire kernel) 
WTiole milk powder 7 * 

Dried yeast 7 4 
Dried pork liver 
Dried alfalfa 
Calcium carbonate 
Sodium chloride 
Manganese sulfate 

Liver concentrate (Wilson 1 20) 


37 0 
37 0 
22 0 
1 0 
0 2 
2 0 
0 o 
0 5 
0 02 
0 1 



Fio 307 Exact Weight Scale fob Prep- 
aration of Experimental Diets 

Courtesy Underwood And Underwood, Inc 


Typical diets which have proved successful are shown on p 1373-4 Tb 
may be prepared by means of scales of the type illustrated in Fig 307 
Salt Mixtures Synthetic diet mixtures used in nutritional resear ^ 
on rats include special combinations of inorganic salts whose compos 10 


11 Bills Honeywell Vi inck and Nussmeier J Biol Chem 90 019 (1931) 1*° 
Peterson and fated bock J Biol Chtm St, 419 <1929) t#in jn 

n In nome laboratories a more highly restricted diet may be used with safety 
A work. For this purpose slum milk powder may be substituted lor whole milk powder 
I* Not irradiated or fortified with vitamin D 
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is based on the analysis of their milk 5 or urine Ihe original Osborne- 
Mendel and McCollum-Da\ is salt mixtures, given below, have been 
modified to include readily available commercial forms of the chemicals 
employed (see p 12G2) The modification of the Osborne-Mendel mixture 
b> Hawk and Oser includes salts which yield a similar stoichiometric 
mixture but, b> avoiding acids and caibonates, eliminates the need for 
evaporation and dehjdration 


Osbounf Mlmiel Salt Mixture 


CaCOi 

134 8 

AiCO, 

141 3 

MgCO, 

24 2 

\a,CO, 

34 2 


H«PO« 

103 2 

HC1 

53 4 

H«SO, 

9 2 

Citnc acid + IbO 

111 1 


Fe citrate l^HO 6 34 

NaF 0 062 

KAl (SO«)i 0 0245 

MnSO, 0 079 

xa 0 020 


All amounts are given in grams The acids are added carbonates 

and feme citrate, and stock solutions of the other sa t _ e 1S j ne( i at 
proper amount After ellencscence rs completed the ^ture rs dried at 
90” to 100” C and ground to a fine ponder These amounts of phosphono, 
hydrochloric and sulfuric acids are equivalent j 1 “ ' ' 

respectively, of the concentrated acids See also p 


Hawk Oser Salt Mixture No 3” 


Ca Citrate 4H,0 
Ca(H,P 04 ), H,0 

k,hpo 4 

kq 

NaCl 

CaCO, 

3 Mg CO, Mg(OH), 3H,0 
MgSO« anhydrous 
Fe NH, Citrate U S P 
CuSO* 5HjO 
NaP 

MnSO, 2H,0 

KAKSO,), 12H*0 

KI 


91 4l\ 
o 9S j 

0 7Gl 

1 07( 
0 54] 
0 24/ 

100 00 


308 2 
112 8 
218 7 
124 7 
77 0 
08 5 
3o 1 
38 3 


16 7 


1000 00 


Hubbell, Mendel, and Wakeuan 
Salt Mixture’ 8 


CaCO, 

MgCO, 

MgSO, 

NaCl 

KC1 

KHsPO, 

FePO, 4H,0 

ia 

MnSO, 

NaF 

AI,(SO«),K SO, 
CuSO, 


543 0 
2o 0 
16 0 
69 0 
112 0 
212 O 
20 o 
0 OS 

0 3o 

1 00 
0 17 
0 90 
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MiColllu Da\is Salt Mixture 
No 1&»« 


&TEENBOCK SALTS 40 M 


Ca lactate 

Ca(IIjPO«)jlIjO 

KtHPO* 

Nallil’O* H, O 
NaCl 

MgSO» (anlijdroua) 
I- 1“ citrate 


35 15 NaCl 
14 GO MgSO* 7H,0 
2o 78 \a,HPO« 12H,0 
9 38 KtHPO, 

4 G7 CallPO, 2H,0 
7 19 Ca(C,IItO,), oIIjO 
3 19 Fe(CiHiOj)* GII,0 
KI 


233 6 
246 0 
358 0 
G96 0 
G98 0 
1d4 0 
d9 8 
1 6 


Guinea Pigs (Cavies). The most suitable guinea pig for nutnt ' 
work is the English short smooth-haired variety, whose manifold colon b 
facilitates identification Not all pure white guinea pigs are albinos si 
they may have dark-colored instead of pink eyes , , 

Guinea pigs must be housed away from drafts in dry cages, pre er 
with false bottoms although beds of sawdust or shavings are satisfac O 
Dry hay should be provided at all times They are herbivorous an m 
he fed clean hay and grain (oat meal, bran, wheat middlings, etc ) sU PP 
mented with fresh vegetables (carrots, beets, alfalfa, lettuce, celery, e 
Moist vegetables must be sound and wholesome because guinea pig* ' ^ 
reject spoiled food Diets containing fats (e g , codhver oil) must no 
fed when rancid The addition of dned yeast to the grain mixture ^ 
frequently desirable Specially prepared diet mixtures for guinea pig* a 
available commercial^ 11 Water should be fed sparingly when fre* 
vegetables arc supplied . 

Most investigators purchase guinea pigs on the market, smce ,V 1 v )e 
nutritional history is seldom of importance However, they should 
purcliased from a reputable breeder” since they are prone to carry P 
monarj and other infections when raised or shipped under adverse c 0 
ditions Guinea pigs breed about once every three or four months, 
gestation period being from 65 to 70 days Mating should conuncnc 
not before the age of three months The lactation period should 1^ 
about two to three weeks 

"White Mice. The white mouse has been emploj cd w ith some success in 
studies m nutrition 11 Advantages of the mouse include a smaller 100 ° 
requirement, more rapid growth, and frequency of reproduction I* 1 
dietary needs of the mouse are htmilar to those of the rat although a sonic' 
what higher protein content is recommended , 

Advantages of the rat over the mouse for nutritional work inch 1 ® 
the fact that the rat has been more extensi\cl> studied, thus affording 
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more norms for comparison, also it is hardier than the mouse, and thus 
not so prone to contract minor illnesses or to be adversely influenced by 
changes m temperature, etc . , , 

It bus been claimed that mice require vitamin C for normal develop- 

Do£s. si The feeding of a purcl> “synthetic” food mixture for long 
penods, in metabolism tests using dogs as experimental animals, is a pro- 
cedure for the successful accomplishment of winch investigators m metab- 
olism have long striven It remained for Cow gill to so ve is P 
problem in dietary technique Ills work was an extension o 
h\ Karr ^ _ 

The principles upon which the procedure is based are that . thediet con- 
sist of a mixture of isolated food substances which supp y , . 

all factors necessary for proper nutrition, except a single ieteV factor, 
and that the variable nutritive factor shall be administered apa t 1 rom 
the diet mixture 111 this discussion vitamin B (complex) regarde 
thii \anable nutrition factor , , . . .. . lofS 7 ehnnld onn- 

In a test where \itamin B is the \anable |ac - o , J rate ** and fat 90 
jam (1) profcm, proper in kind andarnoun - (-) J klIld and 
to furmsh satisfactory energj , (3) mineral sa , p f 

ifttTSFsJrt 1 ww, ““ d at Y “' e D “ ,er 

sitj for periods of fi\e months and o\er with exce 

"Karr J Biol Chan 44 2oo (1920) . of body weight basis or form what 

” Calculation of the Diet Construct the diet on s . require for the maintenance 
might be called a kilo unit of food Dogs weighing t kg gQ Ca i orie3 permits rnain 

of body weight between 70 and SO Calories per £ pe m growing dogs Dogs 

tcnancc in adult animals and allows a slight mere orB i n ergy intake in order to main 

weighing considerably less than 7 kg require s ig y ( , .Hate the choice of SO Calones as 

tain their body weight this fact however does . _ r rom this figure due to the size of the 

the kilo unit quantity Any variation in energy . sa j t nurt ure if hberal quantities 

animal will not seriously affect the intake oirn r g _ ^ eve ry kilo unit of food 

such as 0 S g N and at least 0 2 g salt nnxt original paper 

For further discussion of the basis for this die Valentine Meat Juice Co Richmond 
“This naj be ™<v. olr octal ">«■ 1 

* a ) or commercial coag lated egg albumin t' „ s tarch or dextrin make the diet 

*> Sic™* u a desirable source ot carbohjdrale P«r> smtaH e 

»oo pasts wbea moistened bs saliva W1 ole cereals however 
”See footnote 92 p 137S Allowing •uilt mixtures 

“ CowgiU suggests the use of one of the following 


S\lt Mixture (hiRB 1920) 

NaCl 10 2 

Ca lactate 4 g 

^8 citrate e 

Fo citrate 1 f 

Iodine in KI (Lugol s solution) 3 drop4> 


Svlt Mixture (Cowgill) 


NaCl 

Mg citrate 

KHiP°« t ^ 
CaHPO. 211 tO 
KC1 

Fe citrate 
KI 


3S 0 
32 5 
12 2 
7 8 
7 0 
1 S 
0 5 


_ source of phosphate on the basis of 0 2 

Karr s salt mixture when fed with bone as successful results during penods 

f oodOlE. respective^ per kdo uurt o! lood baa giv 

lasting over five months , . , lse( i as a source of roughage Cowgill ssalt 

Khere 0 4 g of agar agar per kdo unit of food It is supposed to furnish 

*ntxture may be u*ed on the basis of ° * * 1 .*7 a equal to or sligl tly m excess of that 

the dog the various essential inorgam dun ig 24 hours tl ese amounts being 

eliminated through tl e kidney by a ao r r ^ t f “fJX “ eig ht per day 0 3 g of this mixture 
expressed in terms of g eliminated per kilo oi ^ 
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amount, (4) sufficient vitamin A , 9t (5) roughage,** and (6) water 8 The 
energy requirement as shown in the table of the “kilo unit" below is 
somewhat high for dogs whose activity is restricted, e g , m metabolism 
cages In such cases it is advisable to reduce the calories to 60-70 per kg 
body weight by substituting sucrose for lard The vitamin B (the variable 


hiLO Unit of Casein Food* 



Amount 

Calories 

Percentage 


g 


37 6 

Casein (81 9 per cent pure, 12 7 per cent N ) 

6 3 

20 8 

Sucrose 

5 84 

23 4 

34 9 

Lard 

2 83 

2o 5 

n "Ini 0 

Buttcrfat 

1 17 

10 5 

7 0/ 

Bone ash 1 

0 40 


2 3 

Salt mixture t 

0 20 


1 2 __ 

Totals 

16 74 

80 2 

JOO 0 


* T1 is Vilo unit contains 80 calorics 45 per cent of which are furnished by fat and ® ® ® 
of nitrogen 

t See footnote 91 p 1377 


factor) should be fed separately from the rest of the diet, in the form of dried 
Hast (about 0 4 g per ktlo untl of food) or preferably a synthetic vitamin 
mixture, or the \anous components of the vitamin B complex maj be 
fed as separate supplements hzeessne amounts of sugar in the diet of 
dogs will cause diarrhea, hence cereals (but not pure starch) arc bett® 1 ' 
sources of carboh> dratc It has been claimed that meat is an indispensable 
article of diet in tests on dogs As a matter of fact, meat in the feeding ot 
dogs is not essential if the diet is adequate with respect to protein and 
other nutrients 

Cow gill b work shows that “ monotony of diet 13 not per se the cause of 
failure of appetite loss of the desire to eat is rather an expression cither (1) 
of the failure of the food being fed to nourish the animal properl>, or (-) 
of an adjustment of the dog to its energy requirement when offered more 
than is necessary of a food mixture that is adequate in all respects " 
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VI. ANALYSIS OF VARIANCE 85 


2 able 1 


Analysis ot 
Sample Vitamin \ Concentrate 
Number of groups 4 (2 assa> 
and 2 reference) 


Vauiancl ( \ssa\ No 34005) 

\ssaj level 217 200 U S P u /g 
Number of rats per group (V) 9 males 



St 

s t 

f/. 

Vt 

Dose (mg ) 

0 88 (1 5 u ) 

I 47 (2 5 u ) 

0 00691 ( ‘1 5 u ) 

0 01154 ( 2 5 u 1 ) 


28 Fi 

20 

24 

45 


31 Yt 

30 

49 

65 

27 

31 

22 

34 

20 

29 

13 

38 

27 


35 

37 

50 


30 

30 

45 


10 

34 

37 

36 

58 

32 


30 

35 

41 

26 

Totals 

Means 

2o8 (e) 

28 7 

350 (/) 

38 9 

238 ( g ) 

26 4 

389 (A) 

43 2 


Calculi of sums of 8<1 uaros ^ ^ m + 389)- , O^L 1 , 42367 36 


, (» + f + 0 ")< „ <22-- 

Rows X Columns 

Columns (between doses) 


9X4 

e t +p 4 - q!_ 

! ' Rows 

o «« u- 360' + 238- + 389- _ 


397 029 _ J2 31i7 30 _ 1746 97 
“ 9 

Total :^X3i>+39- : ‘°«'- c 

=, 47,791 - 42,307 36 

- 5423 64 = 5 i23 64 _ 174G 97 = 3676 67 


Experimental error 


, total - columns ■ 


— . , CI tal design for b oassa>3 For references 

u This is included to illustrate “^footnote 42 p 1130 
> important teat-boot* on b.omet™* 
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amount, (4) sufficient tttamm A, 91 (5) roughage, 91 and (6) water * The 
energy requirement as shown in the table of the “kilo unit" below is 
somewhat high for dogs whose activity is restricted, eg, m metabolism 
cages In such cases it is advisable to reduce the calones to 60-70 per i-g 
body weight by substituting sucrose for lard The vitamin B (the \an3 6 


Kilo Unit of Casein Food* 



Amount 

Calones 

Percentage 

Casein (81 9 per cent pure, 12 7 per cent \ ) 

g 

6 3 

20 8 

37 6 

Sucrose 

5 84 

23 4 


1-iril 

2 83 

2o 5 

' 7 °1 2 4 0 

llutterfat 

1 17 

10 5 

7 0/ 

Iionc ash 

0 40 


2 3 

Salt mixture! 

0 20 


1 2 

Totals 

16 74 

SO 2 

100 0 


* This kilo unit contain* 80 calorie* 4o per cent of which are furnished b> fat 0 8 *" 
of nitrojcen 

t See footnote 91 p 1377 


factor) should be fed separately from the rest of the diet, in the form of dried 
>east (about 0 4 g per kilo unit of food) or preferably a synthetic 
mixture, or the various components of the vitamin B complex ** 
fed as separate supplements Excessive amounts of sugar in the diet o 
dogs will cause diarrhea, hence cereals (but not pure starch) are better 
sources of carbohj dratc It has been claimed that meat is an indispensable 
article of diet in tests on dogs As a matter of fact, meat in the feeding 0 
dogs is not essential if the diet is adequate with respect to protein an 
other nutnents 

Cow gill’s work shows that “ monotony of diet is not per se the cause of 
failure of appetite loss of the desire to eat is rather an expression either (U 
of the failure of the food being fed to nourish the animal properlj , or w 
of an adjustment of the dog to its cntrgj requirement when offered mo fC 
than w nettvao of a food mixture that is adequate m all respects ’ 
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VI. ANALYSIS OF VARIANCE * 1 

Table 1 

Analysis or Variance (Asad No 34005) 

Sample Vitamin A Concentrate mta’per group OT 9 males 

Number of groups 4 (2 assaj 1>u 

and 2 reference) 



Calculation of sums of squares 


- <« +/ + 9 


-t. IMS + 3a0 + 238 + W - - 42367 36 

— “ 9X4 00 


9 X 
* + J* + g ! 


Rows X Columns 

t 

Columns (between doses) - Rows 

OE,S* + 3*0* + 2381 + 3S - - C 


397,029 _ 


42, 


367 36 = 1746 97 


Experimental error 


Total = Y\ + Y\ Yl ~ C _ c 
= 23* + 31* + 36* 26 ° 

- 47,791 - 42,367 36 

“ 5 “ 304 c„.umm,- 5423 64 - 1746 97 - 3676 67 


= total - 


„.„1 lor b,o«A,aia Forr.ter.no. 

•iThe, u mcludedtoJlu.trAteau~im«Agiu , rtsj2 p u30 

to important text books on biometr 
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Practical Physiological Chemistry 
Table 2 

Factorial Analysis of Variance between Doses 


Vanatton* 

factorial Coefficient* (r) 

Diwaor 

Sum of 
Prod- 

Variance 

1 (S-zVp)* 

! A Ax 1 

| 

Due lo 

Si 

s t 

Ui 

u t 

\ lx s 

uct* 

ZzYp 

Difference be- 
ta ccn samples 

-1 

\ -1 

+1 

+ 1 

3G* 

+ 19| 

10 03 { ■= D* 

3 17 =■ D 

Slope of dose re- 
sponse curt e 

-1 

+l 

- l 

+1 

3G 

+243 ! 

1G40 25 - B* 
40 50 = B 

Departure from 
parallelism 

+1 

-1 

-l 

+ 1 ' 

3G 

+59 


Total (Kp) 

258 (e) 

350 (/) 

238 (g) 

389 (h) 






Aote D and B take the signs of the buinB of Products from which they are derived 
*9 ((-«» + <~1)* + (+1)* + l + D*) - 3G 
t (-1)258 + (-1)350 + (+1)238 + (+1)389 - 19 

tiiSL* 


Table 3 


Analysis of Variance 


Vdnafiona Due to 

Degree* of 
Freedom 
(DF) 

Sum of 
Squares 
(SS) 

Mean 
Square 
(SS - DF 
= VS) 

Variance 
Ratio 
(MS - a* 
= F) 

Signifi- 
cant F* 

Difference between samples 

1 

10 03 

10 03 

0 00 

4 15 

Slope of dose-response curve 

1 

1&40 25 

1G40 25 

14 28 

* 15 

Departure from parallelism 

1 

00 G9 i 

95 69 

0 81 

4 15 

Experimental error 

32 

<j7 

U4 2ft (**> 

\ 


Total 

35 

5423 G4 



j — 


« = Vli490 = 10 72 

* F *°“ ^nedecor Stoltrlical MeUuxU Applied to Ezpennuntt tn Agriculture and ButUXIV’ 
4th ed Ames Iowa Collegiate Press 194G p 224 See also footnote 42 p 1130 



Appendix VI 


1381 


Tabic 4 

Calculatiov or Lstimat* or Potency 


M 


potency of U _ BID 
potency of 5 B 


K * 
I = 

D . 
B • 


. 1 (tor tno-dosc assa>3, for ll>rcc-<loso ■rssajs K - 1 035) 

. I™, !HEH a ° ” _ log 1 007 = 0 2219 
b small dose 

= 40 5o} froln tactoml anal > sa (TaWc 2 ' on p ,3 ‘ 9> 


1 X 02219 X 3 17 _ nnm 
" 40 50 

Log estimated potency of sample (tP) = log of aisumcl potency of sample (AP) +M 
Log (AP) = log 217,200 - 5 3309 
M - 0 0174 

antilog' 5 3513 - 22^100 - Estimated potencj "t sample m '“° mm A 
units per gram 


Table o 

Calculation of Eiuioii of Estimate 

r KIVB'+D' 

Sn =■ log standard error = #1 


where 

s = standard deviation of assaj = 10 72 
K = 1 
7 = 0 2219 

O' - 16 “ 03} frora , “ tor “ J an “ Iys,i ' <TaWe 2 ' “ b ° ve) 

10 72 X 1 X 0 2219 X V1G5028 = Q 05S9 
Su ~ 1640 2o 

log ( EP ) ± Sir = log (limits of potency) 

5 3543 + 0 0589 = 5 4132 
5 3543 - 0 05S9 = 5 2954 
antilog 5 4132 = 259,000 
antilog 5 2954 = 197,400 
Difference ®= 61,600 


difference = 30,800 
Estimated potency and standard error 


Standard error as per cent of estimate 


= 226,100 ± 30,800 units 
■vitamin A per gram 
= 13 6 per cent 


of 
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i Table of Logarithms — ( Continued ) 


.YaJurai 

A’umbm 


53 

59 

00 

01 

02 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

SO 

81 

82 

83 

84 


0 

1 2 

7404 

412 74 

7 182 

490 74 

7559 

566 75 

7031 

642 70 

7709 

716 77 

77S2 

'7S9 77 

7853 

"S60 78 

7921 

"931 79 

7993 

S000 80 

8062 

S0G9 SO 

8129 

3136 81 

8195 

8202 82 

8261 

8267 82 

8325 

8331 S3 

S3SS 

8395 S 

8451 

8457 8 

S513 

S519S. 

8573 

8579 8, 

S633 

8639 8 

8692 

8698 8 

8751 

S756 8 

SSOS 

8314 Si 

886: 

SS71 S 

892 

8927 S 

897C 

8982 8 

903 

9036 9 

90S, 

9090 9 

913 

9143 9 

919 

9196 9 

924 

9248 9 

929 

9299 

934 

9350 

939 

6 9400 

944 

5 9450 

949 

4 9499 

954 

2 9547 

959 

0 9595 

963 

8 9643 

m 

5 96S9 

973 

1 9736 

97 

7 9782 

98 

>3 9827 

9S 

>8 9872 

99 

12 9917 

99 

56 9961 


127 

[7505' 

|75S2| 

65‘ 

731 

7803 

875 

915 

|S014 

S0S2 

8149 

8215 

,S2S0 

;B344 

[8407 

,84701 


"435 

[7513 

oS9 

'664 

77381 


413 

[7520 

'597 

|7672 

;7745 


78107818 


8710 


97S6 
9832 
987" 
9921 
99 05 


’8S2 

7052] 

S021 

;S0S9 

.8156! 

8222 

;S2S7 ! 

8351 

8414 

8470) 

853" 

i8597l 

8657, 

8716 


[8768 

,SS25 

:8S82 

|8938 

18993] 

904’ 

9101 

9154 

9206 

,9258 

[9309 

93G0 

19410 

,9460 

9509 


7451 

7528 

604 

679 

[7752 

7825 

S90 

796G 


SS9 
.’959 . 
S02S S035 
8096 8102 

SI 62 8169 
8228 8235 
8293 8299 
8357 S3 63 
'S420 8426 


7459 

17536 

'612 

0S6 

760 

S32 

903 

7973 

S041 

8109! 

3176 

8241 

|S30Gj 

.8370 

8432 


84S2 S4SS 
S543 8549 
8603 S609 
8663 S669 


■4 

8831 

8887 

8943 

8998 

9053 

9106 

9159 

9212 

9263 

9315 

9365 

9415 

9465 

9513 


8722 

8779 

|SS37 

8893 

S949 

9004 

905S 

9112 

9165 

9217 

9269 

9320 


87: 

8785 

SS42 

SS99 

S954 

9009 

90(53 

9117 

9170 


9222 9227 
9279 


9557 

9G05i 

.9652 

9699 

[9745 

[9791 

9S36 

9881 

,9926 

9969 


9420 

9469 

9518 


9562 

[9609 

9657 

9703 

[9750 

,9795 

9841 

9SS6 

9930 

9974 


95669571 


9614 

9661 

9708 

9754 

9SOO 

9845 

9S90 

9934 

9978 


[93709375 


9425 

947 

9523 


9713 

9759 


9S05 

9850 

9S94 

9939 


8494 

8555 

SC15 

8675 

8733 

8791 

8848 

8904 

S960 

9015 

9069 

9122 

9175 


7406 

7513 

019 

7694 

767 

[7839 
910 
7980 
SO IS 
8116 

8182 

S248 

S312 

8376 

8439 

8500 

S5G1 

8621 

S681 

8739 


|747J| 

5oI 

7627 

77011 

774 


9330 

9380 

9430 

9479 

952S 

9576 

9624 


9666 9671 
* 9717, 
9763 


8854 

8910 

S965 

9020 

9074 

912S 

91SO 

9232 

92S4 

9335 

)3S5 

9435 

9484 

9533 

9581 

9628 

9675 

-22 

9768 


,9S09 

9854 

9S99 

,9943 


9814 
9S59 
9903 
9948 
; 9987 9991 1 


Proportional Parts 


1 

2 

3 

4 

5 

6 

7 

8 

1 

2 

2 

3 

4 

5 

5 

G 

1 

o 

2 

3 

4 

5 

5 

6 

1 

o 

o 

3 

4 

5 

5 

6 

1 

1 

2 

3 

4 

4 

5 

G 

1 

1 

2 

3 

4 

4 

a 

6 

1 

1 

2 

3 

4 

4 

5 

6 


1 

9 

3 

4 

4 

5 

6 


1 

2 

3 

3 

1 

5 

6 

1 

1 

2 

3 

3 

4 

5 

5 

1 

1 

2 

3 

3 

4 

b 

5 

I 

1 

2 

3 

3 

4 

5 

5 


1 

2 

3 

3 

4 

b 

5 


1 

2 

3 

3 

4 

b 

5 


1 

2 

3 

3 

4 

4 

5 

1 

1 

2 

2 

3 

4 

4 

5 


1 

2 

2 

3 

4 

4 

5 


1 

2 

2 

3 

4 

4 

b 



2 

2 

3 

4 

4 

b 


1 

2 

2 

3 

4 

4 

b 

1 

1 

2 

2 

3 

4 

4 

b 



2 

2 

3 

3 

4 

5 


1 

2 

2 

3 

3 

4 

5 


1 

2 

2 

3 

3 

4 

4 


1 

2 

2 

3 

3 

4 

4 

1 

1 

2 

2 

3 

3 

4 

4 


1 

2 

2 

3 

3 

4 

4 


1 

2 

2 

3 

3 

4 

4 


1 

2 

2 

3 

3 

4 

4 


1 

2 

2 

3 

3 

4 

4 

1 

1 

2 

2 

3 

3 

4 

4 


1 

2 

2 

3 

3 

4 

4 



2 

2 

3 

3 

4 

4 


1 

1 

2 

2 

3 

3 

4 

0 

L 

1 

2 

2 

3 

3 

4 

0 

1 

1 

2 

2 

3 

3 

4 


1 

1 

2 

2 

3 

3 

4 

0 

1 

1 

2 

2 

3 

3 

4 


1 

1 

2 

2 

3 

3 

4 



1 

2 

2 

3 

3 

4 

0 

1 

1 

2 

2 

3 

3 

4 

0 

1 

l 

2 

2 

3 

3 

4 

1 0 


1 

2 

2 

3 

3 

4 



1 

2 

2 

3 

3 

4 



1 

2 

2 

3 

3 

4 

6 0 

1 

1 

2 

2 

3 

3 

3 



1388 


Inuex 


uarni, 109 2 1165. 1195, 1203 
clinical aspect* 1195 
iron-deficiency, 1032 
milk, demonstration, 1103 
sad pellagra, 1165 
pernicious, 1185, 120$ 
and ptero) Iglutauue arid, 1195 

vane ties, Ilj5 

anesthesia, magnesium. 1092 
a aeann (*f* thixcuae) 
angiotonaae 77$ 
angii/tnuin. 778 

a mime, determination, 145 
animal body, competition. 1077 
anitmJ calorimetry. 742 
animal protein tarter, 1KI7 
ammals breeding and stock dicta. 1373 , 
maintenance and care of, 1265-1378 
anion* plaama. 1084 
anisic acid. 444 


A_Q CC , chick unit. nUnifl D, 1260 
method, for pantothenic and, I {>2 
for thiamine, 1117 
apst.tr structure of bone, 250 
apuenayir.ee. 477 
apoerytfceio. 361. 361 
appeUte juice. 377 

art ban. 93 

arsbiaoar, 55, 58 70. 91, 92 
in urine. 845 

o-araboa*eorbie acid, 1232 
arachidic acid. 'Si 
arachidntue acid. 100. 1004 
argmas*. 125. 117. 1M. 193. 30C. 790. 1038-1039. 
1095 

arginine, 118, 147, 809 

anti metabolites, 1303-1304 
in creatine formation. 799. 800 
decar box) la lion 11 SO 
determination 224 2063 
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ascorbic acid — (Continued) 
unne, 1235 
D-saeorbic acid, 1231 
ascorbic reductase. 1229 
ash content of foods, 133G-1358 
milk, 220 
tissues, 1078 

asparagine, 119. 145, 1030 
upartio acid, 117, 144, 990, 1030 
chemistry, 141 
determination, 124 
microbiological method, 1003 
metabolism. 1030 
and purine synthesis, 208-209 
urea synthesis, 1039 
in unne, S09. 897 

Atkin. Schults, Williams. Frey method, for 
vitamin Hi, 1185 

atmospheric air, composition, 730 
atomic pile. 972 
atomic number, 970 
atomic weights, table, 1383 
ATP (*<* adenosinctnphospbate) 

Atwater-Bcrthelot bomb calorimeter, 1050 
Atwater- Rosa- Benedict respiration calorimeter. 

712 

kub and DuBois standards. 730 

kureomy cm (ie< chlortetracy cbne) 

automatic regulation of gostno acidity, 378 

avidin, 1204, 1309 

avitaminosis, 1105 

kvogadro a law, 725 

axerophthol (res v itamin A) 

ande inhibition of enzymes. 319 

arobihrubin, 414, 592, 594 

azorubm (res azobibrubin) 

B 

Babcock fat method. 230-237 
Babcock tube, 237 

Bachman and Pettit method, for estrogens in 
unne, 760 
bacitracin, 1316 
baetenn in fecea, 450 
bacteriophage, 200 

baking powder, alum versus tartrate, 1097 

BAB (in 2 3-dimercaptopropanol) 
balance, metabolic, preparation, 1056 
Ban thine for ulcer, 360 

Barcroft- Warburg apparatus (»«« Warburg ap- 
paratus) 

Barfoed solution, 1322 
test, for monosaccharides, 67 
Tauber and Kleiner modification, 87 
Barker-Summerson method, for blood lactic 
acid. 622 

^srometnc pressure, correction factors. 697 
j**ryta mixture. 1322 
“asal metabolic rate, 732, 739, 740, 745 
basal metabolism 733-746 
clinical interpretation, 734 
normal standards, 736 
base fixed, unne, 9a9 
determination 9oS 
base-foruang foods. 1097, 1099. 1357 


base-forming foods — (Continued) 

effect on hydrogen-ion concentration of unne, 
1099 

bases, concentrated, normality, 1335 
per cent by weight. 1335 
specific gravity , 1335 
basic lead acetate solution, 1322 
Bausch and Lomb photoelectric colorimeter, 528 
bay berry tallow, saponification. 107 
Beckman flame photometer, 531 
glass-electrode apparatus, 49 
photoelectric spectrophotometer. 531-532 
Beer’s law, 505, 515. 516, 517. 519, 531-532 
experiments, 538-539 
beeswax, 106 
behemc acid, 99 

Behrc method, for acetone bodies m urine, 935 
Behre salicylic aldehyde test for acetone bodies 
840 

Bencc-Joncs protein, 828, 831, 832, 833 

amino acid composition, 122 
Benedict and Franho method, for determination of 
unc acid in urine. 905 
Benedict, method, for glucose in blood, 570 
for glucose m unne. 919 
for total sulfur, 948 

modification of Hopkins Cole reagent, 1327 
pic rate method for sugar in urine, 923 
respiration calorimeter. 742 
solution, qualitative, 1322 
quantitative, 1323 
sulfur reagent, 1323 
test, for reducing sugars. 66 
for sugar in unne, 826 

Benedict-Newton procedure for precipitating 
blood proteins, 562 

Benedict- Roth respiration apparatus, 743 
benzidine reaction (Tauber) for pentoses, 76, 845 
test for blood, 484, 834, 835 
benzoic acid. 439, 440. 804. 843 
benzoylcholine, 29S 
benzoy lglucuromc acid, 441 
benzylpemcillin (see penicillin G) 

Bergeim’s method for studying calcium and phos- 
phate utilization, 434 
ben ben, 1104, 1133—1134 
Berthelot-Atwater bomb calonmeter, 1050 
berylh urQ nckets, 252, 1091 
Beasey method, for ascorbic acid, 1235 
beta particles, 972 
betaine, 1029, 1030, 1107, 1221 
Bial, reagent, 1323 
test for pentoses, 845 
bicarbonate, plasma, 699, 701. 1084 
determination of, 698 
m unne, 821 
bile. 403-419 

acids, 409-414, 416 

in liver disease, 422 ' 

test, 416, 847 
in unne, 837 
action on lipase, 398, 401 
composition, 403—110 
detection in gastric juice, 391 
expenmenta, 415 
functions, 403. 409 



. .VJU 


Index 


bile — (Continued) 
ligmtnts 411 414 

10 blood (srs blood serum bile pigments 
■ctenc index) 
in liter d 'ease 424 
testa 415 
in unne 836 837 
salts 2<yj 408 411 417 

act on on latty ac da and cholesterol 433 
isolation 417 
secret on 408 
in unne testa 836 837 
vitamin K absorption and 403 
biliary concret ona (ice calculi b liary) 
bdicyamn 414 
bibneunne (tee choline) 
bilirubin 4U-414 

in blood (see blood seruui b hrubm) 
in feces 447 

in bier disease 424 42a 427 
preparation 415 
In unne 8o4 8o3 
biUtcrdin 411-413 
in feces 447 

bdla mod fi cs Cion of Steenbock stock d et 1374 
bimolecular reaction, 313 
bioassay »nal>ais ol variance 1373 

bioc>tm 1206 

bioflavonoids 1241 1243 
chemistry 1242 1243 
clinical use 1242 
defic eney 1242 
determination, 1243 


formation from urea. "Ill 7113 
method foe protein 10 urine j 21 
P *l*r U23 
test. 171 172 

blackmail reaction. 5Q 


black s raect on for fi-l s drox} butyric acid 842 
Black a reagent 1323 
blanching of foods 1232 
blood 456-496 
acetaldeb j de 676 
acetone bodies 676 692 
acid base changes in 690 691 C92 
agglutination 181 468 486 
aluminum 676 

ammo acids clinical interpretation 667 
ammonia in liter disease 422 
methods 565-o67 
anal j sis 497-677 

determination, of albumin 602 

of alcohol microchemical method 673 

of amino acids 56^-507 

of ascorbic acid 1237 

of bile pigments oSO 

of bilirubin 593 

of bromaulfalem 598 

of calcium, 644-648 

of carbon dioxide 714 

of carotene 1127 

of cepbalin-choleaterol flocculation, 59" 
of cblonde 62o-629 
microchemical 672 
of cholesterol 680-o87 
of cholinesterase 638 
clotting time 490 
of creatine 5o8~559 
of creatinine S5o-oo8 
of fatty acids 587 

of fibrinogen, 602 


aeration metnotis, 001 
riueroe be aural. 671 

of one acid 5u9-u65 
of vitamin A 1127 
drawing blood tor 540 

(or nucroebenucal methods. 675 


!k 
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blood — (Continued) 
a n al j ais — (Conltn n#d) 

general procedure*, 540-543 
measurement of sample, 542 
nucrochcmical methods, 662-676 
preparation of protein-free filtrate. 543-545 
of scrum for analj sis. 542 
Van den Ucrgh test. 5142 
anticoagulants, 540-542 
ascorbic acid, 1235 
benzidine test, 434 
bicarbonate content, CS7 
bromides, C70 
buffers, 083 

calcium, clinical interpretation, 645 
methods 644-648 
carlxm dioxide carriers, 688 
tension, GS7 

carbon monoxide determination, 495, 700, 719 
carotenoids, 1123 
cell volume, 53, 467 
chloride shift, 68G 
chlorides, methods, 625-629 
clinical interpretation, 026 
cholesterol, clinical interpretation, 534 
and liver disease, 421, 427 
methods, 580-587 

cholinesterase, clinical interpretation, 641 
methods, 038 
coagulation, 476-480 
experiments, 490 
and liter disease, 424 

composition in health and disease, 456—157 
creatine, clinical interpretation, 559 
methods, 558 

creatinine, clinical interpretation, 557-558 
methods, 555-558 
detection, m feces, 453 
in gastric contents, 391 
of stam3, 495-490 
in urine, 834-835 
ergothioneme. 676 
eth>l alcohol, 676 

microchemical method, 673 
experiments, 482-496 
fat, 587 

fatty acids, clinical interpretation, 589 
methods, 587-589 
feces. 449 

fibrinogen (see blood, plasma fibrinogen) 
in gastric contents, 391 
glucose, 567-568, 767. 998 
clinical interpretation, 570 
effect of diet, 1068 
methods, 567-579 
gluthathione, 676 
bemochxomogen test, 484 
hemoglobin (sse hemoglobin) 
hexosephosphate, 634 
hydrogen-ion concentration, 689-690 
methods. 699-704 
ictcnc index, 590 

immunological determination of Species. 4 
indican. 676 
iodine 1095 
protein bound. 681—662 


blood — (Continued) 
lodin e — (Confin ucd) 

protein bound — (Continued) 
clinical interpretation, 062 
method. 601 

iron, clinical interpretation, 656 
methods. 653-657 

lactic acid, clinical interpretation. 624 
methods, 622-625 
lecithin, 589, 590 
leubocj tea in, 475 

lipide phosphorus, clinical interpretation, 590 
methods, 589 

lipides and liver disease. 421 
magnesium, clinical interpretation. 649 
methods. 648 

mano metric methods for analj sis. 709-721 
medicolegal tests. 480-481 

metheinoglobin. clinical interpretation. 6-1 

methods. 619. 719 
microscopic exanunation. 480. 482 
nonprotein nitrogen, clinical interpretation. 547 
methods. 545-548 
normal values human, 456-457 
occult, 391 

osmotic pressure, 467-468, 10S5 
ox) gen in, methods, 705, 716 
phenols. 676 

pbosphohp.de*. 587. 589. 590 
phosphorus, ehn.cal interpretation. 632-634 
methods. 630-635 

bicarbonate, clinical interpretation, 699, 701 
method, 698 

carbon dioxide capacity, clinical interpret- 
tion, 697, 701 

methods, 693, 716 ■ 

composition, 456, 457 
electrolyte distribution, 1034 
experiments. 489 

fibnnogen, 457-458, 459 
clinical interpretation, 604 
methods. 602 

bydrogen-ion concentration, 699, 703 
osmotic pressure. 466. 1085 
proteins, 457—167 

clinical significance 604 
electrophoretic patterns, 462 
experiments. 489 
fractionation, 459-464 
electrophoresis. 461-464 
paper electrophoresis. 184, 464 
functions, 465-466 
methods, 601-610 
origin. 464 
prothrombin. 477 
platelets. 479 

potassium, clinical interpretation. 65o 
methods. 632-655 
precipitin test. 481 
preparation for analj sis, 540-543 
proteins. 457—467 

clinical interpretation, G01 
determination, 601 

precipitation. 543 
red cells, 467-469 
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blood — (Conlinued) 
serum 457 489 
albumin 4-8 459 

amino acid composition 122 
clinical interpretation, 604 

methods 602-607 

bile pigment clinical interpretation 591 592 
591 

methods 590-595 

bilirubin cl meal interpretation 594 
methods 593 

calcium (to blood calcium) 
cephal n-cholesterol flocculation clinical in 
terpretat on 598 
method 597 
globulins 458-459 

ammo acid composition 122 
ebmcal interpretation 604 
methods 602 607 

icteric index clinical interpretation 591 
methods 5J0 
■norgan c corapoait on 4J9 
ms goes um («<« blood magnesium) 
phosphatase acid cl meal i uteri rotation 
63$ 

method 638 

alkal ne cl n cal interpretation C37 
method 630 

potassium (set l lood potass um) 

preparst on of 489 

tod um (ms 1 lood sodium) 

•ulfste cl nictl interpretation 643 
method 642 

thymol turt id ty and floceulat on testa dim 
cal interpretat on 5jG 
methods. -95 

\ in den liergh test, clinical interpretation, 592 
methods -J2 

sodium, clinical interpretation G52 
methods 61!>-Go2 
specific gravity U)7 
tpeelroseopie clam nation 492 495 
slain*, detection, 495-4-6 
sugar (sea Uood glucose) 
sulfonamides, clinical Interpretation 660 
methods. 6-8 
sulfur 641 

methods, 642-644 
thromboplastinogen 479 
ursa. eLmeaJ interpretation 551 
methods. 149 55- 

une acid, ebuiral inurpretaUon 563 
methods 55 9- -65 

In urine U| Ml 

testa. 634-631 
vitamin A coolest. 112$ 
volume. 4-6 466. 9 DO 
.tuts cede, 4-J 

Use vhsrse. 224 

It II H- (ms Ussl setsUhv rats) 

Dock itaosdui method, for Urloss in mdk. 240 
bs<4 lUnsdirlprsvaratuiaol Ssm^rrv^sm. 1229 
»«d* Lustaa. KApslu ,J t(T7 10*» 
lW.« -dl-.ies U M.tarthy^ulhva* test 
Iw | U 

bmUa< of lad. la*-, ms u, 10^4 


bomb calorimeter. 1050 1051 
bone composition 249 252 1078 
decalcification expennent 2o4 
experiments 254 

formation mechanism of 252 1089 
ultraviolet radiation on effect of 1101 
bone ash nnaly s s 2-4 

Boothby standards of basal metabol sra (table). 
738 

borax fusion test for glycerol 109 
Borchardt a reaction (or fructose in unne 847 
borneol 843 
boron 1097 

Botultnui toxin amino acid composition 122 
Bouguer Beer law 515 (see olio Beer a 1»») 

Boy lea law 724 

brain composition 1078 (see alto nenous t ssue) 
metabolism and glutamic acid 1036 
branching enzyme 273 

Bratton Marshall method for sulfonamide* 658 
941 

breeding and stock diets for animals 1373 
broad-spectrum antibiotics 131$ 

Brodie fluid 343 

bro mutation method for phenols etc 445 
bromide radioactive 980 
bromine 1077 1097 

test for melan n in urine 852 
bromobenzene detoxication 443 
bromophenylmercaptunc acid 443 
bromotyros nea 119 

bromsuUalein test for liver function 424 425 
427 59 8-001 

Brown method for blood unc acid 564 
Brownian movement 6 

Buchanan Block and Christman a method f° r 
unc acid in unne 907 
buffer action 31 
power 33 
solutions chart 34 
standards preparation 35 
Clark and Luba 35 
Sartnsen, 35 
buffers blood 683 

neutrality regulation, role in 681 
pK values 682 
pro port es 682-683 
bufly coat formation 467 

Burk Luteweaver modification of Micbashs* 
Menten equation. 315 
butter nutnuvs value 1001 
saponification, 236 
buty ne acid 99 
oxidation. 1006 
in unne 812 

butyryl toenzyme A. 10O6 

byma. 183 191 

C 

cadavenns. 437 1180 
caffeine 909 

calciferol. 295 432, |25| 12-2 UU 

vita tom t» 

ealc ficauoo. 2-2 2-3 

u *'k chronology 2-8-259 


I 
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calcium, absorption, 432, 434, 1050. 1089 
balance, 1038 

in blood («e blood, calcium) 
blood coagulation and, 478. 479 
in bone, 249. 252 

and bone formation, 10S9; (u< aha ossification, 
bone) 

carbonate, in unco sediments, 854, 855, S63. 
884 

deficiency 10S9-1090. 1101 
in feces. 449, 820, 900. 1090 
determination, 962 
in foods, 1090. 1335-1355 
determination, 982 

influence of carbohj drates on utilisation, 434 
isotopes, 971 

metabolism, 10S8-1090, 1245 
in milk, 228, 235 
osalate, sediments, 855 
and urinary calculus, 800, 854 
phosphate, in urinary sediments, 854. 855 
requirement, 1089, 1108 
sulfate, unne, 810, 834. 850 
•n teeth, 250 
determination. 203 
in unne. 788, 820-821, 900. 1090 
determination, 9 GO 
test, 821 

calculi, anal j sis. 417 
biliary, 414 
calcium oxalate, SOG 
citrate excretion and. 807, 960 
«J stine. 862, 803 
wk'ary, 351 

unc acid, 796, 802, 863. 907 
urinary. 860-804 
analysis, 862, 863 
effect, of diet, 1098 
of vitamin A, 111 
phosphates and. 818 
sulfonamides and, 942-943 
unne calcium and, 9C0 
calomel electrode, standard a alues. 48 
ealone requirements, 1103 
lor work, lanous, 732-733 
c«lone \alue. of foods, 725-726, 1336-1356. 
1357-1363 

determination, 1050-1057 
°f protein, fat, and carbohj drate, 1050 

celone, definition. 725 
calonmeter, 725. lOoO-lOol 
calorimetry, human and animal, 742 
Physical and chemical basis for, 724 
unnary nitrogen in, 729 
c »membert cheese, 224 
camphor, 825 
canaiaaine, 1303 
cane sugar (»es sucrose) 
c*Pnc acid, 99 
®*Proie acid 99 
Caprjbc acid, 99 
ea Prjljl coenzyme A, 1006 

capsanthin. 102 

carbamates. 678, 680, 684 
carbamj 1 aspartic acid. 209 
SlutatruQ acid. 1039 


carbohj d rases, 304, 306, 405 
expenments, 407 
carbohj drates. 55-90, 987—1000 
absorption, 429, 434 
classification, 55 
composition, 55 
deficient j\ 1070 
detection, scheme for, 91 

effect, on calcium and phosphate utilisation. 

434 

on ketosis, 1074 
in foods, 1336-1350 

interconvertibility of fat and, 996-998. 1003, 
1012 

ketone bodies from, 1008 
metabolism, 987—1000 
experiments, 1008-1072 
hormonal control, 999-1000 
in liver disease, 421 
oxidation, 720, 990 
photoaj nthesis, 56 

from proteins and amino acids. 996 1022 
in proteins, 119 
protein-sparing action, 1049 
spatial configuration, 58 
specific rotation, 70 
tests, chart, 93 
tolerance test, 579 
■n unne <*c« glucose) 
carbon, isotopes. 971, 979, 983 
carbon dioxide, capacity, plasma (tee blood, 
plasma) 

earners of blood, 6S8 

combining power, plasma (««« blood, plasma. 

carbon dioxide capacitj ) 
of expired air, demonstration, 693 
fixation, in animal tissues. 994-995 
Ochoa reactions, 995 
in photosynthesis, 56 
production by tissues. 337-339 
in purine and pjTimidine synthesis, Z08-209 
tension, alveolar, and acid base balance 701 
transport, blood. 679-688 (tee neutrahtj regu- 
lation) 

carbon monoxide, in blood (tee blood) 
carbon monoxide hemoglobin. 473, 474 
determination 495, 706. 719 
tests. 494 

carbonate, in bone, 249 
in teeth, 256 
carbonate apatite, 257 
carbonic acid, titration curse. 681 
carbonic anhydrase. 186. 193, 307, 469. 685. 1096 
and gastric acid, 362 
inhibitors, 362 
in pancreas, 395 
carboxylase, 307 

carboxy peptidase. 157, 158, 300. 394. 39* 

6-carboxyuracil 209 

carcinogenic h> drocarbons 295 

care of am mats, 1365 

caries, dental. 258 

and fluonde, 262, 1096 
carnitine, 269 
carnosine, 268, 1036 
carotene, blood determination. 1127 
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carotene — (Confirmed) 

and uUuun K actititj 1116 1117 
a-carotene S3 1106 1113 1119 
0-carotene 03 1106 1117 1118 1119 
cLemiilrj 1117 

determination, 1122 
distribution 1116 
International atandard 1123 
women 1119 
unt 1123 

y-earotene 93 1106 1118 1119 
carotenoid# 98 229 1119 1123 

Can Vmt color test lot vtlasut K 1122 
cart lage 247 243 
casein 122 l&-> 223-224 36S 
action of renmn on. 36a 
amino acnl coui[«oeuUou 122 
determination 233 
experiment*. 173 234-235 
isoelectric point 1C7 223 
experiment 173 
preparation 234 233 
tests. 234 23s 

catalase 102 ISC 303 300 310 318 978 1092 
1133 

experiment. 323 
in milk 223 
preparation 331 
ratal j hi, 303 
eetepboreou. 6 
cataracts nutritional I ill 
ea tec bin. 1243 

calechob oxidation 321 324. 323 
cathepsiO 157 306 
cations in plasma. 1084 
carte* (#«• guinea pies) 
cell refers too 333-349 

cabbrstioo of I esses and manometer 341 
carbon dioxide production. 337 
expert menta, 313-347 
tuano metric studies, 343 
value* foe selected animal tissue*. 340 
ttixU used in study 313 
Wniburg procedure |ur study of 134 343 347 
cell volume determ natron 007 
rsUobiose 31 7k 
tebopban* h> 
ce-s. conductivity 43 
ceL moss -A bt 8>-Vl 
amyfosd from. 90 
tellopbana Iron, S3 
pertinents. VO 
h>dru»«^» m from. W 

metceriiad. hi 

advents. VO 91 

HieniMUM. V0-91 
lacvuda ivctnrsl train M 

U »~Ui UbS 2u.» 
twel mVwt Ued teviiMO, UJ 

'•i-Ut— #4 2 -rt lltr 


cerebroside* 98 290 294 (ses also glyeoltptde*) 
cerebrospinal fluid 481-482 

cetjl alcohol 93 
palrrutat* 106 

CF (tee citrororuai (actor) 

CG (see cbonomc gonadotropin) 
chalcoae* 1243 

Chaney method for protein bound rodinem blood 
661 

Charcot-Lej den cr) stale. 449 
Charles taw 724 
Chaste k paraljeu 1234 
chaulmoogne acid 101 
Cheddar cheese 224 
cheese varieties of 224 
chenodeoxy chobe acid 410 

chick antidermatitia factor (see pantothenic aci / 

chitin 243 

rhitosanune, 213 

chloral hj drate 439 442 82a 

chloramphenicol 1302 1317 

chlorapatite 2o7 

chloride in blood (see blood chloride) 
eflect on salivary amylase 311 
excretion experiment. 1098 
in feces. 820 
in milk 226 
in teeth. 2o6 

10 tissues, determination. 629 
in unne (see unne chlorides) 
c blonde shift, CSC 
reversed 363 
chlonne isotopes of 971 
metabolism. 10SG-1Q87 
ehforolipides. 10S6 
chloroph) U 56 102 1S6 193 
cblorteuaeycbne 1316 1317 
ebolebdi/tihin, 5#3 
choleostokmia 409. 779 
cboleglobin 412 
eholeie aeida 4 1 1 431 
c boles tanol 44# 

cholesterol. 88. 290, 284 285 748 
abaorpuon. 432 449 
action of bile salts on 433 
labile 409 

W blood (•»« blood cholesterol) 

calculi 414. 417 
esters, 87 

and fatty Inez 1012 

u» feces. 449 

and hormones. 748 

•solaUoo from biliary calculi. 417 

ia mi.k 223 

ones from acetate. 223 10r« 1011 
lettsrxtiso from brain 3oO 

to proteins. f>J 
tests. 300-301 

in urinary »^1 meats. 8-8. 8*4 
ehoue acid. 410 ,»*>-lJ2« 

choi.ee e».5>J 292 1024. 1104 »1«7 l ' 

aretjiss*. ~t1 

rtrouil/T 1222-1223 
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choline— (Co nhnutd) 
distribution id (oods, 1222 
honiologs, 1107, 1221 
lipotropic action, 1012, 1221 
oxidase, 1221 

phonological properties, 1221 
relation to methionine, 1020. 1221 
storage, 1222 
testa, 301 
in unne, 901 

cholinesterase, 297, 300, 038 
in blood (see blood, cholinesterase) 
in liter disease, 423, 420 427 
chondroalbuimo, 247, 248 
chondroitin, 248 
snlfunc acid 247-248, 253 
preparation, 240 
chondiomucoid, 247 
tests, 249 

chondrosanunc, 185, 248 
chondroain, 218 
chorionic gonadotropin, 774 
preparation of, 776 
in unne, 777 
chroman, 99 
chromatogram, 14 
chromatographic adsorption. 9 
**hromatograpby, 14-19 

of adenosine polyphosphates, 287 
of amino acids, 14 
column, 14 

experiments, 217, 287 
ion-exchange resins in, 15 
experiments, 217, 287 
paper, 16 
one-dimensional, 18 
expenments, 18 217 
two-dimensional, 17—18 
expenments, IS 
partition, 15 

of purines and pyrimidines 217 
Rp value, 17 

chromic oxide for separation of feces, 448 
chromoproteins, 186, 193 
cliromosomes and nucleic ncids, 200 
chromotnclna factor (mb p aiuinobcnxoie aci 
chyle, 481 

chylomicrons, 432, 476 
chyluna, 851 
chyme, 393 

chymotry psin, 30o, 306, 394, 395, 396 
preparation, 330 
chymotrypsinogen, 396 

amino acid composition, 122 
preparation, 330 

cirrhosis of Uver, 420 c _ 

citric acid, 807. 991-992, 1005 1006, liss 
in bone, 249 
cycle, 990 

acetate metabolism and. 1011 
coenzyme 1 in, 992-993 
coenzy me IX in, 993 
fat oxidation and, 1005, 1000 
in teeth 258 
in unne S0C 900, 964 

and calculus formation 


citrin (ms bioflav onoids) 
citrogenase, 807 

I.clor. H05. HI®. 1»1. 1208 
chemistry, 1201 
determination, 1201 
distribution, 1100 
citrullinc, 118. 149. 789. 1039 

Clark and Lubs’ buffer solutions, 35 
Clark Collip method, for serum calcium, 644 
clearance tests, 86, 792. 965, 909 
p-aminohippuno acid, 969 
inulin. 86, 009 

urea, 792, 965 , , 

clinical microchemical methods, for blood and 
unne analysis, 602-676 

Chniteat tablets for detection of sugar in unne, 
826 , * , 
clotting of blood (m« blood, coagulation) 
clotting time, blood, method, 490 
clupcine. 185 

amino acid composition, 122 
coagulable proteins of milk, 235 
coagulated protein, ISO, 186. 195 

”»• »' * 38 ' 
blood, coagulation) 

of milk, 235 
of protein, 186, 195 
test for protein, 830 

vitamin (mb vitamin If) 
robalamins, 1207-1214. («m olio vitamin B„) 
chemistry , 1209 
/deficiency', 120S 
determination, 1214 
distribution in foods. 1209. 1214 
cobatt, absorption, 1096 
deficiency, 1096 
effect on enzymes, 311 
isotopes, 971, 979 
metabolism. 1096 
in milk, 227 
polycythemia and, 408 
mridoxine and, 1096 
\itamm Bi. and. 1096, 1207. 1208 1209 

cocarboxylase. H°«. 

and acetate metabolism. 992 
coenzyme k and, 1137 
determination, 1142 
tbioctio acid and, 1215 

coenxyme k 322, 992. 1010, 1191, («« of. a acetyl 
coenzy me k) 

in acetate metabolism, 1009-1012 
action of phosphatase on 1182 
in carboliy drate metabolism, 992-993, 1183 
cocarboxy lase and. 1137 

in fat metabolism, 1005-1007, 1009-1012 1188 
pantothenic acid, relation to, 1187-1188 
pyrophosphate, 1011 

thioclastio reaction, 1007. 1009 

coenzy me R, 1203 

coenzy me I. 70. 1106. 1166. 1107. 1172 
in acetate metabolism, 9J2 
citric acid cycle and, 992 U93 
-cytochrome C reductase 307, 318, 323 
enzymes containing. 307. 317-318. 1166-1167 
m fatty acid oxidation. 1006 
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coenxyme X — (CerUinutS) 
in glycolysis, 274-275 
v ision and. 1115 

coenzyme II. 76 1106 1166 1167,1172 
and carbon (boride utilization 055 
citric aci<l cycle and 693 
-cytochrome C reductase, 307. 318, 320 
enzyme* containing. 307, 1166-1167 
riboflavin and, 1154 
eoebxyme IK, 322 
coenzymes, 311 

Cohen and Smith acid bemalin method, (or hemo- 
globin. 613 

Cohn a plasma protein fractions, 4G0 
foUmine (*e« ethanolaimne) 

Cole test lor lactose in urine, 840 
Coleman spectrophotometer, 531 532 
collagen, 183, 192, 244, 245, 247, 249 
ammo acid content, 122 
ascorbic acid and. 244 
disease, 245 

and mioeraloeortieoids 759 
gelatin from. 244, 2(6 
preparation and tests, 210 
Co dip a method, (or preparation ot parathyroid 
extract. 772 
colloid null, 3 

colloidal axsemoua sulfide. 3, 10 
behavior <J proteins, 112 
(erna hydroxide. 3, 10 
gold, 3. 10 
test. 482 


colorimetry — (Continued) 
calculations, 500 511 

comparison against senes of standards, 503 
dilution method, 504 
duplication method, 503 
experiments. 510-512 
internal standards, 502 
standards for, SOI 
use of light filters, 507 
colostrum, 219 

column chromatography, 14-16, (*'« oUo chroma' 
tograpby) 

preparation of columns, 15 

use (or separation of adenoainepolypboephatca, 

287 

o( punnet, 217 

combined hydrochloric acid, 362, 380 
combustion of foodstuffs 1050 
comparator, use of, 41, 504 702. 704, 873 
competitive inhibition (237-1298 
composition, of animal body, 1077, 1078 
of foods, 1336-1356 

of human blood in health and disease, 499 
compound B, 753 758 
compound E (sea cortisone) 
compound F (see hydrocortisone) 
compound 8. 753 
rooransvahn B, 162 
concentration cell, 45 
condensing enzyme. 992, 1188 
conductance, of biological fluids 53 
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coproporphy tins, 427, 782. 783. 852 
ia liter disease, 427 
in unnc, 832 
coprostiool, 295. 449 
coprostenol, 295 
coprostcrol, 295, 449 
Coranune {ice mac in diethylamide) 

Con eater («« glucose-l-phosphnte) 

Con method, for studying absorption of sugars. 
434 

Cornell teat, for pasteurisation of milk, 232 
corpus lutcum hormone, 755 
cortical hormones and water balance, 1031 
corticoids, 758. 704 
liwj for, 704 

corticosteroids, in unnc, 904 
corticosterone, 749, 753 
action of, 758 

cortin, urine, determination, 704 
cortisone, 749, 753 
action of, 75S 
cosubstrates, 278 
cottage cheese. 224 
counter, Geiger-M Oiler, 974 
proportional. 974 
scintillation, 974 

countercurrent distnbution. 25-28 
experiments, 26-28 
Cowgill salt mixture, 1377 
cotymase (*«« coetuy me 1) 
ctamps, 1031 
cream, 222 

creatine, 266, 709, 1024. 1020, 1221 
biological synthesis, 266 279. 10-5- 

1221 

in blood (•<« blood, creatine) 
diacelyl reaction, 2 SO 
in muscle, 2C6 

determination, 287 
origin from amino acids, 799, 1026 

phosphate (»c« phosphocreatine) 
preparation and testa. 279-2S0 
from creatinine, SOI 
tolerance test, 799. 904 
in unnc, 797, 799-800. 871. 904 
determination, 903—904 

experiments, 800 899-902 

creatinine, 266 788. 797-S02, 825, S 

in blood (see blood, creatinine) 

coefficient, 798, 502 
excretion, 79S, 902 
experiment on, 10o4 
formation from creatine, 26 
experiment, 280 
isolation from unne, 800 
JafTS reaction. SOI 
nitroprusside test 801 
properties, 798 frfi2 . 899-902 

In unne. 78S, 797-802. 871. fu- 
determination. 899-902 

jsrri :”,-'” 2 

creatimma, 799, 904. l- 7b 
and vitamin E, 1270 
cresol. 802. 815 _ g 437 

P-cresot, from tyrosine. 


p-c resol sulfunc acid, 802, 815 
cretinism, 771 

Crusa nnd Bcians' reagent, 91, 1325 
crotoxin, 102 

crude fiber, definition, 1051 
cry ptoxanthm, 98, HOC, 1118, 1119 
crystalloids, 1 , , , . 

Cullca-Hawkins correction for colonmetrio blood 

Cullca-Hawhins method, for blood pH. 099 

curd, of milk. 224. 305-360 

curio, unit, 974 

Cushing’s syndrome, 759 

cyanide, detoxification of, 439 

poisoning, treatment with metbemoglobin. 

475 

with Vitamin Bits. 131° 
cyanocobalamin free tiUmln Bn) 

cy an oa is. 691 

cyan uric acid, 790-791 

eyciopentanopcrhydrophenanthrene nuefeus. 295 

c\ clotron, 972 

cystathionine, 149, 1030. 1031 
cy steic acid, 158, l 032 
coenxyme III and, 322 
cysteine, 110. 139. 140-141, 1030 
chemistry, 139 
conjugation reactions, 439 
and cystine sulfur, 16S-169 
in detoxication, 443 
metabolism, 1030 
oxidation, 139 
preparation, 140 
in proteins, test for, 168 
relation to glutathione, 321 
sulfimc acid, 322 
tests. 141 

Sullii an test, 141 

cystine, 116, 124. 140. 168, 807. 854. 897, 950 
1028. 1030, 1031 
calculus, urinary. 862 
chemistry, HO 
determination, 124 
metabolism, 1030 
origin, from methionine, 1031 
from serine, 1028 
preparation, 140 
m proteins, test, 168 
tests. 141 

Sullii an test. 141 

,n unne, 807. 854, 858 863, 864, 897 
cystinuna. 807, 809, 950, 1030 
arginine excretion in, 809 
lysine excretion in, 809 
cytidine, 203 
cytidyhc acid, 203, 206 
cytochrome, 186, 318—319 

oxidase. 304. 306, 3 IS. 3 19. 324. 1092 
cytochrome A, 318, 319 
cytochrome B, 318, 319 
cytochrome C, 162, 318, 319 

reductase 307, 318, 320, 323, 1154 

cytosine, 201, 202, 210 
tests, 216 

paper chromatography, 218 
utilization, 209 
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diby droxy acetone, urine. 964 
dihy droxy aectoncphos pbatc, 274 
3 4-dih> droxy phenylalanine, 1042, 1044, 11&0 
3 4-dihydroxyphcnylclhylaminc, lt&O 

2 5-dihy droxy phony Ipyruvic acid, 1042, 1041 

3 5-duodotyrosinc, 119. 138, 771, 1042. 1044 
duMpropjlfluophaapbatc, 298, C41 
diketogulonic acid, 1231, 1234 
diketopiperanne, 119, 130, 103 

2 3-dimercaptopropanol, 1310 
dimethylaminoaxobenzcno (tee Topfcr’s reagent) 
1 7-dimcthylxan thine (tee paraxantlune) 
diwgcwn. 749 
2, 8-dioxy adenine, 211 
dipeptidase. 300. 309, 404, 405 
determination, 407 
dipeptidea, 130 

diphosphoglycena acid, 274, G34 
diphosphoinoaitido, 292 

diphosphopyndina nucleotide (tee coenxyme I) 
dipbosphothiamine («e« cocarboxy lasc) 
dw&cchsnde, 55. 77 

dispensable amino acida (tee ammo acids) 
dissociation constants, 30, CS3 
degree of, C82 
distribution coefficient, 24 
countercurrent, 25 
_ experiments. 26-28 

DNA (see deoxyribose nucleic acid) 

O/N ratio, significance, 1022 
docs, use in experiments, 1376 
Donnan equibbrium, 12-13, 428, CSS 
dope (tee 3,4-dibydroxy phony lalanme) 
dopase, 1044 
DPN (tee coenxyme I) 
nucleosidase, 1167 
Dnadol (see vitamin D) 

DRNA (ice deoxynboso nucleic acid) 

Du Boia standards of basal metabolism, 730 
Duboscq colorimeter, 508 
0 Nouy surface tension apparatus 24 
Dutch cheese, 224 

dwarfism (tee anterior pituitary gland) 

E 

E values of vitamins, 1125-1126 
Eagle method, for preparation of thrombin. 491 
edema, 467 
edeatan, 1S6, 193 
edestin, 162, 167, 183, 189 
‘eats, 189-190 

egg albumin (»ee ovalbumin) 
e 68s as acid forming food, 1357 
composition, 1344 
digestion, 367-368 

evacuation time from stomach 367-308 
Proteins, amino acid composition. 122 
Ehrlich aldehyde reagent, 1326 
diazo reagent, 1326 
test for indole and akatole, 444 
tinhorn sacchari meter, 69 
Cjaidie acid, 432, 978 
tl **t*n. 183. 192, 245. 246 
amino acid composition, 122 
>n dentin, 2o8 


elasUn — (Continued) 
experiments, 247 
preparation and tests 247 
clastouiucin, 183, 247 
electrical conductance of solutions, 53 
electrode, antimony, 48, 674 
calomel, 45 

standard values, 48 
glass, 48 
hydrogen, 45 
qmnhy drone, 48, 674 
elcetrodialj sis, 4 

electrolyte, balance in liver disease, 426 
distribution in plasma. 10S4 
and water balance, 1081, 1082 
clcctroly Uc separation of ainino acids, 125 
electrometric method, for liy drogen ion concen- 
tration of blood, 704 
of urine, S73 

electrometric microtitration. 674 
electrometric titration, of acids and bases. 50. 674 
oxidation reduction, 51 
electrons, 970 

electrophoresis, 6 
experiments, 12 

moving boundary method for, 6 461-462 
paper, 7 

in protein fractionation. 464 
of serum proteins, 184 
,n protein fractionation, 461-404 
electrophoretic analysis. 6. 461 
mobilities. 6 

patterns of plasma proteins 46- 

separation of serum proteins. 183-184 
etements. atomic weights. 1384 
in human body, 1077 
inorganic, essential, 1078 
isotopes occurring naturally, 971 
trace. 1077. 1097 

Slehjem method for iron, in biological materials. 
656 

in urine, 963 
Embden ester. 266 

Emmene-Engel test, for toeopherols. 1-7- 

emulsification, 22 

experiments, 107 
emulsifying agents, 22. 105 
emulsin. 77, 306 
emulsions, 22, 105 
emulsoids, 7, 8, 164-165 

preparation. 10 
properties, 7 

enamel of teeth, 255-256. 260 
crj stal structure. 257 

endergomc reactions. 316 

endocrine glands, control of 747 
organs, 747—779 
sy stem, chart. 747 
endopepUdase. 363. 395 
energy metabolism. *23-746 
requirements, basal. 732 
for work, various, #32-788 
energy rich phosphates, 276-278 
enolsse, 275, 307 

enol phosphopyruvio acid. 275 
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Evelyn photoelectric colorimeter, 520-527 
£»*ld lest meal in metric analysis 385 
Earns reaction lor adrenaline, 70S 
excretion, intestinal, 429 
exercise, effect on unno composition. 1009 
exergome reactions. 310 
exopeptidase, 303, 395. 405 
extinction coefficient, 515 
definition 513 
molar. 515 
specific, 51 S 
Ex tons reagent, 1320 

extracellular fluid, use of isotopes in measurement, 
8 SO 

extraction apparatus, Griffith, D15 
Poaera and Lev a tin 944 
extractives of muscular tissue, 265-260 
txtnn&ic factor, 301 1203 

e>e disorders, m nutritional diseases. Ill 1-1 1H. 
1153 


face-ache posiUon in scurvy . 1240 
P aetin, 279 

factor, antibenbcri (see thiamine) 

4nt *-egX-white injury (see biotin) 

anti gray hair (see p-aruinobomoic and) 

aatineuntic (see thiamine) 

elicit, antiancmia and growth (see pteroylglu- 
tarnic acid) 

feather (see ptcroy Iglulamic acid) 
ehromotrichia (see p-aminobcnzoic acid) 
duate (see pyndoxine) 
filtrate (see pantothenic acid) 

Ubile (see labile factor) 

ficcfofaciHuf coses (see pteroylglutaraic acid) 
hpotropio (see choline) 

monkey, antianemia (see ptcro> Iglutaimc acid) 
mouse, antialopccia (see inositol) 

P P (see macin) 

ft (see ptcroylglutamic acid) 

*** acrodyma (see pyndoxine) 
anti spcctacled-ej e (see inositol) 

Pellagra (see macin) 

8 W (see biotin) 
transmethylation (see chohnc) 

^ (see labile factor) 

^ (see biotin) 

Y (see pyndoxine) 

feast nont (see ptcroylglutamic acid) 

1 (see pyndoxine) 

* (see pantothenic acid) 

(see choline) 

drop method for deuterium, 984 
■ ancoaj a syndrome $09 
, * rr *ad interference filters, 52a 
“hog effect on liver glycogen 988, 1071 
f «ces m, 452 

, Metabolism, 1058-1060 
'** 87-110, (see also hpides) 
absorption. 411, 430-432 1003 
‘dmuuatration parenteral, 1013-1014 
amount in various tissues 1073 
»mmal 102 

antioxidants in prevention of rancidity 


fat — {Continued) 
id bile, 409 

biological importance, 100 1000 
calono value, 720 
chemistry, 101 
classification, 97 
colored, 102 

combustion and energy yield, 720 
comparative nutntivo value, 1001-1002 
content of foods, 1336-1350 
conversion to carbohydrate. 1012 
crystnlhxation 102, 107 
deposition in liver, 420, 1012-1013 
of diet and body, relation between, 1002-1003 
dietary levels recommended by National Re- 
search Council, 1001, 1109 
requirement, 1109 
deficiency, 1072 
digestibility, 1002 
digestion, 397-398, 401-403 
emulsification, 105, 107 

experiments, 100-110 

in feces. 449 

determination. 454 
relation to dietary fat. 1072 
formation, of acrolein from 106 
from carbohydrates. 996-998 1003 
from protein 1022 
hydrogenation 103 

hydrolysis* 105 
iodine value. 106 

determination 110 

metabolism. 1000-1014 
experiments 1072-4 
in milk, 220, (see also milk fat) 
in muscle, 265 
nutritive value, 1001-1002 
oxidation, 726, 1004-1007 
/?-. 1004 

parenteral administration, 1013-1014 
polymorphic forms. 103 
properties, 102 
protein sparing action. 1049 
rancidity, 104 1(vl 

prevention by antioxidants. 104 
reaction 106 

Reichert-Meissl number. 10a 
saponification, 105 
value, 10a 

determination, 109 

role of phosphohpides in, 431-432 
tide 432 
in unne, 851 

utilization, 1072 i tv TO 

I.Molubl. (■" A - D E 10 

fat-splitting enzymes («« bpase) 

M ZZt,l a «,«!««>« 

aldehydes 294 
in bile 409 

,a blood (tee blood, fatty acids) 
chemistry, 99-101 

cyclic 101 
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Suonmetrj , 535-537 
fluorine, 1077 
in bone, 349 
in foods. 1090 
end teeth, 202-203 
In teeth, 250 
in unne. 822, OSS. 1096 
determination, 957 
in water, dental canes and, 1090 
Suoroacetato, mechanism of action, 1209 
fluorosis, dental, 202, 1090 
and urinary fluoride, 933 
3-fluorot) rosme, 1302 
foam test for bile acids, 410 

folic acid, 1195-1201; (*c« d*o pteroy lglulaiuic acid) 
actiMtj, 1197 

relation to pteroj lglutamic acid, 1197 
Foha-Bcll pcrniutit method, for ammonia in 
unne, S91 

FoUn-Farmer method for nitrogen in unne. S76 
Folin-Malmros nacromcthod for blood glucose, 
575 

Folin-McEUroy -Peck roetliod for glucose in 
unne, 920 

FoUn method, for determination, of creatine in 
unne, 903 

of creatinine in unne, 900 
of ethereal sulfate in unne, 947 
of inorganic sulfate in unne. 947 
of protein in unne, 928 
of titratable acidity of unne, 870 
of total sulfates in urine, 946 
of unc acid, m blood, 500 
in urine. 909-910 
Folin phenol reagent, 939 
Folm-Shaffer method, for unc acid in urine, 910 
FoUn-Svedberg method, for blood urea. 549 
for sugar in normal unne, 927 
Fobn test for tyrosine, 138 
Folm-Wu diluting pipet. 543 

formula for preparation of Nessler Botution, 
1329 

Folin-Wu method, for blood creatine. 558 
for blood creatinine, 555 
for blood glucose, 568 
lor blood nonprotein nitrogen, 545 
for preparation of blood filtrates 543 
Fohn sugar tube, 569 

Folin-Youngburg method, for urea in unne, 8S 
folmic acid, 1201 

follicle-stimulating hormone, 774 
effect of xmc, 1097 

food, residues in feces, mastication effect 1056 
starvation versus water starvation. 1058 
foods, acid- and base-forming effects • 

1357-1364 

American Medical Association standards lor 
vitamin content, 1111 
average portions, caloric values, 1357—136 
acid effects, 1357-1364 
base effects 1357-1364 
calcium in 1090, 1336-1356 
Caloric values, 1336-1356, 1357-1364 


composition, 1336-1356 

daily allow ano es recommended, 1 105-1 

evacuation tuna from stomach, 367-368 


foods— (Continued) 
fluorine in, 1096 

fuel value, determination, 1050-1051 

gastric acidity response to, 367 

iodine in, 1094 

iron in. 1093. 1330-1350 

irradiation and vitamin D content. 1256 

phosphorus in, 1091, 1336-1356 

purino content, 1053 

sulfur in, 1095 

vitamin content. 1330-135B; (.« «l» 
individual ri/aminJ) 
formaldehy de, 438 

in metabolism, 1025. 1027 
in photosynthesis. 56 
and punne synthesis. 208 
reactions of amino acids with, 130 
formaldehy de-sulfunc acid test for cholesterol, 

301 

for ty rosme, 138 

^^ 027 .. 0 *. 1«2-IO».U» 
and purino synthesis, 208 
and pyrimidine synthesis, 209 
from serine, 102S 
in unne, 812 

lora.nl titration mctthfl. •”“>» " ,d *' 130 
897 

for ammonia, S90 
a forroj lisoglutamine, 1037 
tf-formy Ipteroic acid, 1 198 
.V-formy ltyrosine. 1302 
Foucbet’s reagent for bile in urine, . 
fractional method of gastric analy si" 

fragility test, erythrocytes 487 

^“"p'Ltnnn" 1 U o- I- «I 

f ?“hUrblocc .c.d m e „.„o , nice 378 
Friedman test, for pregnancy, 774 777 
Friedemann and Graeser method for lactic acid, 

624, 916 

F R L breeder diet, 1373 

vitamin restricted diet, 1374 

fructofuranose, 72, 86 
fructoUnase. 990 
fructopj ranose, 72 
fructose, 55, 62, 94, 827 

aminoguamdine test for. 7 •* 

expenments, 72 ,, 

methy lphenylhi drazine test for, 73 

relative sweetness, 62 

in unne, 847 
tests, 847—848 

t 6-diphosphate, 273, 274, 989 

!rac“S-“»»-.«.=» 3 .^- 3 ”- M9 ’ 900 

digestion. 367-368 

evacuation time from stomach, 367-368 

FSH <«« foIlicle-sUmulating hormone) 

"fuchsia frog" e* penmen t, 2 SS 
p-fucoascorbic acid, 1107. 1-32 

fueTvalues of foods, 1050-1051 
determination, 10 jO-1051 

fumarase. 307, 993 


;s, 375, 383-386 



Index 


1405 


Gics biuret reagent, 1323 
glas s electrode, use, 48 
in roieroehemicat anal) »*». b"4 
Riiadin, 1G2, 167, 1S3 
amino acul content, 120 
preparation and tests, 191-192 
pobin 1S5, 193, 4G9 
globulins, 1S3, 183-100 
in blood (*t« blood, plasma, globubn) 
immune, in colostrum, 219 
in milk, 223 
mctal-combming, 401 
in ner \ oua tissue, 290 
preparation, 1S9 
tests, 189 
in urine, 828 
tests, 831 
vegetable, 189 

o globulin 183, 184, 4C3-404 
^-globulin, 1S3. 184. 403-404 
7-globulin, 153, 183, 184, 400. 403-464 
amino acid content, 122 
m brer disease, 423 
glucoascorbic acid, 1232, 1307 
glucocorticoids, 750, 733, 738. 759 
action of, 758 
758, 764 

Cushing's syndrome, relation to, 759 
structures, 753 
glucofuranose, 02 
glucogenic ammo acids, 1022 
glucoheptoascorbic acid, 1232 
glucokinase, 990, 1000 
glucolipides, 294 
Elucoljsis, 339 

gluconeogenesia, 998. 999, 1000 
gluconic acid, 00. 996 
ducoproteins (*re glj coprotcina) 
glucopj-ranoae, 62 
glucosamine, 185, 102 
*n proteins, 119 

glucosazone, crjstalbno form, Plate II (facing 
P 64) 

ducose. 55, 58, 59, 94, 827 
"active " 61 

•n blood, 99S, (see also blood, glucose) 
cbmcal interpretation, 570 
hormonal control, 998 
methods. 567 
origin, 998 
utilization, 998 
chemistry , 59-69 
deh> drogenase, 307 
distinction from lactose in urine, 828 
experiments, 62-69 
fermentation. 67, 827 
formation from galactose. enx> malic. 221 
oxidase. 318 

oxidation bj citric acid cj cte, 990 
chemical CO 

phosphorylation by ATP, 274 
Properties 60 
reduction tests for, 64 
retain e sweetness 62 
renal threshold for, 579. 999 
ru ‘g structures, 60 


glucose — ( Continued) 
specific rotation, 70, 926 
in unne, 823. 920 

clinical mterpretafion 020 
determination, 919-927 

official insurance method, 923 
effect of ingestion of glucose on. 1068 
tests, 823-828 

glucose-1 G-di phosphate, 273 
glucose-1 phosphate, 84, 272, 273, 989 
preparation, 333 
starch formation from, 333 
Bluco.^G-pko.ph.le. 2C6. 273. 271. 9S9. 990. 995 
dehy drogenase, 995 
/J-glucosidasc. 309. («« also emulain) 
glucosides, 77, 309 
a glucosides, 77, 309 
0 glucosides, 77, 309 
glucosuna. 823, 82S, 920 

alimentary. experiments, 1069 
glucuronic acid, 00. SI, 248. CSS. 751, 757 
conjugation, 439, 440. 441, 442 
experiment, 444 
use for liver function test, 424 
detoxication and, 439 
preparation. 843-844 
properties, 844 
in unne, 842-843 
tests, 843 

glucuronic anhy dnde, 844 
5- glucuronidase. 442 
glucuro aides. 442, 842-843 
glutamic acid. 117. 996 

brain metabolism and 1036 

conjugates. 1035, (*« also pterolj iglutaimc acid) 
deearboxy lation, 1180 , , g 

deteebon in food by paper chromatography. 19 
determination, 124, 1063 
experiments, 146 
metabolism, 1034 

effect of penicillin, 1313 
oxidative deamination, 1035 
precursors, 1033-1034. 1037-1038 
preparation, 146 
panne synthesis, relation to. 208 
transamination, 1035 

urea b> nthesis and, 1039 
in unne, S09, 897 

glutamic alanine transaminase, 1034 

-luUme-Wrt” •““"JSt”’ “ 

dutamic decarboxj lose, 1036 

glutamic semialdehj de, 1034 
n-glutamic acid, 126 
clutanunsse, 306, 815 
glutamine, 119. 145. 890. 1035, 1036 
brain metabolism and, 269 
conjugation reactions, 439, 440. 

in muscle. 269 

punne *5 nthesis. role. 208 

urinary ammonia from, olo 

chemistry , 146 

c> steme as precursor. 

gtj cine as precursor, lO-o, 1020 
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Hanson unit, 772 

Harden-Young ester (*r« fructose-!. t» -diphos- 
phate) 

hardening of oils, 103 

Hama- lien edict standards of basal metabolism, 
73ft 

Harrison spot test, for bile in unae, 837 
Hart's method, for casein in milt, 239 
Hawk-Oser salt mixture >7o. 3, 1375 
Hanlons and Van Sly he method, for glucuso in 
unne, 925 

Hay test, for bile in urine, 837 
heart, composition of, 1078 
heat, of combustion, in calorimeter. 725 
in animal body, 720 
loss, water and, 10S0 
production, factors influencing, 730 
units of, 725 
heavy water, 980, 081 

Hektoen, Kretschmer, and Welter protein in 
unne, 828, 832, 833 
helical structure of proteins, 155 
Heller and Paul anticoagulant mixture, 542 
scheme for analysis of unnary calculi, 803 
test for albumin in urine, 830 
lldlige photoelectric colorimeter, 526 
heinacoma, 476 

hemagglutination, 408—109, 486 
demonstration, 4S6 
hemagglutinin, 468-409. 486 
hemaUn, 470 
acid, 612, 613 
alkali, 614 
hematoent, 467 

determination by specific grav itj method, 
micromethod, 675 
hematuria, S34 
heme, 193, 470 

origin from gly cine, 1025, 1 026- 102 1 
Peroxidase action, 319 
reduced, 470 
hemeralopia, 1114 
hemicellulose, 50, 91-95 
hemm, 470, 4S2 
tests, 482 
hemobilirubm, 593 
hemochromoEen, 471 
test for blood, 484 
hemocuprein, 1094 
hemoejamn, 186, 193, 1094 
hemoglobin, ISO, 193, 469-475 
absorption spectrum, 473 
adult versus fetal, 469-470 
ammo acid content, 122 
bile pigments, relation to 412 
m blood (see blood, hemoglobin) 
buffer action of, 6 SO 
carbon monoxide, 473, 474 
determination, 495, 706, • 1® 
tests, 494 

combination with oxv gen, 47 705 716, 719. 

determination, 607, 61 0-6 • 

720 

moleculsLT weight. 162 
oxidation to met hemoglobin. 

Oxygen dissociation curve. 


hemoglobin — (Continued) 
precursors, 475 
preparation, 487 

role in carbon dioxide transport. 680-681 
in neutrality regulation, 079-680 
sichle-ccll, 4CJ 
spectroscopic tests, 494 
sj n thesis, role of copper, 475, 1092. 1094 
demonstration, 1103 
unne, 828, 834 

hcinoglobinometcrs, 611-612 
hemoglobinuria, 834 
hemolysis of ery throev tea, 467-468 
demonstration, 4S7 

relation to vitamin K deficiency 1268-1269. 


1275 

hemophilia, 4C0 

Hcnderson-Hassclbalch equation, 32, 683, 689 

Henoessy and Cerccedo method, for thiamine. 
1143 

Hcnnqucs-Sprensen formol titration for amino 

acids, 897 

hentnacontane, 93 
heparin, 480 

as anticoagulant, 541 
hepatitis («c« hver disease) 
hepatofla'in, llOo 
hepatorenal sy ndrome. 4.0 
Ilertcr’s test for indole. 444 
besperetin, 1242, 1243 
hespendin, 1242, 1243 
beterohpides, 1003 

J2SSS£S.«r.«r.-*i» 

hormonal control, 1000 
hexone bases, 148 

bexo-pentosans, 56 
hexosammes. 81 
hexosan, 56 
bexose, 00 . o9 

hexosediphosphonc acid, 68 

bexose phosphates. 266, 273 

bexuromc acid, 1226 

uq( Itrt bypergb cemic factor) 

high-energy phosphates, 276-2i9, 317, 990 

Hildebrand method, for hydrogen ion deter- 
mination, 46 

Hiller, McIntosh, and Van Sly he method, for 
protein in unne, 927 
luppunc acid. 132. 440. 804-805, 914 
from bens 01 c acid, 804 
experiments, S05 
formation, 440, 804 1054 
demonstration, 1054 
from fed fatty acids 1005 
from glycine, 804, 1025 
LQcke's reaction for, SOS 
from qumio acid, 1097 
test for liver function. 422, 915 *• 

m unne. 783, 804- SOo, S54, 858, 915 
determination. 914 
hippuncsse, 1297 

lliscox colon rnetne method, for t>enicillin-G, 


nine, 360. 437, 1037 
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hyilrogcn — (Continual) 
ion concentration — (Continual) 
of urine — (Continued) 
as influenced by alkali ingestion, 1100 
&s influenced by diet, 1099 
phosphates and. 818 
isotopes, 971, 079 
oxidation of, 317 
peroxide, formation in cells, 318 
decomposition, 318 
demonstration, 322 
reaction with enxvmos, 310 
sulfide, tn feces, 447 
from proteins, 119 

transfer in biological oxidations. 317-319 
demonstration, 323, 326 
hydrogenated oils, 103 
hydrolases, 301, 300 
hydrophilic colloids, 7 
hydro xarnic acids, 1000 
hjdroxocobalamin. 1107. 1208, 12HM2U 
«nd cyanide poisoning. 1310 
hydroxy acids aromatic, excretion, 041 
hj droxj apatite, 251. 253, 257 
P-hj droxj benxoic acid, 430 

6 -hj droxj butyric acid, and acid base balance. 


dehj drogenase, 307 
tests, 812 

urine, 837, 838, 871, 933 
determination, 931, 935. 936 

7-hj droxj cholesterol. 1254 

17 bj droxj corticosterone, 751 
P-hj droxj hippunc acid, 441 
h> droxjumdazole propionic acid, 1037 
3-hj droxj kj-nurenine, 1040 

hj droxj la nune in studies of fattj acid oxidation, 
1000 


hj droxj Ij sine. 118, 124 
S-hj droxj methyl cytosine, 201 
hjdroxymethjlfurfural 63 
hj droxj nerv one, 294 
hydroxy pantothemo acid, 1189 
P-hydroxyphenj lacetio acid, 436, 809. 941 
P'hjdroxyphenjllactio acid, 436, 1042, 104 
P"hj droxj phenj lpropiome acid, 809 
P-hj droxyphenj Ipjnivic acid, 809, 1042, 1 
17-hjdroxyprogesterone, 758 
hj droxyproline, 117, 143, 1033 
®~hj droxj tryptamine. 437, 479 
hj droxyt yranune, 1044 
h> odeoxy chohc acid 410 
hyperglycemia, 570, 998. 1058 
from carbohydrate ingestion. 1063 
hyperglycemic factor 769, 1000 
relation to phosphorj lase, 1000 
hypennsulmistn, 570 
hypersecretion acidity curve, 376 
hjpertensin, 778 
hy pertensinase, 778 
hypertensinogen 778 
hytertension, 777 
nyperthyroidism, 734 
hypertonic solution, 20. 463 757 

hypoglycemia, adrenal cortex 


hypoglycemia — (Continued) 
after insulin, 570, 998 
hypophysis (tee pituitary gland) 
hj poprolbrombinemia, 477 
hypothyroidism, 772 
hypotonic solution, 20, 468 
li> poxanthine, 210, 211, 795 
in muscle, 267 
tests, 215, 217 

paper chromatography, 218 
in urine, 813 


ico cream, 232 

Icken and Blank method, for fluonde in unne. 


ICbll (tee interstitial -cell stimulating hormone) 
icteric index (tee blood, serum, icteric index) 
idose, 58 
imbibition, 9 

iwidaiolulone caproic acid, 1309 
iniidazotone propionic acid. 1037 


unino acids, 1018 
itninopyruMc acid. 1028 
immune globulins, in colostrum. 219 
in plasma. 461 




485 

reaction of proteins. 180-181 
,jp (tee inosimc acid) 

3 mdandione, 1303 

dican, 437. 442. 803. S27, 847, 851. 1041 
,n urine, 788. 938-939 
tests for, 803 
dicators chart, 34. 381 
Clark and Lubs. 39 
effective range, 38, 381 (table) 
experiments. 380-382 

Michaelis 41 

preparation of solutions, 39, 382 
table. 381, 382 


use 38,378 

in gastric analjs: 
in titration, 867 


1 . 378 


indigo 80 1 

blue, 804 1 

in urine, 854, 859, 864 • 

indispensable amino acids (tee amino acids, india 
pensable) 

indole, 437, 802, 815 

m feces, 447 • 

tests, 444 * 

and tryptophan sy n thesis, 1041. 
indoleacetic acid, 782, 8o2 , 

indoleacry lio acid, anti metabolite action, 1301 
indolelactio acid, 1041 , , 

mdolepyruvio acid. 1041 

indophenol oxidase, 304 319, (tee otto cy Cochrome 
oxidase) 

indoxjl. 802 804 

sulfates, m urine, S59 

indoxylsulfunc acid, 802, 803, 815. (scs alto 
tndican) 
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isoelectric point — (Conltnue J) 
and solubility of casein, 175 
uohcmaggluUwtia, 403 

isohjdnc carnage of carbon dioxide, 6SO, 635 
isoleuane, 115, 135 
determination, 1003, 10G4 
in urine, SOO 
uomoltose. 55, 920 
uotncoUme acid hydrandc, 1303 
1 uotucotiny I-2-uopropy 1-hy draxine. 1303 
uoprtne, 11 IS 
uonbodavin, 1300 
uotome solution, 20, 408 
isotopes, 070-9 SO 

earner method for ammo acids, 124 
definition, 070 

dilution, analysis by, 124, 085-9S0 
naturally -occurring, table, 971 
radioactive, 972-983 
expenments on, 9S0 
half-bfe. 072 
biological. 973 
measurements. 073 
in medicino, 9S2-083 
stable, 983-980 

measurements by mass spectrometer, 984 
Use in analysis, 056 

use m determining blood volume, 980, 
expenments, 080 

use in determining extracellular fluid volume, 

9S0 

•W'alenc acid, 99 


J 

7aa6 reaction for creatinine, 555, 801, 899 
test for indican, 803 
for Lynurcnic acid, 810 
Jaundice, 420, 424, 591, 592, 594 
Jephcott method, for preparation of insulin, 769 
Juice, gastno (see gastric juice) 
intestinal (sea intestinal juice) 
pancreatio (see pancreatic juice) 


ketogenesis, 1008 
ketogeme ammo acids, 1023 
o-Vetoglutanc acid. 991-993, 996, 100b, 1038 
a kctoisovalcnc acid. 1033 
ketolysis, 1003 

ketone bodies (*« acetone bodies) 
ketonenua. $38, 1008 
ketonuna, S3S, 1003 


ketose, 55 

ketosis, €92, 838. 1007, 1023. 1073-1074 
demonstration, 1073-1074 
17 -ketostcroids, 751, 755, 759-7G0 
determination, 7C5 
in unne, 755, 753 
kidney function, tests. 005-9G9 
kidneys, role in neutrality regulation. 688 . 
kinases, 312 ' 

kinetics of ensyrue action 312-315 . • 

Kingsley method, for plasma proteins. 605 
kitol, 98 , 

Kjeldahl method, for total nitrogen. 874 
Kiett biocolonmeter, 509 
fluonmeter, 536 
nepbelometer, 534 

Iflett-Summerson photoelectric colorimeter. 529- 

530 ,CA 

Kober reaction for estrogens, 762 
Koch-McMeekin method for blood nonprotem 
nitrogen, 547 

preparation of Nessler solution. 1932 
koprosterol (**• coprostcrol) 

Kossel and Siegfried method, for isolating arginine 
flavianate. 148 

Kossel and Siegfried protamine nucleus hypo- 
thesis, 153 
koumiss. 79 

Kranier-Tisdall method, for serum calcium, 644 
Kiaut s reagent, 1328 
Krebs citric acid cycle. 990 
Krebs urea formation cycle, 789, 1039 
Kroger and Schmid's method for punne bases, 
911 

kwashiorkor, 229 
Lynuremc acid, 810, 1040 
kynuremnase. 1040 
kjnuremne, 1040-1041 


kafinn, 191 

Kantor and Giea biuret paper, 1323 
Karr method, for blood urea, 554 
Karr salt mixture, 137 . 

Katrman and Doisy preparation of gona o 
(prolan), 776 
kefir, 79 

Kennedy methods for iron, 657, 963 
hephabn (see cephahn) 
hephyr (see kefir) 
keraame. 294 

keratin, 1S4, 192, 242. 258 
eukeratm, 242 
expenments, 244 
pseudokeratin, 242 
structure, 154 

keraUnase, 312 j2I5 

keto acids, oxidation, role of tluoc 


cam factor. 1106, («« alto pteroy Iglutamie 
acid) 

•bile factor in blood coagulation. 478, 479 
methyl groups. SOO. 1024 1025. 1027, 1029 
and one-carbon intermediates, 1032 
and pteroy lgiutamic acid, 1209 
and vitamin Bit, 1209 
ntninhate. determination, 282 


laccase. 321 , 

lactalbumin, 102, 183, 225 
lactase. 304, 300. 404, 405 
bacterial, in milk. 221 
intestinal, 404. 405 
demonstration, 407 

lactation, effect, of antenor pituitary on. 774 
of oxytocin, 776 

lactic acid, fermentation, 79, 221 
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liver — (Continued) 
disease — (Continued) 
y-globulin, 123 
hormone metabolism, 526 
nitrogen metabolism, 422 
plasma proteins in, 422-423 
scrum albumin in, 423 
bilirubin let els, 425 
cholinesterase, 423, 426, 427 
water balance in, 420 
(stty degeneration, 420, 1012 
factors producing, 1012 
function, chemical ev aluation 410-427 
dunce of testa 420-127 
tests, comparative results, 425 
bromsulfalcin, 424. 427 
interpretation, C01 
method, 59S 

cepbalin-cbolestcrol flocculation, 425, 427 
interpretation, S93 
method, £97 

galactose tolerance, 421, 427 
hippuno acid, 422, $04 
interpretation, 910 
method, 915 

thymol turbidity and flocculation. 4-5. 
427 

interpretation, 590-597 
method, 595 
t> rosine tolerance, 422 
vitamin K tolerance, 1276 
eljcogen. factors affecting, experiment, IU71 

Lease, factor. 1106 

eda. fish, vitamin A and D content. 1115 
plasma protein production by, 465 
logarithms, table, 1382-1383 
hohmann's reagent. 1328 
reaction, 277 

hong s coefficient for total solids m urine. S 
Wiey-Dyer method, for blood potassium. 

Lucas and Beveridge preparation of cy steine, 

LOclte’s reaction for hippunc acid. 805 

Lugol’s solution, 1328 

lumichrome. 1158 

lunuflavia, 1158 

lumisterol. 1252 

lungs, composition, 1078 

role in carbon dioxide transport, 683 
lutein (*«e xanthopby 11) 
uteinizing hormone, 774 
effect of zinc, 1097 
•uteotropio action, 750 

Inoptm. 9S, ms, 1119 o, bra— 

Lyle-Curtman-Marshall modification 

dine test, 484 
Jyttph, 481 
lymphagogues, 481 
liophihc colloids, 7 
Whiluation, 460 

llnphobic colloids, 7 

Ijsine, US. 148. 1037 
chemistry , 148 
nod cystiauna, 809 
decarboxylation, 1180 
deficiency, experiment, 1060 
determination. 124, 1063 


lysine— (Continued) 
metabolism, 1037 
in unne. S97 
lysocepbabn, 292 
lysolccitbm, 292 
lyxose. 58 


Madagan unit in thymol turbidity test, 596 ^ *» 

magnesia mixture, 1328 

magnesium ammonium phosphate («« ammonium 
magnesium phosphate) 
magnesium, absorption, 1092 

amount in body, 1077 
anesthesia, 1092 
balance, IOjG 

in blood («« blood magnesium) 
in bone, 249. 252 
deficiency, 1092 

determination. 961 

effect, on enxy mes, 311 
on gallbladder, 403 
in feces, $20 
isotopes. 971 
metabolism, 1091-1092 
in milk. 226 
,n muscle, 269 
phosphate in urine, 854, 859 
in proteins 186. 193 

requirement. 1091 

in teeth. 256 

!» ,m«. 788, 820-821. 962 

determination, 961 

M.U.ttl raelbod. lo' »«"»“ “ """• 8B0 
„l,.„d.99..993.095 
df b. droeen— e. 307, 993, 995 
cnxyme 995 ... . , . „ 

Malloy and Evelyn method, for serum bilirubin 

m a Ionic acid inhibition of succinic dehy drogenase. 
1297 

maltase, 77, 304, 306, 355 404 405 

intestinal, demonstration 407 
maltosaxone, crystalline form. Platt If (facing 

55, 78. 81.94, 827, 926 

experiments. 78 
properties. 78 

relative sweetness, 6g 

from starch in sail* a. 352 
mammary glands effect of oxytocin on, 778 w 
manganese, amount in body. 1077 3 * 

deficiency, 1095-1096 , 

efiect on enxy mes. 311 
metabolism, 1095-1096 
in milk. 227 
in proteins, 186, 193 
requirement, 1098 
mannans. 75 
mannosans, 75 

mannose, 55. 58. 62. 75. 94. 827 
experiments, 75 

pbeny lby dratone, preparation. 75 
prot>erues. 75 
in proteins, 119 
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manometnc methods lor blood analysis, 709-721 
margarine, nutritive value, 1001 
M butter. 103. 1001 

marine organisms, relation to wtamin A in fish 
o>i*. mo 

Marshall-Welker method, lor preparation o£ 
hemoglobin. 487 

Mason and flarrie modification of Evans method 
(or vitamin E. 1274 
mass action, law of, 29, 682 
mass spectrometer, 984-935 
mastication, defective, effect on feces, 1056 
Matheat test, for fermentable sugars. 828 
McColluin-Davia raclutogemc diet, 1261 
salt mixture, 1376 

McCrudden s methods, lor calcium and mag- 
nesium in urine, 960 

McCullagb method for iodine in urine, 964 
meats as acid forming foods, 1361-1363 
composition 1336-1356 
digestion, 367-368 

evacuation time from stomach, 367-368 
extractives, 268-269 
high acid production in stomach, 367 
stimulation of acid eecretion 367 
medicolegal tests for blood, 480 
melanin and tyrosine 1044 

In urine, 851. 854. 859. 1042, 1044 
tests for, 851 

metsnopbores snd pituitary gland. 776 
melanun*. 851. 1042. 1044 
mehtose (•(« raffinose) 
melitrtose (*«« raffinose) 

Melnick-Ilochberg-Oter method, for physiological 
availability of vitamins, 1281 
membranes. 4. 19, 20 
menadione, 1107, 1279 
esters. 1107 

sodium bisulfite, 1107, 1279 
menthol, 825 

menstrual cycle, effect o I. on eitne acid in unne. 
807 

ff-mercap toe thy lamina, 1191 
mertaptuno acids, 1032 
mercury in luine, 850, 964 
tests lor. 850 

mcsobiiirubmogen, 412, 413, 447 
p-mtlhoxyhtniots acid conjugation, 441 
p-melhoiytuppune acid, determination 445 
mstaboLe antagonists, 1297-1310 
metabolic hslsnce, prepsrstlon of 1056 
meubohe product nitrogen. 451 1055 
metabolic rate, basal, 739-740 
effect of adrenaline on, 767 
of anterior pituitary on, 774 
of thyroxine on. 771 

msUbohe studies, of treati nine elimination, 1054 
general procedures. 1044-1047 
metsbohsia. 735-46. 987-1076. 1077 1103 
of scabs acid. 1009 

of and ami bass-forming foods, 1097 1098 
and -bass, experiments, 1097-1101 
basal, 733. 73e-7U> 

xlJiKsl laUrprstauoa id 734 
determinant* <J 716-74* 

«f carbohydrates, 947-1000, 1068-1073 


metabolism — ( Continued) 
of energy, 723 

experiments 1044-1074. 1098-1103 
balance of income and outgo in 1056 
collection and preservation, of feces, 10^ * 
of unne, 1044-1045 
separation of feces, 1046 
of fasting 1058-1060 
or fat. 1000 1072-1074 

influence of fat and carbohydrate as protein 
sparer*, 1049 

of high caloric, nonmtrogenous diet, ltH® _ 
of indigestible, nonmtrogenous mater 
1046 

of water, 1057 

of inorganic elements, 1077-1103 
methionine, 1028-1030 , 

of nitrogen, 1020 1047 

and sulfur as influenced by diet, 1054 
phenylalanine, 115. 1008, 1011 
of proteins, 1014-1044 
of punnet, 813, 1051-1054 
respiratory. 678 
salt-free diet, 1098 
salt-nch diet, 1098 
time relations of protein, 1047 
metal-combining globulin of plasma, 461 
metalloporpbynn, 470 
metalloproteins, 186, 193 
metaproteins. 186, 193-194 
metbemoglobia, 180 473, 475 
absorption spectrum, 473 
in blood (see blood methemoglobin) 
determination, gasometnC, 720 
photometne. 619 
spectroscopic tests, 495 
in unne, 835 
methemoglobinemia, 621 
methionine 116, 142, 1028-1030, 1107 
antimetabolites 1300-1301 
chemistry, 142 

choline formation and 1029 1221 
creatine formation and. 799, 600, 1029 
cystine formation ami 1031 
determination 124, 1063 
expenmenU, 142 
bpo tropic action. 1012 1029 
liver damage relation to, 1030 
metabolism, 1028-1030 
selenium toxicity effect on 1097 
sulfoxitmne, 150, 1301 
transmethylation and. 1024. 1029 
in unne, 809 
methoxypyndoxine. 1307 
methyl alcohol 438 
glucosides, 77 

group conjugation reactions, 439, 440 
from glycine. 1025 
inositol 1107 1224 
mercaptan «47 807 
methy lation and detoxicaUon 443 
methylens blue reduction of 318 
m study of tissue oxidations 326 
5-methy I cytosma 201 

X-mcthyl l- glucose nuns 1316 , 

T-methyl'l.d-naphthoqumeae (Mt menadions 
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Nt-znethjlnicotinamide, 812, 1040, 110G, 11G7, 
1168-1170 

determination bj Uochbcrg, Melruck, Oser 
method, 1174 , 

otUylol, 1027 v, 

meth) I pentose («« rhaiunose) 
“ethjlpbenjlfructoaazone, 73 
O-mcthjl 9 (o-l* nbitjOisoalloxatine. 1100 
7-mctkjl 9 (o-l'-ribit}l)isoalloxaxinc, 110G 
10-methjUleanc acid 101 
methj [testosterone, 752, 755 
5-methj turacil (<r« thjiuine} 

7 methjUanthino (zee epiguamnc) 
ttetbjlxantbmca and uric acid determination, 900 
mice, me in experiment*, 1373 
Miebaebs constant for cnxjmes, 315 
Mirbaelis-Menten equation, 314 
Miebel method, lor cholinesterase. 639 , 
microbiological determination of ammo -acids, 
121. 1001-1068. 

«>f vitamins, 1131-1132 

microchemical aulisu of blood and urino, Co2- 
676 

microcbenucal apparatus and teelmiqucs, 604- 
676 

microburct*. 065 , 

nucrocuv ettca, 070 
Kucrodiffusioa eclla, CCS- COO, 
rotator for, 070 
micropipets, 064-005 
microreaction vessels 608 
microti tration table. 007 

microcbemical determination, of acid and alkali 
bj electrometric titration, 074 
of alcohol in blood, 073 
of ammonia in unne, 070 
of chlorides in blood and urine, 072 
of hematoent value for blood 075 
of hj drogen ion concentration of blood, 675 
of total nitrogen, 071 
of urea in blood and unne, 671 
microchemical method, for blood collection, 675 
microchemical methods, \ anous references, 675 
microchenuatrj , terminology of, 662 
microcolonmeter, 509 
microcune, 974 , 

micmdiffuaion, 668, 671, 673, 886 
microgram. 662 - 
microhter, 662 
micron, 1249 

microorganisms in feces, 446, 450 
“icrophotometry, 670 
mmropipeu, types of. 665 
mdk 219-241 

•etion, of gaatnc juice on, 366 
°f Pepsin on 365 
of Proteolj tic enzymes on, 2 
mmraia, experiment 1103 
**h> analj sis of, 238 

Oubcock teat, 222, 236 
J" k ase-forming food, 1363 
mological value, 22$ 

•mlcium phosphate in detection of, 235 
canned 231 
'Mem 223, 234, 239 
determination of, 239 


milk— {Continued) 
casein — (Contin ucd) 

preparation and tests, 234 
collection of human, for analj sis, 2i 
composition, 220 1346—1347 
condensed, 231 
copper in, 227 

con’s, composition of 220 1345 
essential amino acids in 225 
in nutrition and infant feeding, 2 
curds, photographs 306 
determination, of ash in 238 » 

of casein 239 
of coagulahle protein, 239 
of fat, 230 
of lactose, 240 

microuiethod for, 240 > 
of protein, 238 v 

of specific grant J. 230 
of total solids, 238 
dietary elficioncj of, demonstrate 
dried, 231 v ' « 

economic uses of, 232 
cn*> mcs. 225 

essential amino acids in 22o 
evacuation time from stomacb H 3( 
evaporated, 231 
experiments on 232 
fat. 222-223 

determination of, 236-238 
experiment 230 

goat’s, composition of, 220, 1346 
in nutrition, 230 

homogenization 222 i 

human composition. 220 

essential ammo acids in, 225 
in infant feeding 230 
human nutrition and. 229-232 
inorganic components, 226 

iron 226 1093 
lactose 221-222 
detection, 236 
determination, 240 
souring and, 79. 221 
legal definition of, 220 
Upides («« mJk fat) 
mature, 219 

nitrogen factor of proteins, 239 
pasteurization, 230 

phosphatase test for, 232 
protective effect, 229 
proteins, 223-226 

amino acid content In- 
coagulable, experiments, 235 
determination 239 . 

renmn action, experiment. -34 
as source of calcium, 1090 
flouring, 221 
sugar (tee lactose) 
trace elements, 227 
vitamins, 227 
miUicurie 974 
nulbuucron, 1249 
Millon reaction 109 
reagent 1323 
Millon-Nssse reaction. liU 
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osteomalacia, bone composition, 251 
OsUald-Folio pipet, 512 
Ostwald-FoLm viscosimeter. 12 
Ott test, for nucleoprotein in urine, 834 
a\ albumin. 122, 162, 1C7, 153 
ammo acid composition. 122 
oranea, 735, 773 
oicrproductioa,*’ 008 
ovoflavin, 1106 
ovomucoid, 119. 185 
ovontelbn, 1S5. 103 
oxxlacctic acid, 001-092. 004. 006 
oxalic acid. 7SS, 605-506. 867. 044 
determination, 044 
in diet. S06 
metabolic origin, 806 
standard (01 N) solution, 807 
oxalosnccimc acid, 091-092 ' 

decarboxylase, 992 
oxaluna, 045 
cxalunc acid. 806, 944 
oxamide. 171 

oxidases, 304, 323-325, 1215 
animal. 325 

keto acid, and thioctic acid, (protogen). 
1215 

plant, 323-324 

oxidation, by activation of oxygen, 319 
of earbobj drates. 990 
by dehydrogenation. 317-319 
of fata, 1004 
iron, role of, in, 322 
snd phosphorylation, 317 
sulfhydryl group, role. 321 
tissue, methods for study, 326 
^oxidation, 438, 1004 
"■Oxidation, 1007 
oxidation reduction systems. 316 
titrations, 51 

oxidative deamination, 1027, 1035 
oxidizing enxy mes. 304 
oxoisomerase, 274 
oxj acids, aromatic, in Urine. 810 

oxy biotin, 1206 

oxygen, m blood (tee blood) 
caloric values for, 726 
capacity {tee blood) 

combination with hemoglobin 471. 679—650 
consumption by tissues, average values 340 
measurement, 334-336 
isotopes, 971, 979, 983 
role of, in neutrality regulation, 678 



835 

m blood (sea blood) 
isoelectric point, 167 
spectroscopic testa, 494 
“i unne, 828 
testa for, 835 

0l J prolme (see hydroxy prohne) 
°*> tetracycline, 1316, 1317 
0x > thiamine. 1138, 1305 
“xytocin, action of, 775 
amino acids in. 776 


oxy tocin — (Continued) 

effect of. on mammary glands, 776 
structure, 775 


PABA (sea p-aminobcnxoio acid) 
PAH («« p-aminohippune acid) 
Palmer method, for hemoglobin, 610 
palmitic acid, 99 
aldehyde. 294 

preparation and tests, 108-109 
palmitin (tee tripalmitin) 
pancreas, 70S, 1078 
experiments on, 769 
hypergly ccmic factor, 769 
pancreatic amylase. 396 
experiments, 400 
pancreatic digestion, 393 
experiments, 399 
of protein, products, 398 
pancreatic juice. 394 

artificial, preparation of, 393 
composition, 394 
enxy mes, 394, 395-393 
- secretion, 393-394 
Upasc, 397 

experiments, 401 
proteinase (*«« trypsin) 
pancreotymin. 394 
pantetheine, 1190, 1191 
pantoie acid, 1190, 1191 
pantolactone, 1190 

1108, 1180-1104 

analogs, 1188 

anti metabolites, 1305 
biosynthesis, 1189 
in blood. 1189 
bound forms. 1188 
chemistry, 1189 

clinical aspects. 1187 

coenzyme A. relation to. 1187-1. 
deficiency, 11S7 
symptoms. 1187 

determination, 

4 0 AC. method. 1192 
Sheggs and Wright method. 1 
distribution in foods. 11S9. 1190 
esters, 1106 
in feces, 812 
inositol and. 1225 

physiologic*! aspects, 1186-1 1S9 
requirement, 1109. 11S9 

m saliva. 351 
storage, HS9 
m urino. 812 
Mtamcrs. 1106. 11SS 
pantotheny 1 alcohol. 1191 

^ssrsi*-* 

- <- - 



piper electrophoresis (or protein fraeuonalioci. 7, 
464 

of blood scrum, 184 
paracasein, 224, 265 
Para-oxon, 2j9 
Pmtbios, 299, 641 
parathyroids. 772. 1083. 1037 
blood calcium and, CIS. 772 
deficiency sod tooih formation. 261 
experiments, 772 
extract, preparation ol, 772 
effect* of. 773 t 

unit. 772 

hormone, nature, 772 
paraxanlhice, 813 

parenteral amino acid administration. 105 
parenteral fat administration, 1012-1014 
partial preaaurca, gases 725 
partition coefficient, 24 

of nitrogen and sulfur in urine, 1034 
theory of fat absorption. 431 
Pasteur effect, 341 
rniyme, 341 

pasteurisation of milk, 230 
test for, 232 

Paulin* bypotbeai* lor protein structure. 153 . 

peanut- meal protein, amino acid content, 120 
pectin, 56. #1. 92-93 . 

experiments. 95 

preparation, 95 

pellagra, 1133, 1164, 1165, (u« also niacin) 
penicillin, 1312-1314, 1318-1320 
chemistry, 1313 

determination, Uiscox method. 1320 
Rammelkamp method. 1320 


pejoin— (Coni tau'd) 
in urine. 81 1 
pepsinogen, 305. 361 
differentiation of, from pcpaio. 371 

peptic actinty, dctercnittstroa of, b/ Anson ana 
Slirsky method, 3»J 
b> Itiggi and Madia method. 383 
by \ olhard and LoLlcin method. 362 
digestion, products. 370 
peptidase, 306. 3 C0 9 363, 404 405 
actuation by metal ions. 311 
actitiiy. 400 

experiments, 406 
peptide linkage, 131 
peptide*. 152, 187. 199 
in urine. b(/i 
pej using agents. 3 
peptone*. 113, 187, 195. 828 

differenuaUon of. from proteoac*. 19/ 
experiments, 196 
m urine. 828 

pcnodide test, for choline ffloaenheim) 301 
Perkin Umer Came photometer, 530 
permanent «a« mg. 243 

PcrmuUt method, for ammonia in urine. 8» 
peroxidase, 186 300. 319 324 1092 
determination, 325 
espemoents, 324 
in Bulk, 225 
preparation 325 
reacUon mill peroxide, 310 
peroxide* and radiaUoo damage, 978 
perspiration. 1081 , , 

Prttenkofer test, for bde and*. Mjhua 
cation 41G 837 
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phea>Ih)draxme — (Coniinurcf) 
reaction for sugars — (Continued) 
in unne, 824 

reagent, preparation, 1330 
pbonjUactic acid, 1042, 1043 
phenjll&ctos&zonc, Platt II (facing p. 64) 
phenjlmaltosaxone, Platt II (facing P* 64) 
phenj Iprojnomc acid oxidation, 439 
p)icn> Ipyrut ic acid, 438, 1042. 1043 
phenjUennc, 1302 
phcnjljulfuric acid. 442 
jhcn)lialcnc acid oxidation, 439 
phlonxm, 77. 781 
diabetes, 781, 999. 1022 

phloroglucmol h) drochJonc acid teat, for galac- 
tose, 74 

for pentoses. 845 

phosphagen (tee phoapliocrcatine) 
phosphatase. 300, 317, 1245-1247 
action on coenxj roe A, 1192 
blood (see blood, scrum phosphatase) 
u> calcification. 240, 252. 253 
and glucose a> nthcsis. 990 
intestinal. 404. 405 
experiments, 400 
in milk, 225 

test for pasteurization, 232 
m rickets, 1246-1247 

phosphate buffer solutions, 35-36, 702, 872 
w blood (tee blood, phosphate) 
e>c!e, 990 
W muscle, 260 


phosphopeptones, 224 
phosphoprotcins. 185, 193 * 
phosphopyrui ic acid, 275, 989, 994 
enol form, 275, 994 
keto form, 275 

phosphonboside, 202 

phospliorol) sis, 272 
phosphorus, absorption, 1090-10 
amount, in bod), lt)77 
m foods, 109I,*1335-1355 
in tissues, 1078 

determination of, 635 
blood (let blood, phosphorus) , 

deficiency, demonstration, 1102 
in feces. 452, 820 

influence on carboh)drate metabolism. 134, 
1090-1091 

isotopes. 971. 979, 980. 083 

radioactive, experiment on. 980 
metabolism, 1090-1091 
in milk, 226 
in nucleotides, 203 
requirement, 1091, 1109 
in teeth, 256 

determination of, 263 


test for, 212 

in urine, total, determination. 953 
pho,pbor>lu«.3M. Ml. »89. 1000 
a- and 0-forms, 273 
aden> lie acid relation, 273 
1IOF relation, 1000 
intestinal absorption and, 429, 430 
oxidation and, 317 



1422 


ISDEX 


photometry — (Continued) 

relation between transmittance and concentre 

tioa, SI 6 £38 

between transmittance and wavelength 522 

53d 

test tubes calibration, 539 
use of light filler* 521 
photoptio 1113 
photosynthesis 06-08 

carbon dioxide utilization 57 
phoaphogi) cenc acid formation, 57 
tluoct c acid role 58 1216 
phrenosme 231 
phrenoeuue acid, 291 
phry noderma in avitaminosis A 1111 
phthioeol. 1279 
phthioic acid 101 
phylkxiumoue (*« vitamin K) 
pby sieocLc nueal pnnrlplea, 1 51 
ph> Biological availability of vitamins 1281 
pbysostigmine 298, 641 
phytic acid, 1060 1091 
phyUn, 1107 1221 , 12ofl (tee aUo inositol) 
phjtol. 102 
ph> tosterols 295 

picric acid reaction for creatinine (JaSl) 801 
for glucose 67 

pigments bile 100 

blood, 469-175 
fecal, 117 
muscle 270 

plant relation to vitamin A activity 1116 
unne 781 813 
picoebe acid 1207 
pineal gland 778 
pi pet blood, diluting 513 
Omlwald Volin, o!3 
Pina test for tyrosine 138 
Pitocin (see ox>tocin) 
pitressin (u< vasopressin) 
pituitary gland, anterior 773-770 
effect on organs of body .,70 
hormones. 774 
preparation of extract. 776 
experiments, 776 

growth hormone, amino acid composition, 122 
posterior 773-776 
hormones 7 7 o- 77 6 
pituitnn. 775 
pK. definition, 22 

values for blood buffer* 682 
plant proteins, amino ae&d composition 120 
plasma bicarbonate (see blood plasma, bicar 

proteins (see blood plasma, proteins) 
plasmalogens, 293 
plasms pheresis 46j 
platelets, blood 470 

in blood coagulation 479 
in clot retraction L 2 
plutonium, V73 

P5H fees gonadotropic hormones) 
poison, 438 
poiaruneter 70 
polariseope, 09 

use of in urine analysis. 926 


polarization of light. C2 
polarogram, 52 
polaxograph 51-53 

poliomyelitis protection with y globulin, 460 
p<4> avitaminosis, 1101 
poljqtLems 468 6Io 
polymyxin 1316 
polyneuritis {see thiamine) 
pol) nucleotidase 210 300 394 40o 
polynucleotide 202 
structure 204 

polypeptide 113 131 1J3-1»4 
intestinal absorption of 430 
polyptenolondase 304 306 320 323-324 
polysaccharides 8l-4)a 
bacterial, 02 
classification, 56 
polyuria, 781 823 
porphyria, 782 

porphyrin* 470 475 827 852 
isomers 470 
precursor* 47 J 
in unne 782 8o2 

posterior pituitary (see pituitary gland pustcOW 
potassium amount in body 1077 1068 
blood (see blood potassium) 
deficiency 1088 
effect of adrenal cortex on, 7o7 
feces 820 

glutamine and in brain metabolism 269 

isotopes 071 
metabolism 1087 1088 
deoxycorticosterone in 7o8 
in milk. 226 
in muscle 260 
in nervous tissue 206 
poisoning. 1088 
urate in unne 8o4 
in unne 788 819 820 963 1088 
determination of 062-963 
hormonal control. 1088 
potato composition, expenment 323 
oxidases, preparation and tests 822P-32V 
starch Preparation. 84 
potato-meal protein, ammo acids in 120 
potential, electrode 43 44 

half wave 52 , - 

Power* and Lev a tin method for oxalic an 
P P factor (tee niacin) 

PrantaL for ulcer 360 
precipitin, reactions 181 481 
test for blood. 481 

precolostrum. 219 —g, 

pregnancy 4*ehheim and Zondek test W ‘ 
777 

Fnedmu test for 774 777 
pregnane 749 
pregnanediol. 754, 757 

glneuromdate in unne determm»lio° 
pressure osmotic ( tee osmotic pressure) 
soJutioo. 43 

primary protein derivatives 
proteose* 187 196 
Pro- Ban (bine for ulcer 366 

pto&bnnoJysin 480 


186 193 
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progesterone, 749, 750, 754, 755. 758 
assay for, 755 
International Unit, 757 
metabolism, 757 
prolactin, 750, 774 
prolamms 1S3, 191 
prolan (*e« chonomc gonadotropin) 
prolinase, 306 

proline, 117, 143, £09, 1030 
metabolism, 1033 
in urine, 809 
prooxidants. 104 
propionjlchohne, 293 
prorenmn. 365 
prosthetic group, 185. 304 
protamine nucleus structure of proteins, 153 
protamines, 167. 185, 201 
proteans. ISO, 193 
pretectal* colloids 3 
demonstration, II 

proteinases. 304, 300, 363 (<« aha pepsin, trypsin; 
chymotrypain) 

protein bound iodine of blood. CGI, 1095 
Protein-free blood filtrate, 543*545 
proteins. 111-199 
absorption of, 429 
acids and alkali effect, 174 
alcohol precipitation, 175 
soluble (see prolanuns) 
alkaloidal reagents, precipitation, 174 
amount m foods. 1336-1350 


proteins— (Continued) 

determination— {Continued) 
in unne 927 

dictarj, effect of, on uric acid metabolism, 1052 
digestibility and biological value, experiment, 
1047-1019 

dispensable amino acids in 1015-1016, 1020 

distribution of nitrogen 121 

enzj me action on, 157 

experiments general 1C7 

fibrous, 154 ’ 

flocculation. 155 

in foods, 133G-1356 

fractional precipitation 174, 459—461 

globular, 154 

g!> oxj lie acid reaction 170 
of Ilektocn, Kretschmer, and Welker, 828, 832— 
833 

Ilcller nng test for, 830 “ * 

Hophins-Cole test for, 170 ' 

hydration, 164 
hydrochloride, 362, 380 
hydrogen bonding 155. 156 
hjdrolisis procedures. 113 
immunological reactions. 180-181 
indispensable amino acids in, 1015-1016, 1020 
influence of deficioncj , 1060 
isoelectric point, 164 
experiments, 175-178 
metabolism, 728, 1014-1044 

time relations expen men t, 1047 
metallic salts effect, 174 
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proteins— (Continued) 
synthesis, 204 
synthetic fibers, 156 
tests 168, 187-189 
for sulfur, 168-1 C9 
unit cell, 161 
in unne. 828. 027 
tests 829 
utilization, 1047 
xanthoproteic reaction, 170 
zsnttenon form, 166 
proteinuria, 828-829 
proteoljsis, peptic, 363—363, 370-372 
tryptic, 395-396. 309-400 
proteolj tie enzymes, 157, 3 00. (eet also proteinase, 
peptidase) 

proteose. 113, 187, 196. 225, 828. 832 ' 
in milk, 225 * 
primary, 187, 106 
secondary, 187 

separation from peptones, 197 
in unne, 828, 832 
Vest, 833 

protein sparing effect of carbohydrate and fat, 
1049 

proteoses and peptones, 187, 19S 
experiments. 103 
from pepsin action, 364 

separation, 197 

test*. 197 

prothrombin accelerator, 461 
deficiency. 477 
determination, 478 
in liver disease 424, 427 
synthesis, 477 
time, 478 

determination, 490 
and vitamin K, 477, 1276 
protbrombinogen. 478 
protogen (•« thioctic acid) 
proton, 970 
protoplasm. 2 

protoporphyrin, 470 1009 101. ltttj 102G 
wnate and, Wft 
glycine and. 1025 1026 
provitamin A, 1116 
paeudochoUneateraae 297 638 
pseudo globulin, 163, <58—459 
pseudo keratins, 184 

pseudovitamin u tu 1209 1210 
PSP (mi phenols ulfooepfithalein) 

psychical stimulation of gastnc secretion, S53 3 73 
pteroie acid, 1106, 1198 

pteroyldi-v clulamy Jglutamie acid 1 IPS 
pteroi tglulamic acid. 1106 1195-1201 («* P f. P 
fohe acid, citroiorum (actor) 
chemistry. 1197 
cluueal aspects. 1195 
conjugates, 1195 
deficiency 1195-1196 
determination. >132 UV9 
distribution In (ooda 1196 1107 
(Oie acid relation to 1197 
labUs methyl croups and. 1209 
requirement. 1109 
*tabd,ty. IVlrt 


pteroylglutanuc acid— (Continued) 
titamin litt, relation to, 1196 
pteroy lhe ia-y-gl u tamy 1 glutamic acid, 1198 
ptomaines, 437 
poisoning. 437 

ptj&iin (see salivary amylase) 
pulp, dental, 255 

pulse anal) zer for radioactmfy measurement, 973 
punne, bases, in unne, 788, 813, 912 
determination of, 911-912 
catabolism, 211 
content of foods, 1053 
deaminases. 306 
in diet effect of. 1051-1054 
to deoxyirbose nucleic acids, 203 
excretion, rate of, 1053 
isolation, methods, 216 

nucleosides, 210 
nucleotides. 210 
precursors 208 
ring origin of atoms in, 208 
separation, by ion-exchange chromatography* 
217 

by paper chromatography, 217-218 
tautomeric forms, 202 
teats. 214 

in unne, 788,813,912 
determination of, 911-912 
punne'free and high punne diets, 1051-105* 
purpurogallin, 324 
pus, unne tests, 835, 830 
putrefaction, 436—145, 809 
intestinal, 802-803 
products of. 437 
putreseme, 437, 1180 
pycnometer, 785 
pyran. 61 

pyridine metbylation of, 443 
pyndme-3-suUonic acid, 1170 1307 
pyndoxal, 1106, 1179, 1181, 1182 
phosphate, 1106, 1179, 1180 
pyndoxamine 1106, 1179, 1181, 1186 
pyndoxio acid 1184 
pyridoxins lit* 1178-1186 

ammo acid metabolism, relation to, 1170 

antimetabobtee 1306-1307 

chemistry. 1182 

clinical aspects, 1179 

cobalt, relation to, 1096 

deficiency, 1179 

determination, 1131. 1183-1188 
excretion 1181. 1184 
in feces, 812 
in foods, JI81 
kynuremnase and, 1040 
in nulk. 22S 

physiological aspects. 1170 
requirement. 1109. Ilfil 

Stability, 1182 
storage mi 
synthesis. 1181 

transaminase relation to 1034 
tryptophan metabolism relation to, 10 * 0, 
in unne 812 
vitamers, 1106 

pynnndmes. 201, 210, 211, 216 217-218 
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pyrimidines— (Con/inurd) 
in dcoxynbosc nucleic acids, 203 
nucleosidase, 211 
nucleosides, 210 
nucleotides, 210 
precursors, 200 

separation by paper chromatography. 217-218 
testa, 210 

pyn thiamine, 1138, 1304 
pyrocatecholsulfunc acid, 802, 815 
pyrollme carboxylic acid, 1034 
pyrophosphate and eocnxyuie K, 1011 
pyruvate («« py rune acid) 
pyruvic acid, 68, 275, 090-990, 1027. 1137; (*f« 
alto phosphopy ruvic acid) 
alanine aa precursor of, 1027 
in carbon dioxide utilisation, 904-905 
conversion of, to oxalacctate, 1137 
to acetaldehyde by y cast, CS 
Ely cob sis and, 275. OsO 
metabolism, 990-996 
precursors. 989, 904, 996, 1027. 1028 
relation, to citric acid cy cle. 990-996 
tocoenxyme 4.092, 1137 
to muscular contraction, 275 
serine as precursor, 1028 
thioctie acid relation, 992 
in transamination reactions, 1024, 1034-1035 
PVuna, 830 


radioactivity — ( Continued ) 
induced, 976 
measurement, 973 
radioautograph, 975 
radioautography', 974 
rath nose, 56, 70, 81 
relative sweetness, 62 
RammelUmp method, for penicillin, 1320 
rancidity, 104 

and antioxidants, 104 
rat anti-spcctaclcd-ey e factor (««« inositol) 
rats, use in experiments 1365-1376 
rayon, 89 » 

reagents and solutions, preparation, 1321-1334 
red blood cells, role in carbon dioxide transport. 

6S4. («« also erythrocytes) 
reductmic acid, 1233 

reduction and oxidation, in biological systems. 
317-320 

tests for sugars. 64-67 
rcductoncs, 1233 
refection, 1140 

regurgitation, effect on gastno acidity, 361. 378 
Rehfuss method of fractional gastric analysis, 

383 

stomach tube, 370 

Reichert method, for crystallisation of hemoglobin, 


487 


Reichert-MeissI number. 105 


....<1,^ for blood choles- 
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respiratory exchange and neu trail tj regulation 
678-722 

respiratory quotient* 23** 72b 730 739 
calculations and data sheet “41 
carbohydrate and fat oxidation factors 727 
nonprotein 728 
of tissues average v slues 310 
retention meal in gastric anal 5 > is, 385 
reticuhn 192 
reUnene 319 1113 1111 
rhamnose x 5 

relative sweet new 62 
rhizoptenn 1198 
rhodanese 316 439 
rhodopam 1113 1114 
riboflavin 76 1106 1152 1164 
anti metabolites 1306 
blood 1153 

cataract* 1153 

che lew is 1153 
chemistry 11x8 11x9 

clinical aspects of 11x3 
coenzy me 1 and 11 00 
coenzy me II and 11x4 
content ol foods 1336-13x6 
deficiency demonstration, 1256 
diagnosis, 11x3 
stigmas 1291 
treatment. 1291 

determination biological assay 1163 1164 
general 1153 
method of \rnold 1162 
microbiological assay 1131 

<! neU and Strong method 1160 
dietary allosance*. 1108 
rim ucleo tide 1106 

distribution in foods, 1158 1336-1356 
enzymes 320 11x4 
excretion, 11x7 
in feces 812 

in foods, 11x8, 1336-13x6 
mrrullr 227 

mononucleotide 1106 11x4 
phosphate Hx4 
in enzy met 320 
phosphorylation, 11x6 
phy siological aspects 11x3 
requirement, 11x7 
stability 1158 
storage 1137 
synthesis 11x7 

to ptoptin metabolism and 1040 
in unoe 81 2 11x3 

determination ot by N ajjar method 1162 
vision and 1156 1158 

Vitamers HOC 11x7 
yellow enzymes snd 320 1154 
riboflavin ademne-dinueleotide Ilxx 11x8 
nbonuclesae action, 2 Clx -206 
nbose o5 58 76 201 203 210 
in muscle, 267 
nbose nurfee acid lSx 201 
content , n cells. 204 
preparation and test* 213 
in protein synthesis, 204 
structure (schematic) 207 


nbose phoepi ate from phosi hoglueonic acid 9S6 
ndtioleie acid J9 

rickets 1244 1246 12x8 («* ofsx nUmin V 
defic ency) 
non 486 

Rjgga--tadie method for pepue activity 3S8 
ngor mortis 206 

ring method for determination of aurface tension 
23-24 

Ringer a solution, IGSG 1332 
K\ \ (tee nbose nucleic acid) 

Robert a reagent. 1332 
Robert a test, for albumin in unne 830 
Robison ester (see gfucose-6-phoephate) 
dehydrogenase 30? 

Roe and Kahn method for serum calcium 646 
Roe and Ruelher method for ascorbic acid 1236 
1237 

roentgen equivalent man 976 
roentgen equivalent phy sical 9~6 
roentgen unit 974 

Roese-Goltheb method for fat in milk and milk 
products 237 
Rohng tube 237 
Roquefort cheese. 224 

Uose-Gyorgy erythrocyte hemolysis method for 
vitamin E. 127x 

Rosenbach modification of GmeUn test, for bile 
41x 837 

Rosenheim jM)x-/«tawuii> jodide solution, 1" 
Rosenheim a test, for choline 301 
Rotheras modification of mtroprusaide test for 
acetone 840 

ILQ. (see respiratory quotient) 
tutherford unit, definition 974 
rutin. 1243 

Ryle gaatne tube, 375-376 

S 

saecharase 304 

saccharic acid, CO 
saccha rune ter 70 
sacchazoid xC8 
saccharometer 69 827 
saccharose ( tee sucrose) 

Page standards 736 
Sahli hemoglobinometer 612 
c ahli s reagent 1332 
aalicy fie acid, 441 

aldehyde test for acetone 840 
ailicin, 77 
aalicy lune acid. 441 
aahva. 349 

composition, 3x0-3ol 
experiments, 3xo 
microscopic constituents. 3xx 
reaction, 3oI 3x5 
sab vary amylase 351 

activity in stomach 353 
estimation. 3x7 
experiments 3 x6-3x« 
inlub tion of activity 3x3 
nature of action. 3x2-3x3 
products of action 3x2 357 
digestion. 34 3 
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sain ary — (Continued) 
digestion — (C«n^tnuf4) 
separation of products, 357 
of starch, 332-353 
m stomach, 353 

salkowski test, for cholesterol. 300 
for creatinine, SOI 
sal mine, 1S5, 191 
am.no acid composition, 122 
salt blocks, 1033 

salt-free diet, metabolism on, 1093 
saltlicks. 10S3 

salt mixtures, 1374-1376, 1377 
CowgiU, 1370 
Uawk-Oscr, 1374 
UubbcU-Meadel-Wakeman. 1374 
Karr, 1376 

McCollutn-Dai ui, 1375 
Osbornc-Mcndel, 1374 
Steenbock. 1375 
U S P . 1202 

salt-nch diet, metabolism on, 1093 
salting out of plasma proteins, 459 
sapogemns, 295, 74S 
saponification, 105 
of bay berry tallow, 107 
of butter. 230 
of lard. 109 
'alue (number), 105 


sediments— (Canb nurd) 
urinary — (Continued) 
unorganised, S54-SC0 

be gal method, for determining gastric acidity. 377 
selenium, toxicity of, 1097 
SchvanofT reagent, 1332 
teat. 73. 94. SIS 

Sendro) method, for chloride. C27, 956 
separation of feces, 448, 1040 
serine, 9S, 115, 1025 
chemistry. 133 
as cystine precursor, 1031 
determination, 121, 1063 
metabolism, 102S 

m phoapholipides, 292, 1023 
in phospboproleias, 193 
in pyrimidine synthesis, 209 
m tryptophan synthesis, 1041 
n-senne. 1018, 1023 


seroglycoid, 110 

scromucoid, 119 

serotonin. 479 , 

scrum .Ibumin; <•„ ul„ blooJ. mm .Ibumm) 
blood, preparation of, 542 ...» 

.cum globulin; <■„ o'" blood, scum globulin) 
in unne, 831 

serum proteins («« blood, serum) 
sex hormones («« hormones) 

Shacked method, for total soUds « unne. 874^ 
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»lidc modification of benzidine test for blood in 
feces 4u3 

snake venom ph isphodie»ler»*e 200 

Nnell anil btrung method for riboflavin 1100 

soap* I0o 

hard 10 j 

insoluble experiment, 103 
salting-out, experiment 108 

•oft 105 

iirftu tens on of solutions, 108 
■odium amount in body 1077 1083 
isotopes 071 979 
metabolism 1033-1088 
in serum l«< Uood aeruta sodium) 
in urine 788 819 903 1088 
determination of >62-903 
■odium alcoholate preparation 1332 
sodium chloride dietary requirement 1109 
deficiency 1083 
effect of adrenal cortex on 7 -j 7 
sodium alutamate as seasoning a Kent, US 
detection in foods 19 

sod urn hydroxide solution, concentrated ear 
bonate-free 867 1333 
01 N 367 

sodium urate In urine Sol 8o7 8o8 
botera reaction for thiocyanate in saliva 3S6 
sols, 2 

solubility product and calcification, 2S2 
soluble starch 82 
preparation 1333 
solutions and reagents 1321 133S 
somatotropic horn one («< growth hormone) 
do too O' v- Nelson method for blood glucose. 673 
doiiMuox Miaffer Hartmann method for blood 
glucose 571 
sorbitol CO 1232 

Slrensen formol titration method, for amino 
acids 130 897 

standards lor determination of pH 35 702 
872 

Soxhlet method, for fat in milk 238 
extraction apparatus 238 
soybean cephsha <«e tooa tof) 
soybean- local protein, amino acid content, 120 
a pan 105 

spatial configuration, of amino acids 126 
of sugars 58 

specific activity definition, 979 
specific conductance of biological fluids, *3 
specific dynamic action, 1023 
specific gravity of blood. 4 .,7 009 
of concentrated acids and bases, 1 X 1 * 
method for plasma proteins hemoglot m 
hematocrit. 607 
specific ionization 973 
specific rotation, definipoo, 69 
of carbohydrates 70 
of v ano us substances 926 
specificity of enzyme action, 309 
Spectacled-eye condition, 1J87 1204, 1224 
spectrophotometers. 524. 531 *Z 3 
Beckman, 533 
Coleman, 532 

Spectroscope angular vision. tl3 
direct vision 4 SI 


spectroscopie examination of blood 492—05 
spectrum absorption o22 
solar 4>2 

fcpcncer Hb-Mcter Oil 
i 'peacer i&tih-ttd far ir) jjatsK 3 j0 
spermaceti, 106 

sphingomyelin. 98 290 293 1222 
cphingoairie > a, 293 294 1222 
spinal fluid («< cerebrospinal fluid) 
spleen. 1078 

tpongro 1^2 

spreading factor (sec byaluromdaae) 

squalene c8 

stable isotopes, 983 

slalagmotneter Traube 22 

standard acid and alkali solutions 866-869 

standard buffer solutions preparation 3^-37 

871 872 

standard conditions for gases 724 
stapbylokmase 480 
starch 06 81 86 >4 

d geslion 83 3o2 3oC 3J7 
distribution, 81 
eiperiu.enu 84-86 
in feci*, detection, 4o3 
hydrolysis. 82 
by acid. 84 

Cxpenroe nt, 80 

by enzymes, 84. 3o2 3o« 337 
ingestion, effect on metabolism, 10C8 
K*dine teat. 84 

microscopic appearance 84-85 
potato preparation. 84 
soluble 82 3o2 
preparation. 1333 
structure amylopecun. 83 354 
amylase 83 Z*3 
synthesis. 84 
experiment. 333 

steam distillation for nitrogen detennmstmm 
881 

steapam (see pancreatic lipase) 
stearic acid, 99 
steanc aldehyde 294 
stearin (mz tnsteann) 
stearyl alcoliob 98 
steatorrhea, 398 449 
bleenbock rachitogeme diet 1261 
fcteenbock salt mixture 40 1370 
fcteenboek stock diet Bills modification. 137* 
stellar pboepliate 8oo 
stercobibn. 412 413 447 813 
stereobilmogen, 412 413 447 813 
stereoisomerum. «9 
* Du i°g fata, lot 

sterility disease {ttt vitamin E) 

*ter**d hc-a&oe*. 2W* 74 J 7*1 7&*,7V*~1 (A 
chemistry 749 751 7o4 
experiments 760-766 
tsomensm, 74 J 
metabolic relations 761 764 
ttenjult adrenal cortical, 749 7*3 
chemistry 748-749 
sterols 29o 432 748 

nUsuna) absorption, 432 
stigmas, symptoms and therapy 12s9 
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stigmas tcrol, 9S. 295 

sUlbene derivatives, estrogenic action, 756 
■lilbestrol. 753 

Stockholm and Koch method, for total sulfur, 643 
Stoddard and Drury method, for fatty acids, 587 
SioVca reagent, 1334 

Stokst&d ami associates' method, for thioctio 
acid, 1216 

stomach contents, examination, 3S6 
glycerol extract, preparation, 3C9 
removal. 380 
tube, introduction, 384 
Itehfuas, 375-376 
Ryle. 375-376 

stomachs, fast and slow, 3G7-368 
stopcock grease, 711 
Strauss test, for lactic acid, 391 
strepogenm. 430, 1060 
streppdine, 133 0 
•treptobiosaiuine 1316 
streptokinase, 4SO 
strep tonij cm, 1303, 1315 
streptose, 1316 
strontium, in bone, 249 
neketa, 252, 1091 
stunne, 185 

substrate specificity of proteoly tie enxy mes, 157 
subtiUn, 1316 

succinic acid, 318, 991, 993. 1006 
succinic dehydrogenase, 307, 318, 993, 1297 
succinic oxidase, 318 
succinyl coenxyme \, 322, 1006 
succus entencus, 404 
sucrase, 80, 304, 306. 404. 405. 407 
intestinal 401 4ns 


sulfates— {Continued) 
in bone, 249. 252 
conjugated, m unne, 783, 1095 
inorganic, in unne, 7S8, 947, 1095 
determination, 947, 949 
total, m unno, determination, 946, 949 
in unne, 8I5-SI0, 046 
sul/si hi azoic, 653 
crystals. SCO 
sulfatides. 290. 294 

sulfhydry t groups and ionizing radiation, 977, 973 
in oxidations, 321 
reversible oxidation reduction, 139 
tests for, 141 
vision and, 1114 
sulfochohno, 1221 
sulfolipide, 98, 290. 294 
sulfomucins, 185, 192 
sulfonamides, action, 1298 

on intestinal synthesis, 1204 - J 

p-anunobenxoic acid relation, 1218, 1298 
cry stall me forma, SCO 
determination, in blood, 657 
in urine, 941 
m unne, 359, 942 
acetylated, 941. 942 
sulfosalicj lie acid test for protein, 831 
sulfur, acid (see methionine sulfur) 
amount in body , 1077 
in biological material, determination, 643 
blood (tee blood, sulfur) 
cysteine and cystine, 168, 169 
excretion, 1095 
in foods, 1095 

inorganic, in blood (tee blood) 
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tupraatcrols 1252 
surface area obnatioQ 730 
nomogram 737 

relation to Lest production 730 
orientation 9 
tension 21 22 

determination by drop method 23 
by ring method 23 
experiment* 22 24 
snap solution* 103 
teat lor bile ac da 417 837 
•uspenaoida 7 105 
stability 8 
b vedberg un t S 
tweetness relative of augara 02 
Smes cheese 224 
•i neree * 9 

synthetic ti tiers from protein, 150 
bzfcnt-Gyhrgyi contractile muscle fiber prepare 
turn 280 

T 

Ubtoumme 150 
tachysterol 1252 
Taka-diastase 1297 
Takayama ■ solution 1334 
talosc 58 

tannic acid test lor nucleoi roteicu 834 
taomn test, (or carbon rocmox.de hemoglobin 494 
tanning of leather 245 
Tanret s reagent 1334 
tartar formation 351 
tartanc acid 93 292 
in foods 1097 

Tauber and Kleiner aminoguamd ne teat for 
lructose 73 848 

benzidine reaction lor pentoae* 70 845 
modification of the Uarfoed test 07 
taunne 410 417, 807 1032 1095 
derivatives in unne 907 
on Kin from cystine 1032 
preparation 417 
teats 418 

taurocholic acid 409 
teeth 2o5-2C3 
analysis 2G3 
for calcium 263 
for phosphorus 263 
calcification chronology 25S-2o9 
of deciduous 2o8-259 
of permanent 258-2o9 
composition 255 2„8 1078 
crystal structure 2o7 
effect of acids on 2C3 

of saliva on XiO 
of vitam ns on 2u9 1227 
experiments 263 
fluorine and 262 263 

relation of d et 259 262 1088-1090 1227 
1243-1248 
trace elements 2o7 
Tcchmann method for herom 483 
temperature coefficient of enzyme action 310 
tenderizing of meat. 349 


\ 


tend 0 achilles composition 245 
tendoinurtud 1J2 245 
preparation and tests 240 
tensiometer Du NoQy 22 

ILI’P (»rs tclractbyli yropfioephste) 

Terrain! cm (s*« oxytelracy cline) 
testes 75ft 7oi 77 3 
teat uieals 38o 
lest- tu! e colorimeter 504 
testosU-rone 749 7o0 751 754 
metabolism Too 
tetany 6J1, 1088 
blood chemistry 4 j 9 
tetraelby lpy rophospbate 2J9 
tetracue thy Icned amine 437 
tetranuclrotide 203 
tetrose 55 
theobromine 909 
theophylline 909 
thiaininaac 1138 1284 

effect on food thiamine experiment 1284 
thiamine 1106 1134-1152 1280 1290 
alcoholism relation to 1135 
analogs 1100 1)37 
antimetabolilcs 1304 
in blood 1139 
chemistry 1139 
clinical as i ecu 1135-1130 
cocarboxylase activity 1130 
deficiency demonstration 1286 
diagnosis 1142 
stigiuaa 1290 
treatment 1240 
determination 1141 1152 

by A O A C Method modified 1147 
by biological methods 114o 
by chemical methods 1143-1145 
general 114 2 1142 

by llenncsay and Cerecedo method 1143 
by ltocbbcrg \Ielmck Oser method 1144 
by m crobiologjcal method 1131 
by rat-growth method 1147 
by Sherman sot) Chase method 1147 
by U 8 P biological n clLod 1148 
thiochrome met! otl lluO 
dietary allowances 1 108 
distribution in foods 1137 1138 1335-1356 
disulfde 1106 1138 
in feces 812 

International Unit 1148 
in milk 227 
orthophosphate 1106 
pWpWylaj on of 1138 
, physiological aspects of 1135 

ava lab 1 ty determination 1283 
pyrophosphate (ice cocarboxylase) 
requirement 1137 
stabd ty 1140 
storage 1138 
synthes s 1138 
in unne 812 
U8P unit 1148 
vitamers 1106 

th amine-deficient d eta 1 147 
t) eayUUtt ne 1301 1302 
fl-3-thienylalanme 1302 
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ttaochrome, 1140 
method for thiamine, 1143. 1150 
thiocbc acid, 322. 992. 1131. 1214-1218 
chemistrj. 1215 

determination of, by method of stotatad and 
associate*. 1210 
distribution in foods, 1218 
photosj nthesu and. 58, 1210 
ph}»io!ogical aspects, 1215 
thiocjanate. ongia from ejamde. 439 
in sail \ a, 351 
test, 350 


tissue— (Continued) 
epithelial, 242-24 1 
experiments, 244 
muscular, 2G5-2S9 
experiments, 279-2SS 
nervous, 290-302 

experiments on hpidcs of. 299-301 
osseous. 249-255 
experiments, 254 

slices, uso of, in study of tissue metabolism, 334 
titratable acidity of unne, 870 
alkalinity of saliva. 351 
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trehalose 78 101 

tricarboxylic sc d cycle VeO (tee also c tnc acid 
cycle) 

UicLloroethylglucurocate 828 

tnebudin. 432 
Inethenoid fatty tu da 100 
Inglycendes 101 

tngonelline, 413 116S 11 CJ 11"0 
triiodothyronine IjO 771 
tnlietoby dnndene L> draLe (tee c nhydnn) 
tnole a 101 102 
tnose, m 

tn&wphosphatea 274. 089 
tnpalimun. 101 102 

triple phosphate («< ammonium magnes ium 
phosphate) 
tnaacchande .,5 81 
Iruteann. 101 102 

tritium 971 879 
Iropeolio 00 solution 1224 
troporayos a 271 
Uyps d, Mo Jj?, 33 4-39 i 
acu alum, 320 

by enterokinase demonstration. 400 
experiments, 329-400 
inhib tor 219 ZM 
preparat on. 3.J3 
in stomach 378 

auUtrate spec 6c ty lo7 1^8 335 
in unde. 811 
trypsinogen. 334 
tryptanune 137 

tryptic actir ty 394-33o 329-400 
digtataon, 329-400 
tryptophan. 116 112 1040 
action of bacteria on, 437 
bromine water test for 329 
cheimatry 142 

con eraion to mac n. 1040 1168, 1179 
deterimnat on. 121 1063 
experiments 142 
llopluna-Cole reset on for 142 
indiean format on from 803 j„g 
ir aureate acid cccret on and, 810 
mercury compound 393 
metabolism, 1040 
in uulk, 228 
tests for 142-143 
tubercuioateanc acid. 101 
turbidjmetry 533-o3a 
turbidity standards, preparation, 929 
Tween, lOo 
Tyndall effect, 6. ^35 
tyramme 436 437 1042 1014, 1180 
tyroculine 1315 
Tyrode a solution 1086 
tyrosinase, 186 ls3 UH, 300 320 321 
tyrnsme 116 136, 1041 1014 
action of bacteria on, 436 
chemistry 136 
decarboxylation, 436 1180 
determination. 121 1063 

experiments 136 
metabolism 1011 1044 
preparation, 136 
in putrefaction, 803 


tyroaine— { Co a/ an uzd) 
teats 138 
□ unar &>4 8o9 

tyros o«- tolerance test n User disease, 422 
tyrosinosis 1013 
tyrotbnen 1311 1314 1315 

U 

v L dr unsay test for bile aculs, 416 
ullraccntr fuse 4 100 1G1 461 

in i rotein fraet o nation, ICO 161 461 

ultraUllratioa. 4 

ultrauucroscope 6 

ultras olct radiation. eCect on bone formation. 
1101 

on enzymes 311 
on teeth, 2*9 
measure nent, 1249 11<0 

photochem cal method of Anderson and 
Hobinson 12 u 0 

a-itam n D relation to 1247 1248-12o0 
underconsumption, 998 
unorganised sediments in unne 8o4 
unoa lire*! sulfur (tee sulfur unoxidixed) 
ur sc 1 201 202 210 216 218 
tautomeric forms, 202 
tests 216 

paper chromatography 218 
utilisation. 209 

uranium acetate method for phosphates, 9*2 
urates in unne 8o4 8a7 864 
irea.788- 34 882-888 
b uret formation from. 791 “S3 
n blood (ms blood urea) 
clearance test. 7s2 SCo 
excretion, 769 792 
hypobromite reaction, 791 7 el 
isolat on from unne l3 
nitrate 7al "rj 
oxalate 7sl 793 

synthesis, argmine-omithme cycle 789 1C*39 
urease action on. 7 >4 
a unz*. 758-7W. 6 u Ml 
determination, 882-888 
ex pen menu. 793 

urease, 30o 30C 791 791 852- 883 
action on urea. 794 
crystalline preparation. 330 
powder preparation. 883 
solution, preparation, 883 
standardization, 883 
use for determination of urea, 549 882 
unc and 211 82o 827 
ACTII and 212 
m blood (ace blood, unc and) 
calculi, 796 
catabolism. 211 212 
cry atadine forms. 8o6 
excretion, effect of proton, 10o2 
experiments, 7,^5 
gout relation to 212 7s6 
isolation from unne, 7<r6 
■so oenam, 794 
metabolism, 212 794-795 

occurrence in blood and tissues, 796 
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unc acid — (Confmurd) 

phosphotungstic acid reaction lor. 700 
purines as precursors, 210, 211, 212, 1 04-795 
relation to allantom, S07, 803 
sediments, 857 
senae as precursor, 1028 
silver reduction teat for, 790 
tests, 216. 790 
in urinary sediments. 857 
in urine, 783. 794-797, 854. 857, 863, 8G4. 
906-007. 909 
determination, 005-912 
xanthine oxidase, relation to, 211 

uncase, 211, 559, 795, 807 
method (or uno acid, 007 
powder, preparation, 007 
undine, 203 

diphosphoglucose, 221, 321-322 
undine-2'-phoaphate, 205 
und) lie acid, 203, 205, 206 
urinary calculi («• calculi, unnan) 
nitrogen and buUut partition. 1054 
unoation, frequency, 782 

unne, 780-787, 783-822. 823-853. 854-SC5. 
S66-9C0 
acetic acid, 692 

acctoacetic acid, 092, 837, 833, 871, 933 
determination, 931 
testa, 840-841 
acetone, 837, 838. 933 
determination, 931 
tests. 840-841 

acetone bodies, 837-842, 933 

acetone test powder for detection of, in 
urine, 840 

determination, 930-938 
tests, 839-842 
acid fermentation, 785 
acidity, 782-785 
adenine, 813 
albumin. 828-831. 928 

determination, official insurance method. 92» 
removal, for nitrogen determination, 87o 
tests, 829 

alkali ingestion, effect of. 701 
alkaline tide, 781 
allantom, 7S8, S07-S0S. 914 
determination, 913 
amino acids, 788, 808-809, 871, 897 
nitrogen, 897, 899 

determination, 892— 897 
p-anunobenxoic acid, 812 
ammonia, 692, 701, 788, 814-815. 890 
acidosis and, 692 
determination, SS8-891 

nucrochemical method, 670 
experiments, 815, 819 
ammoruacal fermentation. 819. 854 
ammonium magnesium phosphate. o« 
amylase, 811 
analysis, complete, 1045 
arabinose, 845 
aromatic hydroxy acids. 941 
oxy acids, 809-810 
arsenic, 848, 964 
tests, 84S-849 


urine — (Conlmutd) 
ascorbic acid, 1235 
determination, 1237 
aspartic acid, 809, 897 
Bence-Jones protein, 828, S32, 833 
tests, 831, 833 
bicarbonate, 821 
bile, 783, 830 
acids, tests. 837 
pigments, 7S3, 830 
tests, 836-S37 
tests, 836-837 
bilirubin, 854, 859 
biotin, 812, 1205 
blood, testa lor, S34-S35 

butyric acid, 812 

calcium. 783. 820-821, 960. 1090 
determination. 959 
experiments, 821 

carbonate, 854-855. 863. 864 
oxalate, 854, 855. 863, 864 
phosphate, 854, 855 
sulfate. 854, 856 
calculi («« calculi, urinary) 
,r'bohldt.U,.Sn.823, 8U-MS.919 
carbonates, 821 

chl°ndU?;S3, 810-817, 856. 1087 
determination, 955-957 
micro chemical method, 672 
excretion, experiment on, 1098 
experiments, 817 
cholesterol, 853. 864 
choline, 964 

chorionic gonadotropin. 776. 777 

citnO acid. 800, 807, 964 
collection, 786. 1044-1045 
color, 781, 783 

composition. 788 

effect of exercise on, 1069 
conjugated glucuronic acids. 82o, 918 
determination, 918 
conjugated phenols. 941 
coproporphyrin. 813. 8o2 
corticosteroids. 964 
corun, determination, 764 

creatine, 797. 799-800. 871. 904 

determination, 903-904 

experiments S00 

creatinine. 788. 797-802. 871. 902 
determination, 899-902 
effect of diet on, 1054 
experiments. 800 

cystine, 807, 854, 858. 897, 950 

dextrose («« glucose) 

diace tic acid <«e acetoacetic acid) 

di hy'droxy acetone, 964 

enzymes, 811 

epiguamne, 813 - 

estradiol, determination, 760 

estnol, 755, 702 

estrogens. 756 

determination 760 

determination, 947. 94 J 
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unne— (Conltn u«f) 
ethyl alcohol, SOI 
sulfide. 807 

exercise, effects of. oo composition of, UKiJ-1070 
fat, 783, Ml 
fermentation, acid, 780 
arnmomacal, 784 
fibrin, 828, &G3, 804 
filtration reabsorplion theory, 780 
fixed base, 959 
deterrmnation, SOS 
fluorides, 822, 908, 1000 
determination, 907 
folio acid activity, 812 
formation (diagram), 781 
formic acid. 812 
fructose 817-818 
tests. 817-818 
galactose, 817 
globulin (see globulin) 
glucocorticoids, determination ?G4 
glucose, 823, 920 
determination, 919-927 

official insurance method, 923 
tests. 823-828 

glucuronic acid. 757, 842-813 
tests, 843 

glucuromdcs, effect of drugs on 843 
glutamic acid. 809, 807 
glycerophosphonc acid, 812, 954 
glycine, 802, 807 
glycoproteins, 834 
guanidine bases, 961 
guamdinoacetic acid, 800 
guanine, 813 

Ilektoen, Kretschmer, and Welker protein. 

828, 832, 833 
bematin. 783 
hemoglobin, 783, 828 
heteroxanthine 813 

hippunc acid, 788, 804-805, 854 808 915 
determination, 914 
histidine, 809, 897. 1036 
dirunuganluuf janub fUfl- 
hormones, 756, 775 

hydrogen ion concentration 782. 784, 873 
determination, 871-873 
effect, of alkali ingestion, 1100 
of diet, 1099 

P-hydroxybutync acid, 692, 837, 839, 871 S33 
determination, 931, 035, 936 
tests, 842 

hypoxanthine, 813 
mdican 788, 939 
determination, 938 
tests, 803 

indigo 854, 859, 864 
■ndoleacetic acid, 782, 852 
inorganic phosphate 9.j2 954 
determination 951 

inorganic physiological constituents 814-822 
sulfate detection, 810 
inositol, 850 
test 8ol 
inuhn 964 

io&ae determination, 964 


urine — (Co nt i n urd ) 
iron. 821. 1093 
determination, 963 
isoleucine, 809 
keto acids, 964 
17 ketosteroids. 705, 709 
determination, 765 
k>nureme acid, 810 
lactic acid, 812, 918 
determination, 910 


lactose, 811.840 
tests, 840 
lead, 800, 961 
leucine, 854. 859 
levulose («r« unne, fructose) 

!>sme, 897 

magnesium, 788, 820-821, 962 
determination, 960 
phosphate, 854. 859 
melanin. 783, 851, 854, 859 
tests for, 851 

menstrual cycle, effect on eitnc acid in, 807 
mercury, 800, 904 
tests for, 850 
melhemoglobin. 783. 835 
methionine, 809 
metbjl mercaptan, 782, 807 
Nt-melhylmeotinamide, 812 
determination, 1174 
1 melbylxantlune, 813 
mucin, 834 
mucoid, 782. 810, 834 
myoglobin 783. 828, 835 
neutral sulfur, detection. 810 
niacin, 812, 11 68, 1170. II73 
mcotinunc acid, 1173 
nitrates, 822 
nitrites 847 

nitrogen, determination, 874 
by steam distillation, £81 
excretion, effect of punDe* on. I05I-I052 
partition, 875 
nonbtood proteins 832, 83} 
uuiWuik, SC’S 

nucleoprotein, 782, 810, 858, 831 
tests for, 834 
odor, 782 
organic acids, 871 
physiological constituents, 788-813 
organized sediments, 860 
oxalic acid, 788, 805-806, 945 
determination. 914 
oxyhemoglobin, 835 
pantothenic acid 812 
paraxanthine, 813 
pathological constituents, 823-853 
pentose, 811, 814 
tests, 845 
peptides 809 
peptones, 828 
phenols, 788, 803, 815, 94l 
determination, 939-941 
phenylpyruvic acid 1042 
phosphates, 788. 817-819, 952, 954 
determination 951 


txpeniDenta. SI 3 
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nnne— (Continued) 

phosphorus, determination, 951-953 
phosphor) la ted compounds. 812 
phjsiolOGical constituents. 7SS-S22 
pigments, $13 

polarwcopic examination, 923 
porphj nns, S13, 853 
potassium, 7SS, 819-820. 933. 10SS 
determination, 902-933 
pregnanediol, 757 

glucuromdate, determination. 732 
preserv ation, 787 
proline, 803 
protein, 810, 82S, 929 
determination, 027-930 
tests, 829-835 
proteose, S2S, 832 
test, 833 

punne bases, 783, 813, 912 
determination. 011 * 

experiment, 813 
pus. 783. 830 
tests 830 
p> ndoxine, 812 
quantitative analysis, S06-9C9 
reaction (h) drogcn-ion concentration) 782. 781 
effect of diet, 7S4, 1098 
nboSavm, 812, 1153, 1157 
determination, 1102 
secretion, 780 
sediments, organized. 800 
unorganized. 854-860 
sex hormones, 750 
silicates 822 

Sodium, 783. 819-820, 963. 10S0 
determination. 902-903 


urine — (Continued) 

total solids, determination, 873-874 
total sulfur, determination, 948, 949, 950 
•’ triple phosphate.” (sre ammonium magnesium 
phosphate) 
turbidity, 782 
t) rosin e, 854, 859 
urates, S34, 857, 804 
urea, 788-794, 875, 884 
determination, SS2-SS3 

by microchenucal method 371 


experiments, 793 

unc acid, 788, 794-797. 854. 857. 863, 864. 


900-907. 909 
determination, 905-912 
effect of protein on, 1052 
experiments, 790 
urobilin, 813 
urobilinogen, 943 
urochromc, 813 
urocrj thrin, 813 
uroporphyrin, 813, 852 
urorosem. 852 
test, 852 
\ aline, 809 

i asopressin. effect of. 775 
v itamins, 811 
volatile fatty acids. 812 
volume, 781 

effect of water intake on, 1058 
xanthine. 813, 854. 859, 803. 864 


zinc, 904 

urine analjsis, complete, 1045 

acetone bodies, S 


of acidit) , 870 


of allantom, 913 
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unne deteruuaat on — (Continued) 
ol suifonam <les 941 943 
of sulfur 946-9.r0 
of titiatable &cidit> 870 
of total fixed base 858 
of total nitrogen 674-832 
of total solids 873 
of urea, 882 SSS 
of unc ac d, 90>-91Z 
of urobilinogen, 913 
unnometer “SC 
urobilin 413 417 782 813 
uiobilmogen 413 447 782 813 
fecal, 944 

in liver disease 425 427 
unne, 943 

in liver disease 423 427 
uroc&mc acid 1037 
urochrome 782 813 827 
uroery thru, 782 783 827 
uroSavm 1163 
urogastrone 360 
uranic acids 81 91 l&S 192 
uroporphynn, 782 783 852 
uroroaem, 7 82 S52 1173 
test 852 

uros teabth 863 864 
urotropin. 827 

DSP assay for niacin, 1175 
for thiamine 1148 
for vitamins A and D 1261 
method, for niacin 117o 
for thiamine 1150 
for vitamin Bi 1210 
salt mixture 1262 
umt, thiamine 1148 
vitamin A. 1119 

V 

raccenic acid, 100 
vaginal smears, effect of ovarian hormones 761 
valine 115 126 134 809 1033 1063 1064 
determination, 1063 1064 
metabolism, 1033 
in unne 809 
vanadium, 1077 

Van deu Bergh test 414 415 592 

V an Slyke and assoc ate* method, for blood 
carbon monoxide 706 

V an Slyke blood gas apparatus. 694 709 

Van Slyke and Cullen method, for ammonia in 
unne SS9 

for carbon dioxide capacity of blood, 693 
for urea, in blood 5ol 
in unne 883 

Van Slyke and Hankins method, for protein 
free blood filtrate 544 

Van Slyke and Hitler modification of Sendroy 
method for ehlonde in blood 627 
in unne 9o6 

Van Slyke MacFsdyen and Hamilton, method 
for amino ac d nitrogen, 892 
Van Slyke methods, for acetone bodies in unne, 930 
for plasma bicarbonate, 698 
for total chlorides in tissues. $29 


Van El) ho and Neill mano toe trie apparatus 
"09-714 

Van SI) Ice tutrogen-dis tnbution method, for 
amino acid anal) sis, 121 
Vsa W)Jfe and Palmer method for organic acids 
in unne 871 

V an My ke volumetne apparatus, 694 
tssopressin 775 

l DU and radiation effects. 977 07$ 
vegetable globulins (*« globulins) 

lipase 331 
parchment 89 
aurrase. 331 

Vennings method, for pregnanediol in « nM 
762 

venous blood composit on 687 
verdoflavin. 1106 
verdobemin, 412 
v erdohemoehromogen, 412 
verdobemoglob n 412 

V gantol 1247 
villi inteat nab 428 

Vincent and Vincent method lor penicillin, 1320 
nosterol 1107 
viral hepatitis. 419 
virus. 200 

tobacco mosaic molecular weight, 162 
viscose 89 

viscosimeter Ostwald, 12 
viscosity determination, 12 
vision, and riboflavin, 1156 
and vitamin A. 1113-1114 
visual acuity 1114 
visual purple (sc* rhodopsra) 
vital capacity 731 
vitamer definition, 1104 
table 1106-1107 
vita mm A. 98. 1106. 1113 
absorption. 1117 
ac d 11Q6 

activity International Standard 1119 

antioxidants and 1121 
m blood 1128 

determination. 1127 
Cajt Pnce reaction. 1 122 
chemistry 1117 
3-css- 1113 HU 
clinical aspects. 1111 
color reactions 1122 
content of fish oils, lllo 
of foods. 1336-13o6 
deficiency 1111 1115 
demonstration. 1280 
stigmas, 1290 
treatment. 1290 
visual acuity in. 1114 
determination 1121 1130 
biological methods 1129 
chemical methods. 1122 
Oser Melmck and Pader method 
speutropbotometnc methods, 1125 
D S.P biological method. l’Sl 
analysis of variance. 1378 
distribution m foods. 1116, 1336-13o6 
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vitamin A — (Continued) 

E 'alue, 1125-1126 
eaters, 97 , 1106, 1118 
fertility and. 1113 

Vctone. 1106 

m milk, 229 

and nyctalopia, 1114 

ongm, me 

oxidation to retiaene. 319 
physiological aspects. Hit 
plant pigments, relation to, 1116 
precursors. 1110 
requirement of man, 1103 
sources, 1116, 1336-1300 
stability, 1121 
storage. 1115 
tooth formation and, 259 
ultraviolet absorption, 1121 
unit. US P. H19 
urinary calculi and, £61 
vision and, 1113-1114 
vitamers, 1100 
vitamin At, 1106 
vitamin Ai. 1106 
3-cu-viumin A, 1113, 1114 
vitanun-A-Ireo test diet. 1262 
nUnua D complex, gecera), 1130-1 131 
intestinal s> nthesis of, 1 134 
microbiological assay for components, 1131, 
1134 

vitamin Bi (*<« thiamine) 
vitamin Bt {see riboflavin) 

Vitamin B« (»e« pyndoxiae) 

vitamin Bn, 1107, 1195, 1207-1214, (res also 
cobalanuns, pseudontamin Bu) 
and cobalt. 1096, 120S 
determination, microbiological. 1 131 
U S P. method, modified 1210 
distribution in foods, 1209. 1214 
labile methyl groups, relation to 1209 
in milk, 223 

in nucleic acid sy nthesis, 1209 
pteroj Iglutamic acid, relation to, 1190 
vitamin Biu. 1107 
vitamin Bub. 1107 
Vitamin Bim, 1107 

vitamin Bo (see pteroy I glutamic acid) 
conjugate. 1198 
vitamin By, 1134 

vitamin B* {set p-ammobenxoic acid) 
vitamin C (see ascorbic acid) 
vitamin D, 98, 1107, 1243-1267 
“dilation of foods, 1218 1251, 1256 
calcification, relation to, 253, 1244 
calcium utilization and, 10S9 
car boh j drate oxidation and 1247 
chemistry, 1251-1254 
cluneal aspects. 1244-1250 
content of fish oils, 1115, 1255 
deficiency (rickets), 1244-1246 
demonstration, 12S6 
stigmas 1292 
treatment, 1292 

determination biological methods 1257 
chemical methods general 1257 
U3P method 1261 


vitamin D — (Continued) 
distribution in foods. 1255, 1256 
esters, 97 

fortification of foods, 1256 
line test, 1260, 1266 
milk., 220, 1256 
phosphatase, relation to, 1246 
phy siological aspects, 1244-1250 
precursors 1253-1254 
requirement, 1108, 1247 
stability, 1254 
storage, 1250 

tooth formation, effect on. 259 
toxicity, 1247 

ultraviolet radiation and, 1247, 124S-1250 
units, A.0 A C. chick, 1260 
U S P , 1267 
vitamers, 1107 
vitamin Di, 1252 
vitamin Dt, (are calciferol) 
vitamin Dt, 1107, 1251, 1253 
vitamin D*. 1107 
vitamin Di, 1107 
vitamin D-free diets, 1261 

vitamin E, 98, 266, 1267-1276, {see also tocoph- 
erol) 

.antioxidant activity, 1270 
biopoteney, 1269-1270 
chemistry, 1270 
clinical aspects, 1267-1269 
deficiency, 1268 

erythrocj te rupture and, 1268 
demonstration, 1287 

determination, chemical, by Emmene-Engel 
reaction, 1272 

Evans' biological method. Mason Barns 
modification, 1274 

Quaife and Dju method, in tissues, 1273 
Quaife and llarns method, in foods. 1273 
Rose-Gy orgy hemolj sis method. 1275 
distribution, in foods, 1272 
International Standard, 1274 
in milk, 229 
oxidation, 1271 

ph> siological aspects, 1267-1269 
requirement, 1269 
stability, 1271 

vitamin E-deficient diet, 1274 
vitamin G (see nboflavin) 
vitamin H (see biotin) 
vitamin K, 98, 1107, 1276-1281 
absorption, role of bile in, 409 
antimetabobtes, 477. 1308 
chemistry, 1278 
clinical aspects, 1276 
deficiency. 1277 
stigmas, 1293 
treatment, 1293 
determination, 1279 
biological method of AlmqutsC. 12S0 
distribution, in foods, 1278 
in milk, 229 

physiological aspects. 1270 
prothrombin, relation to, 577, 1276 
requirement. 1109, 1277 
storage, 1277 
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vitamin K — ( Continued ) 
tolerance lest, 1270 
unit AO AC 1281 
Vitamers 1279 

vitamin Ki 1107 1270 1278 
vitamin Ki 1107, 1270 1278 
«Um>n P [tee bioflavonoids) 
vitamins 1104-1230 
analogs of 1304-1310 
clinical aspects 1280-1293 
content versus potency 1110 
deficiencies American Medical Association 
syllabus 1289-1293 
symptoms general 1293 
definition 1101 

dietary allowances recommended by the 
National Research Count 1. 1108 
distribution of in foods 1330-1350 
evaluation of sources (American Medical 
Association) 1111 

in feces 812 

in hair 243 

human requirements 1110 
intestinal synthesis 437 1134 1204 
major and nunor 1 1 10—1 111 
microbiological determination 1131 1132 
■n milk 227 

minimum daily requirements FOA 1110 
physiological availability 1281 1284 
relation beta ecn dosage and excretion 1282 
to entymes 1104 
student exercises on 1280-1288 
table 1100-1107 
murine 811 

vitreous humor mucin 185 
VoiseneURhode test for tryptophan 143 
Volbard Arnold met! od for chlorides 9a5 
Volhard Harvey method for chlorides 9a0 
Volhard Idihlem method for peptic activity 389 
Vollerra ■ method for phenols in urine 939 
Vulpian reaction for adrenaline 7C8 

W 

W factor (see biotin) 

Wallace and Diamond method for urobilinogen 
943 

Walpole acetate buffers 871 
Warburg, method for cell respiration 334 
for oxygen consumption 334-33G 343 
old yellow enzyme 307 318 320 
vessels, 335 

Warburg and Christian yellow enzymes 1156 
Wsxburg apparatus 334 336 
calibration. 311 
wster amount in tiaaues 1078 
balance 1080 

in bver disease 426 
role of plaama proteins 466 
body measurement. 980 
sources. 1080 

content of common foods 1336-13^6 
deficiency effect. 10^8 
dietary requirement. 1109 
dissociation of 30 

distribution in body fluids 1031 1082 


* a ta r— (Cent in aed) 
effect on metabolism 1057-1058 
of radiation on 977 
equilibrium 1081 
extracellular 1082 

fluoride content and tooth decay 2G2 1090 
heat of v aponzation 1080 
hormonal control of w&ter-clectrolyte balance. 
1081 

intoxication 10u7 1080 

intracellular 1082 

loss (dehydration) channels 1080 

effects 1080-1081 

at meals influence 300 369 1080, 1081 
rcabsorption in kidneys 780 
relation to unne volume and specific gravity 
1058 

significance in animal body 1079-1083 
starvation vs. food starvation 1058 
stimulation of gastric secretion 300 309 
test meal 38o 
vapor tension, table 709 
Watson method for urobilinogen 943 
waxes 97 106 (see alto lipides) 

Webster Hill and Eidinow method for ultra- 
violet radiation 12a0 
Weinbach method for blood sodium Cal 
Welker biuret reagent 1323 

Welker Hektoen and Kretschmer protein. 
833 

Welker method for punnes in urine 912 
Werner hypothesis 790-791 
Westphal balance 785 
Weyl test for creatinine 801 
Wharton a jelly gly coprotein 185 
white blood cells (sec leukocytes) 
white fibrous tissue 244-246 
composition 245 
experiments 24a-246 
WTbite-Green reaction for pentoses 84o 
White horn method for blood chloride 626 
Wijs iodine solution 1327 . 

W illiama and collaborators microbiological 

method for cobalamins 1214 
WilUt&tter and collaborators method for »“> 
ase 40| 
for lipase 402 
W inkier s reagent 1334 

Wong method for hemoglobin and iron 6*7 
Wood Workman reaction 994 
wool cystine in 242-243 

X 

xanthine 211 214 267 795 854 859 663 

864 

in muscle 267 

oxidase 186 211 307 318 320 795 »&> 
in milk 22a 
molybdenum and 1097 
tests 214 

in unne 854 8^9 863 864 
santl ophyll 102 1118 1119 
xanthoproteic reaction 170 
xanthopterin 1197 
xambureme acid 1040 1041 1179 
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xanthydrol, in urea determination. SSS 
xerophthalmia, 1111 
xerosis. Ull 

x-ray diffraction, proteins, 154, 101 
effect on enz> mes. 311 
unit of measurement, 070 
xyloketose, 76, 845 
xy lose, 55, 58, 70 
relative sweetness, 02 

Y 

Y /actor (tit pyndoxine) 
least adeni lie acid, 204-205 
fermentation, 67 

Jfont factor (if« ptcroylglutanuc acid) 
nucleic acid, preparation, 202 
testa, 202 

aucrase, preparation, 331 
yellow’ elastic tissue, 240-247 
composition, 247 

yeltow cnxjmes, 307, 318, 320. 1154 
Youngburg method, for blood lipide phosphorus, 
589 


Z 

zeaxanthin, OS 
rein, 118, I S3, 191 
amino acids in 120 
molecular weight, 162 
Zeller's test, for melanin, 852 
zero-order reaction, 312 
Zimmerman reaction, 7G5 
zinc, and carbonic an hy druse, 3G 2, 1090 
deficiency, 1090 
determination, G77, 904 
effect, on enzymes, 311 
on hormones, 1097 
in insulin, 1099 
isotopes, 971 
metabolism, 1096 
in proteins, 186, 193 
zone electrophoresis, 464 
mittenon, amino acids, 123 
proteins, 16G 
zymase, 304 
zymogen, 312 
zymohexase, 304, 307 



